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1.

- ABSTRACT

TDIST, the Thermal Distribution System Simulation Code,

is a computer program developed at MIT to aid in the- design

and dynamic performance analysis of a large integrated Total

Energy System (TES) supplying thermal and electrical energy
4

to a multi—consumer—type metropolitan area. Included in

this User ’s Manual are derivations of the detailed consumer

energy demand models and of the Thermal Utility System (TUS)

component models developed in each of the system analysis

subroutines . Comprehensive modelling scenarios are presented

to illustrate how these program components are combined to

yield a range of steady-state and dynamic system analysis

options. Program execution information includes descriptions

of the three primary modes of program operation, complete

documentation of input requirements and data card formats,

examples of available data output options , and a listing of

the code . Sample data is included for the execution of a

21—hour dynamic simulation of a TES serving a community of

V 50 ,000.

CC
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SPECI AL NOTE ON NOMENCLATURE

For convenience In cross—referencing between the des—

criptions of the code ’s operation presented in Section A .3

and the actual listing of the code in Section A .8, all

variable names used In this manual are the same as those

used in the code , and are defined in Section A.7.

C
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A.l Introduction

The primary function of the Thermal Distribution System

Simulation Code (TDIST) is to aid in the design and perfor— —

mance analysis of a Total Energy System (TES) supplying

thermal and electrical energy to a metropolitan area con-

taining a variety of energy consumption categories. To

achieve this end , the code is concerned with the steady—

state and time—dependent energy flow modelling of up to

twenty different energy consumer types and of the thermal

utility system (TUS) serving them with high temperature

water (HTW) from a central total energy power plant site.

Since the major costs of such an integrated energy supply

system are particularly sensitive to the TUS design, emphasis

is placed upon simulating the time—dependent TUS performance.

No provisions are made for specifically modelling the asso—

elated electrical energy distrIbution network, although the

community ’s electrical energy demands are calculated and are

included in the overall TES energy supply analysis.

Briefly, TDIST consists of two distinct , but intercon—

nected,modelling packages. The first is a set of building

energy flow calculation subroutines which determine the space

conditioning, domestic hot water , and non—space—conditioning

electrical loads for each of the specified energy consumer

types , based upon steady—state demand calculations scheduled

over time according to building usage characteristics and

- 
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I
ambient weather conditions . These demands are applied to a

range of end—use equipment types available for each building

in the community, the aggregate demands of which comprise

the time—varying loads to be supplied by the thermal and

electrical energy distribution networks . The second model—

ling package utilizes the computed thermal energy demands

and the thermal energy output of the central TES power

plant as driving functions for the TUS. Included in the

dynamic models of this system ’s components are descriptions

of the major piping loops , the HTW circulation pumps, heat

exchangers, thermostatically—controlled fluid flow regula—

tiori circuitry , and a central stratified thermal energy

storage reservoir designed to smooth the system ’s thermal

energy supply and demand Imbalances over a 2~4—hour duty cycle.

Various conceptually independent segments of these

models ai-e developed in separate program units to allow flex—

Ibility In their formulation and integration into the two

packages. These sub-program units are discussed in detail at

a later point when the derivations of the individual system

cqmponent models are presented . However, a brief overview

of the general characteristics of the overall TES model is

useful in understanding how each of the sub—units is related •

to the others and how they are Integrated to yield the desired

TES behavioral Information. j
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A.2 Overall TES Simulation Model Description

For the purposes of ener gy demand modelling , it Is

assumed that all the buildings in the community are aggre— -

gated into a set of up to 20 representative energy consump-

tion categories based upon similarities In construction

characteristics and usage patterns. Building units typify-

ing each of these consumpt ion categories are fur ther aggre-

gated into from one to twenty—five Consumer Load Centers ,

th.~ distribution of which reflects the type and intensity of

use to which each geographical region within the community

is put . Figure A.l illustrates a unidirectional grouping of’

these load centers postulated for a typical large U.S. mili-

tary installation , which is fairly representative of small

industrial or suburb an civilian communities [1].

The assumed configuration for the PUS piping connecting

the load centers to the central power station Is shown In

Fig. A .2. Each Load Center Heat Exchanger is a single heat

exchanger wh ich supp lies a load center with water at a

temperature consistent with the requirements of the end—use

equipment In the buildings which it serves. All thermal

energy distribution in the piping loops shown In the figure

is through the HTW medium , although the use of low pressure

steam generators for certain process heating applications is

not precluded in sections of the utility system not included - 

- -

in the TDIST models. The Load Center Heat Exchangers may
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represent central distribution units serving several build-

ings through (unmodelled*) tertiary piping loops , or they

may represent units serving individual buildings, but each

heat exchanger specified In the system must have at least

one energy consumer assoc iated with I t .  Up to f ive Load

Center Heat Exchangers are supplied from a single Secondary

Distribution Loop . Because many of the consumers may require

water of the same temperature as others, the Load Center

Heat Exchangers are connected in parallel as shown in

Fig. A .2, with their fee dwater and re turn f l~~ s joining at

c ommon supp ly and return headers . A set of f low contrp l

valves govern the allocation of the loop fluid to each Load

• 
Center Hea t Exc hanger accor ding to its relative ener gy demand

rate. Up to five Secondary Distribution Loops , in turn , are

supplied with thermal energy through the illustrated Secon—

dary Hea t Exc hangers in ser ies with the Primary HTW Loop

flu id flowstream . In order to prov ide individual control

over the fluid flowrate through each of these heat exchangers

while maintaining the desired fluid temperatures around the
.

*Tertjary piping Is excluded from the TDIST models since it
would require a prohibitive number of additional system nodes
and , because of its sma ll di ameter and relat ively short pipe
runs , it Is assumed to have negligible effects upon the over—
all thermal Inertia or operational stability of the TUS.

--- -~ —~~~~ -
~~ -—~ —-—~
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primary loop, bypass loops are provided around each Secon—

dary Heat Exchanger, with the relative bypass and heat

exchanger fluid flowrates governed by control valves set

according to the heat exchanger thermal demands. Control

over the total primary and secondary loop energy supply

- -
~ rates is accomplished through variations in the various cir—

culatlon pump pressure settings, adjusting the loop fluid

flowrates while maintaining relatively fixed loop fluid

temperature distributions .

As is shown in Fig. A .2, the thermal energy Storage

Reservoir serves as an interface between the Primary HTW

Loop and the sys tem ’s thermal energy supply at the power

plant ’s TUS Supply Heat Exchanger. Figure A.3 shows a more

detailed view of this reservoir, while the schematic Fig. A.1
~

illustrates the method by which the two different temoerature

sections are separated for modelling purposes. During

periods of low thermal demand and excess thermal supply , the

reservoir is charged , with the temperature interface moving

into the cold water section , and the hot water volume increas-

es. When necessary , hot water Is withdrawn from the tank to

supplement the power plant ’s output . Because modern technolo—
— gy is limited to the production of pressurized steel cylinders

of the type shown with dimensions of approximately 20 ft. In

diameter and 70 ft. long [2], the actual reservoir would con—

gist of a set of these smaller tanks connected in parallel to

- ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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.,

H I G H
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_____________ WATER 
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Figure A. L~
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produce a large storage field. European experience with

this method of energy storage indicates that minimal mixing

between the two fluid temperature regions takes place if

charge/discharge cycling times are on the order of ~4— l2

hours [3] .

The assumed mode of power plant  operat ion is one of

constant total thermal power output , with the station ’s

electrical energy generation following the community ’s elec-

trical demand schedule. Thus, If the plant is rated at

100 M~ t , and the community ’s electrical demand varies from

10 M~e to ~I O MWe , the thermal power avaIlable to the TUS

will vary from 90 MWt to 60 MWt . This thermal energy Is

supplied directly to the HTW section of the storage reser-

voIr , from which it is removed through the primary loop as

called for by the PUS demand schedule.

A.3 Model Subsystem Descriptions

As Is stated above , the overall energy system model can

be broken down into several conceptually independent sub—

L - systems whose behavior can be studied separately and then

rein~égrated Into the full model. Table A.l lists the sub—

sections of the program which are concerned with each of the

separate modelling tasks and describes briefly their func—

tions within the total system model; more detailed descrip—

tions and derivations of the specific models used are presen—

ted in the following sections.

~
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TABLE A.l

TDIST SUBROUTIL’ES

Subroutine Function -

1. Main (MAIN) Data input, program flow control, time
monitor , thermostat control

- 2. Input Scaling Scales Input fluid mass flowrates accor—
(CSCALE) ding to case run multiplier (not fully

developed )

3. Consumer Heat Calculates space heating and cooling
Flow (QLOAD) loads for all building types

k. Building Load Calculates domestic hot water loads and
Distribution distributes building total energy demands

(DLOAD) among specified mixture of thermal and
electrical end—use equipment

5. Steady—State Establishes steady—state flow rates and
System (STDY) temperature distribution throughout

system

6. InitIalization Initializes dynamic analysis sections
• (SET) to converged steady—state system

condit4 ons

7. Fluid Flowrate Calculates instantaneous fluid flowrates
• (FLOWS) throughout system , monitors storage

reservoir heat flow

8. System Pressure ~aiculates fluid frictional pressureDrops (PRESS) losses , sets circulation pump pressures

9. Dynamic Energy Sets Instantaneou s system temperature
Balance (ENRG ) distribution based upon heat flow

analyses

10. Precooler Monitor Monitors heat flow through power plant
(PREC) TUS supply heat exchanger

11. Output (PRV) Prints system parameters

_ _  -
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A .3 . l  Energy Sys tem Simulat ion Contro l  (Program MAIN )

To s imDl i ?y  the ca l cu la tIon  procedure in each program

unit , the entire model system as shown in Fig. A.3 is broken

down into a set of nodes whose boundaries are determined by
-

~ such elements as pipes and heat exchangers having different

physical  properties , f luid f low and heat t ransfer  charac ter—

Istics and transient thermal behavior . A typical secondary

loop serving three load center heat exchangers thus consists

of six nodes: the three load center heat exchangers, two

lengths of distribution piping , and one secondary heat

exchanger . Appropriate boundary conditions are Invoked In

each subroutine to ensure the physical continuity of the

• 
piping loop being analyzed , but all calculations are performed

on a purely nodal basis. All nodes are indexed for simple

identification of their parameters and locations within the

system , and since heat transfer between the two nodes on

opposite sides of a heat exchanger is vItal to the dynamic

simulation development , each heat exchanger is also indexed

separately by both Its hot-and cold—side nodes. The program

Input
~
for each node consists of Its index numbers , codes for

Its type (pipe or heat exchanger , series or parallel branch,

whether or not it contains a circulation pump), its overall

-heat transfer coef ficient , and estimates of the initial

fluid mass flowrate, inlet and outlet fluid temperatures ,

and fluid density, specific heat and viscosity. Additional

- -

~ 
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distribution system Input data includes the initial volumes

of the hot and cold regions of the storage reservoir, the

HTW storage temperature, and specifications of the power

plant coolant mass f lowr ate, specific heat, and inlet and

outlet temperatures at the system supply heat exchanger.

The ambient earth temperature is specified for the determlna-.

tion of heat losses from the distribution piping and heat

conduction to the earth from the various buildings . Consumer

sector input data includes the exposed areas and thermal

r resistances of all exterior features (walls, windows , roo f,

basement) of each specified building type within the community,

specifications of infiltration crack dimensions and air flow

¶ coefficients, the building heights, the wall and roof surface

material types, peak ventilation air flowrates , peak internal

non—space—conditiOning equipment heat generation rate’- , peak

domestic hot water usage rates, shading coefficient s and

solar absorbtivities of the walls and roofs, and the building

orientations relative to North. The number of units of each

building type served by each load center heat exchanger and

the total number of buildings of each type not connected to

the PUS are input in conjunction with specifications of the

types and distribution of space conditioning equipment to be

.Lsed in the system. The desired building room temperatures ,

building usage specifications and domestic I~ot water demands

are provided in the form of hourly schedules and are used in
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c~~~~unc t i on  with hourly  air temperatures , wind vel ocities

and w in d  d i rec t ions  foz  the specified time period — in add i—

tic- n to  seasonal solar pos i t ion  and radia t ion in t ens i ty  data

— to de te rmine  the hour ly  energy demand s for the bu ildings ,

w h i c h  are aDpl ied to the therma l and e lectr ical  energy di s—

tr ib -~t i o n  ne tworks  after be ing, scaled acco rding to the sped — 
—

- 

fied end—use equ ip me nt c o ef f i c i e n t s  of per formance .  Final ly,

a f i xed power plant thermal ou tpu t  power level and e lectr ical

generat ion e f f i c i e nc y  are input in con junc t ion  wi th  hourly

n o n — s p a c e — c o n d i t I o n i n g  e l ec t r i ca l  energy demand data (e.g.,

loadi ng from l igh ts , applia nces , motors , e t c .)  to determine

the net energy avai lable  from the power plant to supply the

bui1d~ n g— s p e c i f i c  space cond i t ion ing  and domest ic  hot water

en er~ y dema nds .  Contro l  codes indicatIr 1~ the type of ca lcu—

lation to be made ( bu i ld ing  load analys is , PUS design in i t i al—

izat ion , s teady—s ta te  TUS ana lys i s , fu l l  dynamic system ana—

l y si s) ,  the s imula t ion time step in terval , and the deci red

outpu t f requency  determine the overall program flow and

i n fo rma t ion  t r a n s f e r .

In the b u i l d i n g  load a n a ly s i s  mode of operat ion , the

code co mputes  and pr in ts  out the hourly  space condi t ion ing

loads and the ir  components  for each of the speci f ied  bui ld—

ing types  to allow verification of the building input  para—

meters prior to the use of these demands in the dynamic  sys-

tem simulations . The first hourly set of demand s are

scaled by the spec i f Ied  end—use equipment coefficients of

~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~- -~~~~~~~~~~~~~ -



I~~
i_
~~~~~~~~~~~~~~~~~-~~~~ ~~~~~~~~~~~~~ T~LLT

21.

performance and the resultIng loads are aggregated according

to the given distribution of buildings and are displayed at

the load center heat exchangers to allow the calculation of

TUS system initialization or design parameters to be used as

input data for  the dynamic s imulat ions .

If only the s t eady—sta t e  TUS analysis is required in a

given run ( e . g . ,  to check a design for adhering to desired

limits on fluid f lowrates  or tempera tures ) ,  the model ca l —

culates only a single set of consumer loads , applies these

loads to specifIed supply and return temperature conditions

at the load center  heat exchangers , and determines the resul—

ting s teady—sta te  f luid flows and temperature d is t r ibut ions

throughout the RN transmiosion system based up on specified

system thermal and e lectr ical  energy supply conditions .

(See the section describing Subroutine STDY for a more

detailed analysis of the actual calculation procedures used.)

If, as will generally be the case , it is desired to

study the dynamics of the PUS behavior over a period of time

during which both the energy supply and demand conditions

will vary , Program MAIN become s the overall control and

time—monitor for the remainder of the subprograms . Unless

a detailed system description including all the nodal flow—

rates and temperatures for the specified initial conditions

is known , the model calculates the steady—state system dis—

tributions for these conditions and uses them as the input

-

~~~
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parameters to the dynamic oalculation subroutines. A clock

is set and Program MAIN sweeps the system at a rate fixed

by the specified transient time step interval. At each

time increment , the previously c omputed building load di s—
I

tributions are used to yield instantaneous thermal and

electrical energy demands through linear interpolation

between the hourly data points. These loads are applied to

the load center heat exchangers , and nodal energy and momen-

tum transfer calculations are performed to determine the net

imbalances during the time step between the system thermal

demands and the power plant thermal energy output (given by

the total station power rating, less the electrical .energy

produced to meet the electrical demands).

In addition to performing the program flow control and

monitoring functions , Program MAIN also contains the thermo-

stat models which govern the TUS response to thermal energy

supply and demand variations. Chosen as temperatures to be

monitored by these thermostats are the consumer fluid supply

and return temperatures at the load center heat exchangers

(to i~.nsure uniform operational parameters for the consumers ’

end—use equipment ) and the outlet temperatures on the primary

loop side of the secondary heat exchangers (to insure the

- maintenance of sufficiently high fluid temperatures at the

supply to the last secondary loop in the system). At the

end of each time step, after the system temperatures have

~ 

_ _  
_ _ _
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been adjusted according to the energy t ransfers  occurring

during the increment , each of these reference points Is

- 

- checked to determine if the temperatures  have exceeded their

limits. (Consumer water supply temperatures are allowed to

vary ± 5 °F from their initial design values; return temp—

eratures are allowed to vary from the minimum room tempera-

ture In any of the buildings served to 5 °F above the i r

init ial  design values. Primary loop heat exchanger out le t

temperatures are allowed to vary + 5 °F from their  desi gn

se t t ings . )  If any temperature  is found to have surpassed

its tolerances , steps are taken to re—adjus t  the loop f lu id

flowrates to correct the causal energy flow imbalances. To

accomplish this re—adjustment , a set of dummy loop fluid

flowrates are calculated which satisfy the instantaneous

energy demand conditions withi n the desired loop fluid

temperature distributions. Valves in the second ary distri-

bution loops are reset to allocate the total loop dummy

fluid mass flowrates among the load center heat exchangers

according to their relative energy demands. Independent

dummy f lowrates  are calculated for  each of the pr imary—side

secondary heat exchanger nodes based upon their thermal

deman-~s and desired inlet and ou t le t  temperatures .  The

lcr ;es t of these f lowrat e s  is assumed to occur un ier  cond i—

t ions of no bypass  flow ( i . e . ,  the to ta l  primary loop f lu id

mass flowrate  is applied to one of the heat exchangers) ,

~~~~ _ _ _ _ _  _ _ _  
_ _
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ani bypass flcvrates are established around each of the

other heat exchangers such that the dummy heat exchanger

f:owrates are maintained at their calculated values and con—

tinuity of the total loop fluid flowstream is insured. (i.e.,

~ny excess fluid over that required to supply the load for a

~:i~ -cn heat exchanger is shunted around that heat exchanger

and r e — j o i n s  the to ta l  loop flow downstream of the heat ex—

cha ~~ er ou t l e t ) .  A series of subrout ines is then called

wh ich ca lcu la te  the ioop c i rcula t ion  pump pressures corres—

~onding to - these desi red dummy flowrates , and the existing

puma prescures  are adj u s t e d  to accelerate  or decelerate the

obse rved f lu id  f lowrates  over a period of t ime golrerned by

• the input pump r e sp onse  sens i t iv i ty  fac tor . Valve models

adjust the relative heat exchanger flowrates to the desired

f low Split conditions . (See Subroutine FLOWS for further

de tails of the adjustment process). The system thus  respond s

to load var ia t ions  p r i m a r i l y  throu~, h adjus tment  of the loop

f l uid f lowra tes , a l lowing  con strained f lu id  temperature

va r i a t ions  to provide secondary  compensat ion through changes

in the in s t an t aneous  nodal heat storage and supply rates.

Dur ing  in terva ls  in w h i c h  the thermosta t  is not ac t iva ted ,

?r-o~ram t - A I N  c a lls  the  d y n a m i c  s imu la t ion  subrout ines  which

ca l cu l a t e  the i n s t an t a n e o u s  f lu id  f lows , tempe ra tures  and

pressures throughout the distribution network . A full print—

out  of these TUS parameters  and the consumer load d i s t r i b u t i o n

- —- - —- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -~~~~ -~
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is given at regular intervals as specified by the output

print code .

A . 3 . 2  Input Scaling (Subroutine CSCALE )

Originally conceived as a means for simplifying the

input data requirements for a series of simulations invès—

ti gating the e f f ec t s  upon system operation of varying only

the community ’s thermal/electr ical  energy demand rat io ,

thi s subrout ine is only par t ia l ly  completed . The use of an

input mass f lowrate scale factor  (CSFAC ) other than 1.0

will result  in the specified initial flowrates being multi-

plied by that factor prior to their use in the TUS initialIza-

tion calculations . Since neither the heat exchanger ratings

nor the fluid temperatures are scaled internally , it Is

necessary to re—punch a significant portion of the input

data when varying the demand ratio and , to avoid errors, It

is recommended that  the input mass flowrates be similarly

repunched , wi th  the value of CSFAC input as 1.0 un t i l  the

internal  scaling rout ine  has been completed .

A . 3 .3  Cons umer Heat Flow ( Subroutine QL OAD )

Using a combination of American Society of Heating,

Refr igera t ion  and Air Condi t ioning Engineers (AS HR AE)  re com—

m endat ions  [L~J and simplifications of procedures employed

in the National l3ureau of Standards Load Determination code

H - (NBSLD) [5], Subroutine QLCAD calculates the hourly net

— 
_i___ _ 
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heat losses ~gains) from each building type in the community

based upon a steady—state energy f low analysis  including the

effects of heat conduction from the building to its surroun-

dings, Infiltration and ventilation air flows , solar radta—

tion absorption and transmission , and internal heat genera-

tion from lights, appliances , people , etc. Due to the aggre—

gate nature of the building units chosen to typify the large

numbers of individual structures classified in each consumer

grouping, emphasis In the development of Subroutine QLOAD

has been placed upon the computation of building energy

demand schedules reflecting the major components of the total

building loads, but it is not as detailed nor as dynamically

rigorous as the energy transfer function analyses performed

by NBSLD . A major criterion in the derivation of the QLOAD

demand models has been the minimization of complex building

parameter specifications which would inordinately restrict

the app l icab i l i ty  of a given building unit as being t’typical”

of a f a i r l y  dIverse mixture of structures. However , enough

de ta i l  is included in the calculations that , if it IS desired

and 1~ sta t i s t i c a l l y  valid , sensitivity analyses upon the

b-u~ 1dIn~ e~ ergy demands may be performed by varying certain

desi~ rA and construction specifications on a wall—by—wall

ous is .

Some basic assumptions made in the demand calculations

are that all buildings specified are square and have symmet—

- - 
_______________________________________
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rical walls (i.e., that each of a given building ’s four H
walls is constructed identically to the others); that the

roofs are flat  (or that the input data describes a horizontal

projection of the actual roof); that building occupancy,

appliance and lighting usage, and forced-air ventilation

requirements are closely correlated and may -be scheduled

according to the same building use function; and that a

single temperature setting is to be maintained throughout

all the rooms of each building type. All loads are calcu-

lated under instantaneous steady-state heat transfer condi—

tions, and no consideration is made of such effects as the

thermal Inertia of the building walls or of energy transfers

among regions within the building .

The first component of the building heat loads calculated

in Subroutine QLOAD is that due to the combined effects of

Infiltration and ventilation air exchanges. For the purposes

of this analysis , infiltration is defined as any air flow

occurring as a result of wind and stack effect Induced

pressure differentials across cractc s permeating the building ’s
— exterior surfaces .  Ventilation air f lows are those air

exchanges scheduled by a building ’s occupants , either by the

use of air circulation equipment or by opening windows .

Infiltration is calculated in ‘~ :ro~ tIne qL~AP ac~ ordIng to

the carck factor method described in the User ’s ~anua for

NBSL D [6]. In general , the pr~-ssure loading cn a given wall
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c-~nsists of two components: that due to differences in the

temperature and density of the air between the base and top

c— f the wal l  (stack effect air convection ) and that due to
t

~.-;ind pressure on the wal l ’ s exter ior  surface.  A simplified

formula for determining the net stack effect pressure on a

- 
- 

wall Is given by Eq. (A.l).

-c PC = 5.3508 BR 
~TOAB 

- TIAB~ 
(A.l)

The conversion factor  of 5 .3508 includes the dimensional

conversion factor  of 7 . 6 L ~ (i n.  J-12 0— °K/ft ) mul t ip l ied  by 0 .7 ,

since , according to ASHRAE, the net effects of a dIstributed

stack e f f e c t  pressure loading may be approximated by a

single load concentra ted at 70 % of the bui lding ’s height [a] .
The theore t ica l  direct  normal wind-inauued pressure loading

on a wall is given by Eq. ( A . 2 ) ,

F,! = o . o o o~ 82(wv ) 2 (A . 2)

whe re the mul t ip l i e r  of 0 .000 1~82 converts  (mph) 2 to a pres—

sure d i f f e r e nce in inches of water , re la t ive to normal at inos—

pheric pressure.  However , si nce the ideal cond i~t ions un der

which  th is  theore t ica l  loading is derived are seldom observed

In practice , the pressure computed in Eq. (A.2) must be

scaled to account  for the actual  bu i l d ing  or ientat ion and for

empirically—determined wall surface pressure reduction effects

[6]. Figure A.5 illustrates the definition of the relative
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Figure A.5

Definition of ~1all Normal and Wind IncidenceDirections Relative to North
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wind Incidence and wall normal directions as they are used

in Subroutine QLOAD . Walls are numbered clockwise from

the North, with #1 being the reference wall for normal angle

WA . Because the air flow will , In general, be neither normal

nor parallel to a given wall, the normal pressure term corn—

puted in Eq. ( A . 2 )  must be mul t ip l ied  by normal and oblique

air flow correction factors which depend upon the angle of

- I wind incidence relative to the wall’s orientation as shown

in Table A . 2 .  Once these coef f ic ien ts  have been determined

for a given wall , the wind pressure on that wall  is computed

through 
- 

-

PW = (PTKN)(PTKO )PV . (A.3)

It should be noted that PW may be wither positive or nega-

tive depending upon whether the wall  being examined is on

the windward or leeward side of the building. For conserva-

tism, it is assumed that the stack effect and wind pressure

loadings on a given wall add to produce a total  pressure

difference of

PT= PW + PC. (A.~~)

Once the total pressure difference across a crack is known,

the volumetric air flowrate through the crack may be deter—

mined through the use of inf i l t ra t ion  coe f f i c i en t s  based

upon ASHRAE tabulated air flow measurements [6]. Table A.3
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TABLE A.2

NORNAL AND OBLIQUE AIR FLOW WIND PRESSVR E

CORRECTION FACTORS
- (from Ref.  6)

Angle Between Wind Correction Factor
Incidence Direction Normal Oblique
and Normal to Wa ll I (PTKN) ( PT KO )

_45°<x(1)<+L~5° 0.60 COS(Ix (i)I)

90°<x (I)<270° , or —0 1 0
—90°<x(i)<—2 70°

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

or —0.70 COS ()x(i)J)

.
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lists the air flow coefficients — determined for several

types of cracks — which are used in the general infiltration

formula

N
(LI )1 = (CL).(C1)(PT) 

I (A.5)

In SubroutIne QLOAD , infiltration air flowrates ~re computed

in this manner on a wall—by-wall basis for cracks around

doo rs , windows and in the structural walls , and the resulting

P components are summed to produce a net total  inf i l t ra t ion

air leakage for the building .

For many types  of small buildings , such as single family

homes, infiltration heat losses dominate those due to venti—

lation . However , for large commercial buildIngs , which are-

generally better constructed and are regulated by municipal

building codes , ventilation is the dominant mode of’ air

exchan~;e. In Subroutine ~LOAD , ventilation is scheduled

accor-i~.ng to each building ’s occupancy—related use factor as

Is showr. in Eq. (A.6).

VLEAK = (BUF)(AINFL) (A.6)

DurIng every simulation time step , each building ’s Infiltra—

tion and ventilation air flowrates are compared , and the

larger Is used to determine the building ’s instantaneous air

exchange heat loss rate through

I

--‘~~~~~~~~~~L Z ~~~~ ~~~~~~~~~~~~~~~~ -
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TABLE A .3

INFILTRATI ON AIR FLOW COEFFI CIENTS

( fr om Ref .  6)

C N

1. Double-hung wooden windows(locked)*
non—weatherstripped loose fit - - 6 o.6~average fit 2 0.66
weathers t r ipped loose f i t  2 0 .66

average fit 1 0.66

2. Window frames *
masonry frame with no caulking 1.2 0.66
masonry frame with caulking 0.2 0.66
wooden frame 1 0.66

3. Swinging doors *
1/2” crack 160 0.5
l/~i” crack 80 0.5
1/8” crack ~40 0.5

I4~ Walls**
8” plain brick 1 0.8
8” brick and plaster 0.01 0.8
13” plain brick 0.8 0.8
13” brIck and plaster 0.OO~ 0.7
13” brIck , furring, lath and plaster - 0.03 0.9
frame wall , lath and plaster 0.O1 0.55
214” shingles on lx6 boards on 9 0.66

114” centers
16” shingles on 1x 24 boards on 5 0.66

5” centers
214” shingles on shiplap 3.6 0.7
16” shingles on shiplap 1.2 0.66

‘Values of C listed for these openings are per linear foot
of crack length.

“Values of C listed for the walls are per square foot of
surface area.

— - 
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QLEAK ( Pa0pa? (ALEAK )TSE
_ TAIR) . ( A . 7 )

(The infiltration and ventilation flowrates are not summed ,

since it is assumed that , to some extent , one substitutes for

the other in determining overall building comfort levels.

A comparison between the two components allows , for example ,

ventilation to be turned off at night, with Infiltration

remaining high due to high winds).

In order to determine the effects of solar radiation

absorption and transmission ‘ipon a building ’s total space

conditioning energy demands, it is necessary to first deter-

mine the direction and ir.tenslty of the sun ’s rays striking

the four walls arid roof of the building . In Subroutine QLOAD ,

the direction cosines of a direc t solar beam are referred to

the normal to a horizontal surface as is shown in Fig. A .6.

At any time during the day, the solar hour angle relative to

the horizontal surface normal is

H = 15 (TIME — 12) . (A.8)

:t~~~~’~

I COS(H)I > I _TAN(LAT)*TAN (o)~
4

the sun has risen above the horizon , and the direct solar

beam direction cosines are defined by

-U
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Figure A.6

Definition of Solar Beam Direction Cosines
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COS(Z) ~ SIN (LAT)*SIN(6)+COS(LAT)*COS (6)*COS(H),(A .9a)

O O S ( : )  = COS (~~)*SIN (H), and (A.9b)

CDS(S) = (1 - COS 2 ( Z ) - COS 2 ( W ) ) 0
~

5 
, (A.9-c )

where

COS(S) > 0, if COS(H) > TAN (~ )/TAN(LAT) .

(5 is the angle of solar declination , obtained from the

monthly data in Table A.’4).

The intensity of the direct solar beam under cloudless

conditions is given by

DNSI = ASC * exp(—AEC/COS (Z)) , ( A . l O )

where ASC and AEC are the Apparent Solar Constant and Atmos—

pheric Extinction Coefficient obtained from the monthly

solar incidence data summarized in Table A. -14 . The angle of

incidence of this direct radiation relative to the horizontal

normal to each of the building ’s four walls is given by

COS(0 1 ) = SIN(SWA i)*COS(W) + COS(SWA1)*COS(S), (A.lla)

where DWA is the orientation of the wall being studied rela—

tive to South (i.e., angle WA as defined in Fig. A .5, minus

180 degrees). The cosine of the angle of direct solar m ci—

dence upon the building ’s (flat) roof Is

_______ ________________ - _
~~~~~~

-
~~~~~
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TABLE A. 14

SOLAR INCIDENCE

(from Ref .  7)

Apparent Solar Solar Atmospheric Sky
Constant Declination Extinction Diffuse

Date (BTU/hr—ft 2) (Degrees) Coefficient Factor

Jan. 21 390 —20.0 0.1142 0.058
Feb . 21 385 —10.8 0.11414 0.060
Mar. 21 376 0.0 0.156 0.071
Apr. 21 360 11.6 0.180 0.097
May 21 350 20.0 0.196 0.121
June 21 3145 23.145 0.205 0.1314
July 21 314 14 20.6 0.207 0.136
Aug. 21 351 12.3 0.201 0.122
Sept. 21 365 0.0 0.177 0.092
Oct. 21 378 —10.5 0.160 0.073

• Nov. 21 387 —19.8 0.1149 0.063
Dec . 21 391 - - 

—23.145 0.1142 0.057

(1)Data values listed are for the Northern Hemisphere; for
Southern Hemisphere locations , the values of AEC and SDF
should be shifted by six months .

~~~~~~~ _____
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. cos(e r ) = COS(z) . (A .l lb )

The intensi ty  of the direct solar radia tion s t r ik Ing  each of

these surfaces is determined by the intensity of the direct

normal solar radiation at the computed incidence angle,

modified by any existing surface shading. - 
-

DSI1 
= FWLIT1’DNSI’COS(01) (A.l2)

Diffuse solar radiation striking the building ’s surfaces

under cloudless conditions obtains from diffusion of the 
-

~~~

direct solar beam as it passes through the atmosphere ,

‘da 
= DNSI’SDF , (A.13a)

• where the Sky Diffuse Factor SDF is obtained from Table AJ4 ,

and from radiation reflected from the ground ,

‘dg 
= Pg(Ida + DNSI*COS(Z)) (A.13b )

where for most surfaces the ground r e f l e c t i v i t y  P g . 
0.2.

For a horizontal surface , the incident diffuse solar radia—

tion Intensity is ‘da’ For a vertical surface , a scattering

factor must be computed to yield an effective angle of inci-

dence for the radiation [8].

= 0.55 + 0.1437 COS(O~ )+0.313 C0S
2(91), ( A . 114a) 

—

or, if COS(01) < — 0 . 2 ,

- -~~~~~~ .--- — =—~~~ ~~- -=-~~ ~~~~~~~~~~~~~ 
-
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= 0.45. (A .l14b)

The total intensity of the diffuse radiation striking each

of the building ’s walls Is thus

DFSI1 = 
~~da*Yi + SIdg )*~~~~Ti ~ (A.r5a)

and -of that striking the roof ,

- 

- 

DFSIR = Ida*~~~~Tr (A.l5b )

Heat gained by a building from the sun may be attributed

to two effects: the internal absorption of radiation trans.-

mitted through windows , and the absorption of radiation by

the wal1~ and roof. The solar heat gain through a building ’s

windows is obtained through the calculation of a window

solar heat gain factor based upon polynomial expansions of

the window ’s solar transmissivity and absorptivity [9,10].

SHGF1 =D SI1’F11 + 2*DFSI1*F12 + O.267( DSI1 *Fi3

+ 2*DFSI1*F14) (A.l6)

The factors F11
_F
~ 14 are the transmission and absorptIon

coefficients obtained from the expansions for 1/8” thick

:.~ n-~1e plate glass:
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5

Direct transmiSsiofl F11 ~ T.COS~ (0i
) ,  (A.17a)

j=0 J

5

- - 

D I f f u s e  t ransmi55i°~ F. = E T / (j + 2 ) ,  (A . 17b )

-

~~~~~ i2 
-

-J 
5

- 

- 
Direct absorption F13 

= ~~A~ COS ( e~ )~ and (A.l7c-)

5

Dif f use absorption F~~ = t A~/(J+2) , 
(A. 17d)

-

~ 
j = 0  ‘-‘

where the polynomial 
coefficients 

~ 
and T~ are g

iven in

Tab’e A .5. The factor  of 0 .267  ~u 1tip 1yiflg the radiation

absorPtion term in Eq. 
(A.16) arises from a 

comparison of

~ypica1 inner 
and outer glass surface 

thermal resistances ,

and it is used to 
approximate the ratio of 

inward to outward

heat flows due tO radiation absorbed b~ 
the glass [10~ .

The rate of solar heat 
gain through the wifldOW S 

in wall I is

given by the product 
of the solar heat gain 

factor for those

uindoWS , the window area 
in that wall (assumed 

to be i/4 of

the total building window 
area due to the symmetrical 

wall

~~sumption), and 
an internal windoW shading coefficient

depending upon such factors 
as double glazing, 

tinted glass,

~nd the 
use of drapes , blind s, 

etc.

QWDSG1 
AWD1*SHGF1’~~

S0 
(A. 18)

Representati~~ 
shading coefficients are 

listed in Table A .6

— 
___________ — ___________________
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TABLE A .5

POLYNOMIAL COEFFICIENTS USED IN CALCULATION OF

WINDOW SOLAR HEAT GAIN FACTORS

(from Ref. 9)

Single Glazing , 1/8” sheet -

j. 
~~~~~.

0 0.Oll5’3 —0.00885
- 

- 1 0.7767-14 2.71235

2 _3.911657 -0.62062

3 8.57881 —7.07329

14 —8 .38 135 9.75995

5 3.01188 -3.89922

L

________
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TABLE A.6

WINDOW SHADING COEFFICIENTS

- - WDSC - 

- 
4

TYPE OF GLASS

Regular sheet: 3/32 — 1/14 0.95 — 1.00
1/14 — 1/2 0.88 — 0.95

Grey sheet : 1/8 0.78 — 0.80
1/14 0.86 — 0.88

Heat—absorbing plate : 1/14 0.70 — 0.714
1/2 0.50 — 0.57

TYPE OF SHADING

Venetian blinds: medium 0.142 — 0.64
light 0.140 — 0.55

Roller shade : dark opaque 0.36 — 0.59
white opaque 0.25 — 0.28
translucent 0.31 — 0.39

Draperies 0.35 — 0.80

Louvered sun screens 0.15 — 0 . 140

• - S S

_ _ _ __ _ _ _ _ _  

__j
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for a variety of common glass types and room decors; more

extensive tabulations are found in ASHRAE [14], pp. 1402—1408.
— The individual—wall solar heat gains are added to produce a

total window solar heat gain for the building .

The effects of solar radiation absorption and reflection

at the bu Liding ’s wall and roof surfaces may be approximated

— by the use of a surface “sol—air ” temperature In the building

component ’s steady—state heat conduction equation [14]. The

sol—air temperature for a surface is given by

TSAi = TAIR +SAB1’(DSI1 + DFSI~ )’HO1 , (A.19)

where SAB1 is the solar absorptivity of the surface and 1W1
is the surface convection heat transfer coefficient . Table

A.7 lists several absorptivities for typical building xnateri—

als, a more extensive summary of which is given in Ta.~le C6

of NBSLD [5]. The convection heat transfer coefficient for a J
surface depends primarily upon the velocity of the wind strik—

ing the surface and the roughness of the surface material:

HO1 2 , (A.20)
Cai*(WV) + Cbi*(WV ) + C~1

wherE the coefficients ~n this formula are functions of the

surface material type as given in Table A .3. To determine

the net heat conduction rate out of the buUding through its

walls and roof , inoluding th~ effects of solar heatIng, the 

- --—-~~~--~~~~ -•-- - -~~~~~~ - - -
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. TABLE A .7

SOLAP. A3SG~~F T F f I TI E S  OF T Y P I C A L  E CILDI ~~G MATERIALS

(from Ref. 5)

- 
- 

MATERIAL SAB

br ick :  red common 0 .68
light buff 0.36
white glazed 0.26

Tiles: dark clay 0.82
red 0.67
b rown concrete 0.85

RoofIng~ asphalt 0.9i
bituminous felt 0.89
black matte sheet 0.97
blue slate 0.86

Wood 0 .7 8

Marble 0.58

White plaster 0.29

___________________ ~~~- -—- ~~~~~~~ -- - ~~~
— 

__________
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TABLE A.8

COEFFICIENTS USED IN CALCULATING SURFACE

CONVECTION HEAT TRANSFER COEFFICIENTS

(from Ref’. 5)

MATERIAL Ca 
- 

C

-~~ Stucco 0.0 0. 14614 2.0 14

Brick , rough plaster 0.001 0.320 2.20

Co ncrete  0 . 0  0 .33 0  1.90

Clear pine — 0 . 0 0 2  0.3 15 1. 145

Smooth plaster 0.0 0.21414 1.80

Glass , white paint
on pi ne —0.00 12 5  0 . 2 6 2  1.145

1~ 
. 

-

~~~~ ~~~ 
•
~~~~~~~~~~~~ 

-- - 
~~~- ~~~~~~--~~~~~~~~~~ - -— — - -  - ~~~~~ --~~~~~~

— - —

~~~~~
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~~~~~~~~~~

- . -
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wall and roof material heat transfer coefficients are cal-

culated by

AW1 AWD
AUW 1 RTW 1+ WHO1 

+ RTWD1 
(A.2la)

and

AUR = RTR 
AR (A .21b )

The total heat conduction rate to the ambient air is obtained

by ~dding the - components for the four walls and the roof:

- I QCON Da = ~ AUW 1*( TSB _ TSA1) + A U R * ( T S B _ TSAR) .(A.22)
1=1

•
The heat conducted from the building to the earth is

QCONDg = AUG* (TSB - TSB2
+ TAI~B) (A.23)

where the average between the desired building temperature

and the ambient earth temperature is used to account for

heating of the soil in direct contact  wi th  the bu i ld ing .

The total heat conduction rate from the bui lding is given

by the sum of this ground loss and the heat lost to the air .

Energy f lows due to the production of heat wi thin  a

building are lumped into a single term account ing for light-

ing, appliances , people , etc., which are scheduled according

to the building ’s occupancy—related use factor as

— -~~~~-~~---~~~~~~~~~~ - - -- -
~~
—--

~~~~~~~
- - - - -
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QLIG = (BUF)(POL) . (A.214)

Finally , the net tátal heat loss from a building due to

these component energy flows is given by

QL = QCOND + QLEAK - QWDSG - QLIG . (A.25)

It should be noted that , as defined here, a positive heat flow

indicates a net heat loss from the building to its surroun-

dings.

A .3.14 Building Load Distribution (Subroutine DLOAD)

In Subroutine DLOAD , the building heat losses (gains)

computed in Subroutine QLOAD are applied to the TUS load

center heat exchangers and the electrical supply network

according to the specified distributions of buildings and

end—use equipment in the community being studied . When

translat ing the heat losses to u t i l i t y  system demands , care

is taken to include the effects of variations in the end—use

• equipment coefficients of performance with changes In the

building room and ambient air temperatures. A printout of

the community load distribution is provided at regular inter—

vals during the simulation as specified by the user—defined

-~~ t t  code. Since the demands in Subrout ine QL OAD are cal—

culated only at hourly intervals , Subroutine DLOAD computes

hourly load distributions which are used as ±no’uts oo linear

- — -- --- - — —--—-- 

~~~~~~ ~~~~~~~~~~
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interpolation equations in Program MAIN to prodi~ce the can—

tinuous load schedules required for the dynamic system analy—

sls. ~insoantaneou s distributions may be calculated by Sub-

routine DLOAD at any time during the simulation as called

for by the output schedule , but these instantaneous values

are based upon linear interpolations between previQusly com-

puted hourly data points.)

Associated with each load center heat exchanger in the

TUS are a set of six numbers for each building type in the

cornrriunity : the  number of units of that building type served

by the heat exchanger , and the numbers of’ compressive air

conditioners , absorptive air conditioners , heat pumps , hot

water space heating units and resistance heaters within these

buildings . (e.g., load center beat exchanger #5 might serve

20 units of building type 1, of which 11 have absorptive air

conditioners , 9 have compressive air conditioners , 7 have

heat pump s, 13 have ~.:t water heat , and 0 have resistance

heaters.) At each h o u r l y  interval , all the specified build—

ing types are examined at each heat exchanger to determine

hciw many , if any , of each type have equipment connected to

th e TUS at that  po in t .  The to ta l  sp ace—condi t ion ing  heat

loss from these buildings is then calculated by

= * QL1 , ( A . 2 6)

whe re QL 1 is the net hea t loss (ga in )  from one unit  of bui ld—



T r
~

I.I
~

149

ing type I computed in Subroutine QLOAD (or is an off—hour

load obtained through linear interpolation between two

hourly values), and the superscript indicates the calcula—

tiori is performed for buildings served by heat exchanger k.

Domestic hot water energy demands are also computed in Sub—

routine DLOAD for each of the bu i ld ing  types according to

the user—specified water consumption schedules through

QDHW~ = NU~ * WUF1 * DHW1 . (A.27)

(The service hot water demands are computed here rather than

in Subroutine QLOAD as a matter of convenience. They are

added to the net space conditioning loads and cannot be us-e d

to offset building heat losses computed in QLOAD).

After computing the aggregate space conditioning demand

for a given building type at a given load center heat exchan—

ger , Subroutine DLOAD determines whether this demand is due

to space heating or cooling and applies it to the appropriate

end—use equipment for that building type. If the load is due

to space cooling , it may be su~plI-~d by either electric com-

pression air conditioners or by hot water (or low pressure

steam) liquid abs-~r’ption chiIl-~rs , If the outside air temp —

erature is greater than tho desired within the buIlding.

If ‘he o - u t s i ~~e a i r  ~em~:~ r ~t~ r-:- i~ iow~r t h -~n t he  de~ ire d

room temperature (‘he c~ o1~ r~ load r- -:~~ tin~ from Internal

heat g e n e r a t I o n  — -~r solar hea In ~~) ,  I ’  Is assum e d t h a t  venti—

~1

~~ L~. - - 

- 
- -

— 
~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ — -
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lation will  be increased to cool the bui ld ing,  and no loads

are applied to either type of air conditioning equipment .

( This criterion may be employed by the user to insure cer-

tain buildings of not being cooled by simply specifying their

desired temperatures to vary exactly with the known ambient

- . air temperature schedule). If the outside air temperature

exceeds the room temperature , the nominal coefficient of per-

formance of each air conditioning unit (defined at an air

temperature of 90 °F and a room temperature of 75 °F) is

scaled according to the theoretical Carnot cycle performance

for a refrigerator :

COP’ = COPQ (~~~~
8037 ) , (A.28)

TIAB

where the 0.028037 factor is defined by the ideal Carnot

heat engine efficiency at the specification temperatures:

1 — TOA B 1 — 90+ 1460 1 0 02 80COP5 TI AB - 

75+1460 - - . 37

It should be noted that COP0, the nominal coefficient of

performance for the given air conditioning unit at TOAB =

550 °K and TIAB = 535 °K , should not be the theoretical

Carnot cycle COP under those condit ions , but should re f lec t

the manufacturer~s specifications for the actual units in—

stal led in the system . The Carnot cycle e f f i c i e n cy  is merely 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

-~~ 
-
~~~ 

-- - ~~~~~~~~~~~~~~~~~~
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used by Subroutine DLO A D as an approximate indicator of the

relative behavior of the actual COP as the room and air

temperatures vary over -time . Applying the COP ’ computed for

each of the air conditioning un i t s  to the aggregate loads to

be me t by those uni ts , the to ta l  energy dcmands for space

cooli ng are determined by -

-
- 

I 
electric compression: QCMP~ = F~~ *Q~ /BCMP , and (A.29a)

thermal absorption: QABS~ = (l_ F
~i)*Q~/BABS ,(A.29b)

whe re ~~~ is the ratio of electr ical ly supplied space cooling

to the total space cooling loads for building type I at heat

exchanger k:

k 
- 

NCMP~
Fei — . (A .30)

NCMP1 + NAB S~

(ECMP and BABS are the scaled COP ’s for the compressive and

absorptive air conditioning units , respectively).

Space heat ing  de mands are t reated analagously to cooling

loads. If the outside air temperature exceeds the desired

room tempera ture  for a given bui ld ing  type , no space heat ing

demand for that building type is applied to the energy dis—

trihution networks . Heat pump COP’ s are defined at conditions

~~~~ 32 O p  a~r temperature and 68 °F room tempera ture , wi th  the -~~

i d e a l  Carnot cycle efficiency factor being

~~~-~~
--  

~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~ - 
- —-

~~~~
. - - -

~~~~~~~~~ --~~~~~~~~
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cJp5 
= l_

~~~~ = ~~~~~~~~ = 0.068182.

V a r i a t i on s  in either temperature from these set—point con—

ditions cause the COP to be modified according to

COP - ’ = COP ( 0.068182 ) ( A . 3 l )
1 TI AB

T~e space heating demands may be suppfled by heat pump s, hot

water heat , -or by electric resistance heaters , w i th  the loads

a:plied to the utility systems being determined by

electr ic heat p u m p s :  QHPM~ = F~~ 1*Q~ /BH PM , (A.32a)

hot water : QHW S~ = F
~~ 1*Q~/E~ WS , and (A .32 b)

resistance: F~1*Q~/ERES , (A.32c )

;- -here  the load fr a c t i o n s  fo r  bu i ld ing  type I at heat exchanger

k are def ined , in general , b y

k
k 

- 

N~~4
k

~~ y}i~ r -: ’: + - [
~ + NRES

~1 i

Al l  ~~~~~~~~~ r~umas  the syctem are assumed to be provided with

auxIl iary re :—Istance heating coils. At each hourly interval ,

the sca l e- i  heat ruro ç OTT ( P H P ~~) is compared with the COP of

a res i~~tance heating ~r~~t (PRF.c , assumed to be 1. 0 ) ,  and if

- - _______
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the heat pump COP is less than that of the resistance heater ,

all heat pump loads are transferred to their resistance

back—up units.

Domestic hot water demands are assumed to be supplied

through the use of hot water heat exchangers In buildings

supplied w I t h  hot water heat from the TUS, or through the

- - j use of electric hot water heaters in buildings containing

heat pumps or resistance space heaters . The service hot

water demand s represent an additional heating load which may

be conceptually applied to the same type of equipment as

that supply ing  the space heat ing requirements .  Therefore ,

for buIldings with domestic hot water loads , the equipment

energy demands computed on Eqs. (A.32b ,c)  are mod if ied tO

yield

ho t water :  QHW S~ = QHWS~~(sp ace heating ) +

k k (A. 3 11a)
Fh i  *QDHw /EH1~JS and

res i s tance :  QRES~ = QRE S~~(space heat ing) +

k k k (A.314b)
(F
h i +F

i)*QDHWi/ERES .

Thi s load analys is  is performed for every bui lding type

at each load center  heat exchanger for each hour of the

simulation period . The resulting thermal demands defIne the

distributed hourly load schedules to be met by the TUS, and

the e l e c t ri c al d e m a n d s  are ag c reg a t ed  to form one component

! ~~~~~~~~
--

~~~-~~ 
- 

-

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~To: _ 
~~~~- —-i ~
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01’ the community ’s electrical load schedule. In addi t ion

to the buildings served by the TtJS and distributed among Its

iocd cen t er hea t  exchangers , there may be several buIldings

in the community which are not provided w i t h  HTW service

b u t  w h I c h  are suppl ied with e lec t r ic i ty  from the TES power

o T a m . .  For the purposes  of calculating these “external

s:~s~ em ” loads in P ub r o u o in e  DLOAD , all of the uni t s  of a

g i-;en b u l l - d i n g  type  not served by the TUS are aggregated into

a sI ng l e group ing,  independent ly  of their ac tual  geographical

locati ons wItnin the community . (Since no detailed analysis

Is performed on the electrical distribution network , there

Is no need to specify transmission distances to these con-

sumers.) Proceeding analogously to the computations described

above for  those bui ld ings  connected to cr.e TUS , the ex terna l

system energy demands are calculated as follows.

1) Total space condi t ioning demand for  all un i t s  of build-

ing type I not servied by the TUS :

• 
QEXT1 = NUE X 1~ QL1 , (A.35 )

where QL1 Is the hourly demand computed in ~T~~ rootine

QLOA D , or is an Interpolated load if the demmds are

bei ng computed during one of the s ir n u l a ’i - : r - ~ h -c ore .

2) Total domestic hot water energy demand for all u n i t s  of

bui lding type 1 not served by the TUS:

QDEXT1 = NU EX1*WIJ F1*DHW 1 . (A .36)
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3) Total compressIve air conditioning energy demand for

all units of building type 1 not served by the TUS:

QCEXT1 
= QEXT~/BCMP , (A.37)

where QCEXTi is defined for TOAB > TIAB1, and BCMP is

the air conditioner COP scaled according to the rela—

tion in Eq. (A.28). It should be noted that all build—

ings in the external system requir ing cooling are

assumed to be served by compressive air conditioning

units. Those few building not served by the TUS using

F absorption chillers will also have in—house fossil—

fired furnaces to supply their heating loads — due to

the high cost of installing and operating dual heating

and cooling systems — and , for the purposes of this TES

analysis, will have no effect upon the overall energy

system design .

14) Total heat pump energy demand for all uni t s  of bui ld in~
type I not served by the TUS:

I
QHEXT1 

= FHPEX 1*QEXT /BHPM , ( A . 3 8 )

where all space heating demands are defined only for

TOAB < TIAB1, and QHEXT1 is zero if the scaled COP

(BHP M , from Eq. (A.3l)) iS less than 1.0.

5) Total resistance heat ing energy demand .for all u n I t s  of

buildin g type I not served by the TUS :

L ~~~~~~~~~ ~~ - 
-— --

~~~~~~ 
_ _ _ _ _

—,=--— ~~~~~~~~~~~~~~~~~~~ ~~~- . .  
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Q~EXT 1 = F~ EXT~ *QEXT1/ERES +

(FREXT. + FHPEX 1)*QDEXT1/ERES , (A.39)

- 
- 

and QREXT1 includes the heat pump space heating demands

- - 
if the heat p ump COP is less than ERES .

~ ) Total hot water energy demand for all units of building

type I not served by the TUS:

QHWEX1 = ( 1 - FHPEX~ - FREXT~ )*(QEXT~ + QDEXT1)/EHWS

- 

- 
(A.-40)

This demand is assumed to be supplied by in—house fossil

fuel furnaces and is not applied to the TES analysis
0

(other t h a n  as an entry In the external  system bui lding

load distribution summary). Although , as is described

above , it- Is assumed that any external system buildings

conta ining absorptive air c onditioning unIts will also

con tain fossIl—fired furnaces and will n ot  affect the

• TES analysis , present con stru ct ion prac ti ces i - -m ~~r o r ’a t e

that it Is very li~-:ely that a bui liing having an In—

house fossil furnace will also h a sp  c- omn r ~-~~s~ ve air

c o n d i t I o r T c ~~. Th~’se b u Il-~ir.gc will ~ff’~c~ he o~ a1

electrical l-c a~ s to be by ‘he s p ia~~ .

‘hey mu st therefore be 1 r c I ~~-~~ i ~r . his I e~ and i r a l v  ~I5.
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• In order to compute the total system hourly electrical

energy demands , the e lect r ica l  demands computed in Eqs.

(A.29a), (A.32a), and (A.314b), summed over all the btiilding

types and all the load center heat exchangers , are added to

the total  external  sys tem electr ical  demands. These hourly

space conditioning and domestic hot water loads are trans-

mit ted to Program MAIN , where they are added to the aggre-

gate non—space—conditioning electrical load for the commu—

nity to produce the hourly total electrical demands to be

met by the TES power plant electrical output .

A .3.5 Steady—State System (Subroutine STDY)

Subroutine STDY is an iterative steady—state heat flow

subprogram which establishes the nodal fluid flowrates and

temperatures throughout the T1J~ for given thermal load and

supply conditions. The essence of the routine lies in a

steady—state heat balance performed on each of the nodes

which requires equality between the convective and conr~uctive

heat f lows from the node. The f u r t h e r  r equ i remen t s  of con-

t i nu i ty  of the tempera ture  prof i l es  and f l u id flows across

the boundaries between consecutive nodes within each loop

serve to physically join the separate nodal parameters and to

insure conservation of energy and momentum ar un-i the lc crs.

The loop flows and temperatures resulting from ~he heat

bal ance are a d j u s t ed  I t e r a tiv e l y  u n t i l  the s y o ~ em c -n ’.e- ’~ es

to the conditions satis ’ying both nodal and total system

________________________________________________________________________________ 
~~~~~~~~~~
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energy balance.

The bases of the nodal heat balance calculation are the

steady—state convection-and conduction equations given by:

convection : NASS*CAP*(TI_ TO) , and (A.Lll)

conduction : Q AUF~DTLM . (A . ’4 2)

DTLM is the log—mean temperature difference between the

fluid in the node and the fluid to which heat is being

transferred and is expressed by:

DTLM = 
TN 

TN (A.  ~ 3)l n ( ~~~)

• where TN = temperature difference across the node inlet, and

TD = temperature difference across the node outlet .

For a length of pipe transferring heat to the earth,

Eq . (A. -142) becomes: -

= (AU F ) ~ [
~ (

TI:TAMB )l (A.-1414)

- 
L~ 

TO-TAMB J
0 -—

since the earth temperature is assumed to be constant  along

the length of the pipe. Cdmbining Eqs .  (A. 14l) and ( A . 1 4 1 4 )

yields the following expressions for the nodal in le t  and

outlet fluid temperatures for a length of pipe:
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TI = TO exp [AUF/(MASS°CAP)] + TAMB Cl — exp[AUF/(MASS’CAP )il ,

- (A.145a)

and

TO = TI exp [~.AUF/ ( MA S S* CA P ) J  + TAMB~~- expE—AUF/(MASS*C~PY ,

(A.L15b)

All heat exchangers are assumed to be of the single—pass

counterflow type’. Designating the node being analyzed as

the “1” or “primary ” side of the heat exchanger and the oppo-

site node as the “2” or “secondary ” side ,” the conductive

heat flow out of the primary side can be expressed by:

(see Fig. A.7 for reference)

(T11 —T O 2) — (T01 — T 12)Q = (AUF) * TI -TO2 
. (A.-146)

in 
~TO~~— TI2~

‘If it is desired to use a d i f f e r e n t  conf igura t ion  in the
actual TUS design , a conversion factor may be applied to the
heat transfer coefficient of the actual heat exchanger to
transform It to an equivalent counterfiow heat exchanger for
the purn o ses  of thi s model .  [ll~

~~~~. t h i s  c o n t e x t , “pr imary ” and “ secondary ” are not neces— H

uarily s y n o n y m o u s  w i t h  hot  and cold. The analysis developed
here is in dependen t  of the side of the heat exchanger being
stu die d; It’ the “1” side is the cold side , the heat transfer
out of the rode will simply be negative.

- - - - —-
~~~~~~~~ 

-- - -—
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Figure A.7

Counterfiow Heat Exchanger Schematic

T I 1 TO 2

MASS 1 MASS 2

TO 1 T I 2

A 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The steady—state convective heat transfer rates on both

sides of this heat exchanger must be equal to the conductive

heat flowrate between them and are given by:

= MASS1’CAP1’(T11
.- T01) ,  and (A.-47a)

= MASS 2 ’CA P 2 ’( T02 — T 1 2 ) . ( A . 1 4 7 b )

Combining Eqs. (A.146), (A.47a), and (A.-147b ) to eliminate TO1,

the primary nodal inlet temperature is determined by the

relation :

[MASS ‘CAP 1
LMASS, *CAP 

— J 2 2
TI1 

= 

i 
- +TO2 (A.148 )1 - exp [.~

uF(MA33 *cAP 
- 

MASS1*CAP1
)] -

A closed solution for all the nodal fluid mass flowrates

and temperatures can be obtained only when information is

available regarding the total thermal demands at each load

center heat exchanger and the TUS steady—state heat input.

In practice , Subroutine STDY requires as input data the inlet

and outlet temperatures and fluid flowrates on the consumer

sides of all the load center heat exchangers, the primary

HTW loop fluid flowrate , and the primary loop fluid supply

temperature at the storage reservoir . (See Fig. A.2 for a

schematic representation of the TUS.) Subroutines QLOAD and

DLOAD determine the s t e a d y — s t a t e  loads to be applied to each

load center heat exchanger , and the required fluid flowrates 

_ _
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are calculated to supply these loads within the user—defined

heat exchanger temperature limits. The primary loop steady—

state energy supply data are specified by the user according

to the desired system design . Estimates of the total loop

fluid flowrate and of the load center heat exchanger parallel
ii

branch flow splits in each of the secondary distribution loops

may also be supplied to Subroutine STDY by the user , and will

F speed the convergence of the iterative solutions if chosen

properly .

The system calculations are divided into two sections

corresponding to the two sets of heat exchangers at the

secondary loop and consumer supplies. For each secondary

• loop , Subroutine STDY first calculates a load center heat

exchanger suppl~ header reference temperature through the

use of Eq. (A.-148), the computed load center heat exchanger

consumer—side demand data, and an estimated value of the first

secondary loop parallel branch mass flowrate . Since all the

load cen ter heat exchangers are supplied from a common point

in the secondary loop , the inlet temperatures on their supply

sIdes must all be equal to the calculated reference tempera—

ture . Therefore , trial Inlet temperatures computed through

Eq. (A.148) for each of the load center heat exchangers are

compared with the reference , and the branch flowrates are

adjusted until the calculated temperatures are within 0.001%

-- 
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of the required value .* When the temperatures have con— 
—

verged , they are set exactly equal to the reference value to

avoid instabilities in future iterations, and the nodal

outlet temperatures are calculated by requiring equality

between the convective heat flows on both sides of the heat

exchangers. Upon completion of this iterative process for

each of the load center heat exchangers ser~.’ed by the secori—

dary loop, the parallel branch fluid flowrates are added to

produce the total secondary loop f low , and the parallel nodal

outlet temperatures are combined to yield a mass—flow—averaged

inlet temperature to the secondary loop return pipe. The out-

let temperature on the secondary loop side of the secondary

supply heat exchanger Is then calculated from Eq.(A .’~45a) using

the parallel branch supply header reference temperature as

TO; the inlet temperature to the secondary supply he~~ exchan-

ger is calculated using Eq. (A .45b ) and the mass—flow-averaged

return header temperature .

The inlet temperature on the primary loop side of the

first secondary supply heat exchanger is computed by using

in Eq. (A.115b ) the specified loop fluid flowrate and the

HTW supply temperature  at the storage reservoir. Since the

*Due to r o u n d — o f f  errors in the ca l cu l a t i ons , t h e  two values
will never become exactly equal; a higher degree of precIsion
tha n the 0 . 0 O l ~ chosen leads to much longer t ime s for  f Ina l
system convergence.

___________________________________ - -- -~~~~~~~~~~~~~~~~~ -•~~~~~~~~~~~~~~~ - --~~ - 
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primary HT-.’ loop fluid f l o~:rate and s u p p l y  temperature are

f I xed by the sys tem design , th i s  inlet  temperature  is con-

stan t and defines the H~ reference temperature for the

first secondary supply heat exchanger . The loop fluid flow—

rate and the inlet and outlet temperatures on the secondary

side of the heat exchanger calculated in the iterative ana-

lys is  of the load center heat exchangers are then used in —

Eq. (A. 14 8) to y ie ld  a trial primary—side supply temperature

which is compared wi th  the r e f e r ence .  If the difference

be tween these va lu es  is greater than the 0 .OO 1~ con vergenc e

limit , the secondary loop f lu id  f lowrat e  is ad jus ted  to de—

H crease the error . The new secondary loop flow is split

among the parallel load center heat exchangers in proportion

to their loads , a new supply header reference temperature is

calcula ted , and the load center  heat exchanger  i te ra t ion

process is begun again.

This double iteration procedure continues until all the

calcula ted tempera tures  for  the f i r s t  secondary d i s t r ibu t ion

loop fall within the require d convergence limits. The outlet

temperature on the primary loop side of the secondary supply

heat exchanger is then set by requiring the specified primary

1 op fluid mass flowrate t o  s u p p l y  the total heat load , inc lud—

in~~ losses , of t h e  secondary loop being examined. A reference

HTh’ inlet  t empera tu re  for the next  secondary supply heat

exchanger is calculated using E~ . (A.L15b) and the fIrst heat

_ _ _ _  JIl ~
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exchanger outlet temperature , and the entire loop iteration

proce dure Is s tar ted for the next secondary distr ibut ion

loop. When all the loops have converged , the steady—state

• heat flows across each of the heat exchangers are calculated ,

and the nodal fluid mass flowrates and temperature data are

printed out in a TtJS steady—state design summary .

A.3.6 Initialization (Subroutine SET)

Subroutine SET is an intermediate program flow control

subroutine which is called to control the building load

analysis section of TDIST, to in i t ia l ize  the dynami c sys tem

¶ simulation parameters to the converged s t eady—sta t e  condi-

tions computed in Subroutine STDY , or to control the program

flow .when the Program MAIN thermostat model requires adjust—

rnent of the loop fluid flowrates.

• During system initialization or steady—state design ana-

lyses (KODE = 0), Subroutine SET assumes control from Program

MAIN and causes the hourly (or single time instant ) building

energy demands and the resulting TUS load distributions to

be computed by Subroutines QLOAD and DLOAD. If only an analy—

sis of the building loads is d e s i r e d  ( IDES = 1), Subroutine

SET causes the building energy demand schedules and the

desIred load dIstribution to be printed out and then returns

control to ~rogram ~~~~~ f f o m  whence the design run is termin-

ated .

_____ ~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~ ~ - -
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If it is desIred to use the loads computed at the begin-

ning hour of the simulation period as input data to the

steady— state TUS calculations periormed in Subroutine 3TD~

(ID ES 0) ,  Subroutine SET uses the load distribution from

Subroutine DLOAD and the user—specified load center heat

exchanger s u p p l y  and return temperatures to compute the

4 

fluid mass flowrates on the consumer sides of all the load

center heat exchangers. To prevent destruction of the exis—

ting system temperature and flowrate data in the event of

non—convergence in Subroutine STDY, a set of dummy flowrates

and temperature s are initialized to the existing system condi-

t ions and are transmitted to Subroutine STDY as the input

data required by the heat balance analyses. Upon return of

the converged steady—state TUS parameters , Subroutine SET

transmits the loop fluid flowrates to Subroutine PRESS, in

which the loop fluid frictional pressure losses and required

circulation pump pressure settings are computed . Initlaliza—

t~ -on of the TUS nodes to the computed s t e a d y — s t a t e  condi t ions

begins wi th the r ese t t ing  of the ac tual  nodal t empera tu res

and fluid mass flowrates to the values returned from Sub—

routine STDY . The temperature of the cold water section of

the ther mal energy storage reservoir  (see Fi g. A . L I )  is set

equal to the fluid temperature at the outlet of the last

pipe node in the pr imary HTW loop ; the hot water section

temperature is fixed at the desired system HTW supply tempera—

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •
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ture specified by the user , arid the f l u id  mass f lowrate  on

the TUS side of the power plant thermal energy supply heat

exchanger is calculated so as to absorb the net rate of

thermal energy production by the power plant after meeting

the steady—state system electrical demands. (The interfacing

heat exchanger between the power plant and the TUS is not

modelled in detail by TDIST and is simply assumed to have an

“extremely large ” heat transfer coefficient. It is included

as a separate item in the system energy flow analysis to

emphasize its existence and to provide a mathematical means

for transferring energy between two physically different

fluid flowstreams). Following the computation of this TUS

supply fluid flowrate , Subroutine PREC , which monitors the

TUS supply heat exchanger to insure that the Second Law of

Thermodynamics is always obe~,ed by its combined energy flows ,

is called to verify the valIdity of the system supply condi—

cns.~~~ -~b routine SET then calculates measures of the energy

r~ - i ~ !n each of the reservoir sections , based upon their

tn~~~i~~ volumes and fluid temperature s . (in the present form

~~ cod~~, these are uot true measures of the actual ETUs

ot’ ene r~ y s~ — re-d , since ‘;he computations are performe d in

• d~-or -- -es y -~hrenheit , re fer red  tr 0 ~~~~~ rather t h a n  0 ~~

~s a r -~s ~~~t , t h e  p r i n t - o u t  ~ata s u r o m ar i : in g  the  r e s e rv o I r

‘~ner~ y s~~ rage should only be used as an indicator of the

relat~ ve :-uorlv/demand - ‘oriatior,s of’ t he system over ~ Ime .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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i n oe  o~~-~ re~~ervoic -  volume output da t a  is a correct measure

of ~he actuai aocunt of dater stored in each reservoir sec—

at any  Instant , this dat-a may be used , if neces-

s a r y , to calculate the true energy  storage variations over

time.) Steady—state TUS nodal temperature and mass flowrate

- - 

I 
data and t he  distribution of the steady—state building e n ur g y

den onds are orinted cu t  In the steady—state s:Jst~ m s - i m m a r - v .

Finally, the pressure set tings of all the loop o~ pcu1~~t ion

pump s are initialized to the steady—state loop fluid fric-

tional losses , and program control Is returned to Prc~~ram

P~Ali-J for either the beginning of the dynamic simulation -or

for termination of the run if only the steady—state system

analysis output is desired .

If Su bro u~~ ne SET Is called during the dynamic system

analysis (KODE = 1), its func t ion is to transfer the desired

nodal fluid mass flo~crates computed by the thermostat model

~r. Program ‘~t’~~ P to S u b r o u t in ~ PRESS , where they are traros—

lated into a set -of -c orr e sp or ~-d~~ng loop pressure losses.

These oressuro s are then shuttled to Subroutine FLOWS , in

uhich they determine the desired settings of the loop circu—

l a t i o n  p u m p s  to compensate for the out—of—balance energy

flc--:: detected by the thermostat.

i~.3.7 Floid_ Fl~-vra~~~~(~~~~n -o~ ne FLOWS)

As you n~-ntIone prev cunly , ~ no p v i m o r y ; oeuh:o .i sm em-

ployed in the ‘fUS model tr, adju t for change s in the system 

~-~m - - 
uuu u~~



- 

-
~~~
‘ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-~~~~~~~~~~~~~~

69 .

loads and supply conditions is the variation of the loop

f luid fl owr a t e s .  Subroutine FLOWS contains the model for

this flowrate adjustment mechanism and also serves as the

L calling routine for the dynamic energy balance and fluid

pressure loss calculation subroutines. Since the consumer

te r t ia ry  dis tr ibut ion  piping is assumed to have negl igib le

fluid and thermal inertia , the fluid flows in the consumer

sides of the load center heat exchangers are allowed to vary

instantaneously with the thermal demands. However , since

the secondary d i s t r ibu t ion  and primary HTW loops contain a

considerable volume of fluid , circulation pump models are

provided for each of these loops which determine their

steady—state fluid flowrates and the rates of fluid accelera-

tion during transients.

At the end of the initiating steady—state calculations ,

the f lu Id  f r i c t i o n  pressure losses corresponding to the

converged flows are calculated for eaeh of the loops (see

Subroutine PRESS), and the pump pressures are set to main—

tairi these flowrates. ‘Then the thermostat is activated , a

set of desired fluid flowrates is calculated in Program MAIN

by requiring instantaneous energy balance across each of the

heat exchanger s in the system. The circulation pump pressures

corresponding to these desirod flows are calculated in Sub— 
—

rout ine PRESS and are su n -o i l e d  to Subroutine FLOWS , where they

are ud~~usted to uneed system response before being applied
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t o  the  a c tu a l  p u m p s .  If ono  t h e r m a l  loads i n c r - ~ase , s e t tIn g

the DUnn pressures to the values n e c e ss ary  m e r e ly  to m ain—

t C i f l  t he  proj  ected ic-o p fluid fio~•.rao os ~.i l I  ca u se the

fluids to accelerate relatively slowly and to asymptotically

approach the desired conditions over a fairly long period

of time . Since It is desired to have t he  sy s t e m  respond as

-quickly as possible to changes in the therma l demands , the

fluid acceleration rates are increased by setting the actual

pump s at pressures somewhat higher than the required steady—

state values. The factor by which the pressures are adjusted

is proportional to the difference between the existing and

the required pressures and , therefore , varies with the magni—

tude of the change in the thermal demands. Py adjusting the

proportionality constant in this ccrrectlcn factor , it is

possible to achieve any desired degree of load following in

the system fluid flowrates. However , very short reaction

time s (I.e., nearly Instantaneous adjustment of the flows

to exact ly  match the load cond i t i ons)  tend  to cause  instab i -

l i tie s  in the system because the t ime  i nc r e m en t s  over which

they~.occur must be of f i n ~ te s ize  and the t h e r m a l  in e r t i a

of the system does not allow instantaneous adjustment of

the fluid temperatures. In the curre nt model , the pump

pressure adjustment equation used is:

PEX = PP + PSENS*(PF - PS) , (A.~~9) 

—---—~~ ----~—-~~ ---~~~ & .‘~ 
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where PP is the desired pressure setting computed in Sub—

• routine PRESS from the desired loop flowrates , PS Is the

exis t ing  pump pressure se t t ing ,  and a value for the pump -

response sensitivity factor PSENS of 2.0 has been found to

be capable of maintaining realistic pressure variations and

system stability while allowing fairly rapid response to

demand changes. When the fluids have accelerated to within

1% of their projected fiowrates , the pump pressures (PEX)

are reduced to their required values (PP) to prevent exceed—

ing the projec ted  condIt ions and possible  i n s t ab i l i t i e s  in

the resulting heat flows .

If the thermostat is not activated , Subrout ine FLOWS

controls the dynamic energy and momentum transfer calcula-

tions which yield the instantaneous fluid temperatures and

flow”ates throughout the TUS . In these dynamic calculations ,

it is assumed that system conditions remain constant during

each time interval , and new values for the fluid temperatures ,

pressures and flowrates are calculated at the end of a time

step , based upon the Ins tan taneous  sys tem t h e r m a l  energy

supply and demand conditions , and upon the overall energy

flows and fluid momentum transfers during the preceding

interval . Since this is a step—wise approximation to the

o t i n u o u s  v a r i a t i o n  of t h o s e  p a r a m et e r s , It  is imsortant that

the spo-cif ~~-~~ simula ti on time step size be small ocmrared

~ith  the t i m e  c o n st a n t s  of the extermally— -;aryln~ hea t do-

mand and thermal energy supply functions to maintain system

I 
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• 1 r e :  In uy .:u— ~~-u en~-~ fh -: - ccl culaoion ~ t:~ S-~ : r ~ air •~

E::E~~, wh i c h  is cyllci f r o m  ~~~~~~~ rout in-~ ~~- -T-WS h~~: :-re any  of

tn-a c o-cal fl-cia f l o u t  o te s  cr-c c geu . The exist ing fluid

tI c -c s in th e so: :n:o-r. dLot~ cucion ana nina:’:. ~TW 1-eons

or~ ox e n a c t  r:~~i :- : t o S~~: o u u  no F-LS~~f .,  -:h -nc the t o t a l  f l u I -u

friction oressu :- --- 1:- s u-es , I nc - h t n - - t h e  effects of flow r’eou—

latlc- n va lves , arc -calculated f-~n each - f  t h e  l o op s .  These

press ure losses a:--: retunrc-d. to 3~~Lr  ~t tri e FLItWI and are

c o m p a r e d  w i t h  t h c  c ir c u l a ti on  ~oc pr e ssur e settings to

determine the accolera :ion or uecelerati-: n of the fluId dun—

ing the orecedlns tine inoorvol. Tue instantaneous loop

fleas at the en: of one a ice st-- i ar-c rained ny adjusting

the  f lowr a t e s  a t  th e  ~~girnino : f tL- - in c-coal accord i ng to

t h e  c a l c u l a t e d  ac c e l e r at i  on r at e  oh :-:uoh :

= ~5x •55 + LTT -~~~ F . ~ ( L h X — F F )  , (A.50)

•- ;here Fl Is use-i here as t h e  : a’ an c -ou s  fiaT-i friction

Ics~ calcu l ~te c t  in  • - ,Lr- :-ut Inc LFh: for the ~- - - o i n n I n - ~
$

of—interval fluid mass f o ~-;rat~ i ATT , and

—

~~~~~~
‘
~~~~~~~~ r~~~~~ 

( A . 51)

w i t h  = - . .j - ~7 x i 0
8 Ttrc— f’t/lbf—hr

2 . 0 : - relative flows in

the parallel branches of the secondary distribution loops are

determined by the L-? -? t o :  I loop f.lc-;rates given by Eq. (A.50)

-
- 
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and the se t t i ngs  of the branc:~ fl ow regulation valves , which

divide the loop flows according an t b - lr:alvidual load

center heat exchanger thermal demands. The relative bypass

and heat exchanger flowrates at each secondary supply heat

exchanger in the primary HTW loop are similarly determined

— according to the thermal demand s at those heat exchangers .

Subroutine FLOWS also performs the energy transfer calcu-

lations for the thermal energy storage reservoir. As was

men tioned p rev ious ly ,  the reservoir is modelled physically

as two separate storage volumes in series with the prImary

loop supply and re turn  nodes at the TUS supply heat exchanger

(see Fig. A.2). The initial hot water storage section temper-

ature is specif ied in the input data as the desired HTW

supply temperature for the primary loop . Since large varla—

tions in the primary loop inlet  temperature , co upled wi th  the

cont inuous var ia t ion of the f lu id  flowrate  to compensate for

load changes , tend to cause instabilities in the system heat

flows during periods of peak or minimum demand , this tempera—

ture is held constant throughout the simulation. The cold

water storage temperature is initialized to the primary loop

steady—state fluid return temperature . The fluid flowrate

between the two reservoir sections is then calculated by re—

cuir ing equality bet--:een the convective heat transfer rates

— on  both sides of the TUS supply heat  exchanger. The energy

transferrel to the aoter in the h e at  ex changer from the

_
~~~~~ - -- -~~ ,~~ -~~~~~~~~~ -‘- -- — - ~~~~~~~~~~~ -~~~~~~- ‘  - - --~~~~~~~~~~~~~~~~~ 
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power plant coolant flow is equal to the difference between

the constant power plant total thermal energy output and

the instantaneous energy demand for electrical generation.

Since the supply heat exchanger outlet temperature is con—

stant and the inlet temperature varies re la t ively  slowly —

as determined by the variations in the primary loop return

f lu i d  tem perature , buffered by the large volume of fluid in

the cold water section of the reservoir — the f luid flowrate

between the two reservoir sections e f f e c t i v e l y  fol lows the

system thermal energy supply . At the end of each simulation

time step , the water volume in each of the storage sections

is adjusted according to the net fluid transfer during the

interval . (e.g., if the primary loop flowrate is greater

than that in the supply heat exchanger , there will be a

loss of fluid from the hot water section and an increase in

the volume of the cold water section.) If either of the

sections is emptied during a given time step, the primary

loop fluid flowrate is constrained to be equal to the flow—

rate through the thermal energy supply heat exchanger to

• sa~.tisfy conservation of mass and momentum around the continu— *

ous piping loop . The energy contained in each of the reser-

voir sections varies with both the volume and the average

temperature of the water being stored. At the end of each

time step, this energy storage Is ad jus ted  by comparing the

thermal energy flows into and out of the section during the

i ~~~~~~~~
- •— --—— •‘— ---- -• — 
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interval. (In this calculat ion , it is assumed that  heat

- ¶ conduction losses from the reservoir will be small compared

— with the convective heat flows from the precooler and the

primary loop , and conduction effects are ignored. It should

$ also be noted that , in the present version of the code , these

energy terms are only relative measu r es of the actual energy
4 stored in each section , since they are computed relatIve to

0 °F rather than 0 °K. Since the volume terms depend only

upon the mass flowrates into and out of each section , they

are rigorously correct indicators of the actual reservoir
I

behavior). Thus, during periods in which the power plant

thermal energy supply exceeds the system demands , the volume

of water In the hot water storage section increases. During

periods of higher demand , this stored energy supplements the

power plant supply, and the water volume decreases.

A.3.8 System Pressure Drops (Subroutine PRESS)

Subroutine PRESS calculates the total fluid friction

pressure losses for the secondary distribution and primary

HT~ loops , sets the circulation pump pressures to- compensate

for these friction losses , and controls the flow regulation

valves in the secondary loop parallel supply branches to

i ’? l h: the  loop f lows a c c o r d i n g  to the  r e l a t i ve  load cen ter

heat e-xchanx:er t h e r m a l  ~em a n i s .  The s~~brc : t ir .e  is c a l l e d

iurtng the Initial steady—state system calculat Ions to

est~ b~~lsh tue initial rump nressu:es and valve settings ,

- - -
~~ 
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~\ e u  one t h er m o s t a t  is acti-catea to det:::-mlue tue dexirec

f l c~c u n l it s  t o t  the p r o j e c t e d  sys t em f l o w —

rOte : • ~ui at the end of each  s imu l a t io n  t ime  s t ep  to c a l c u —

lace the in::antan—: o-us fluid pressure losses in each loop .

The basis of the nodal f l u i d  friction pressure lOSS calcula-

tion Is one lao:;: f-:rmula ~l 2] :

Dy = ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~
) 
, (A.52)

.-;uene the familiar f-arm of the ecuation has been modifIed

s l ig h t l y  by e x p re s s ir r  the f lu i d  ve loc i t y  in terms of the

mass ficwrate (~~A S - 3 ) ,  t h e  flowehannel cross—section (AC),

and the number of nara itcel fln~c-channels (NTB). The factor F

is tue Darcy—W:lcbach friction factor

F = 
0.18)4 (A.53)
RE 0 2

RE is the fluid Reynold s : :mh-er

- 
FR = ~~~~~~~~~~~~~ , (A.5)4)

with tb-c fluil -,n loct a:; again express-c d in tern.: of the- mass

fl-c-wrote , and the c nv- -rs c o n : t n n t  0 )4.i)47xlOF lt- n~~ 

ibm-hr 2 .

In a sImple series loop , ouch as the pr Im ary HT-J loop ,

the — tal fri-c t- i -cr ;al prc-sscrc lass is sirc~ ly the s~ rs c-f the

- -_- • _—~~~~ --‘--— — ~~~~~~~~~~~~~ - eoa . _  m_ ______
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nodal losses determined through Eq .  ( A . 5 2 ) .  Since the c i r c e - --

iation pump for the loop must  compensa te  e x a c t ly  for these

losses in steady—state , the rump pressure necessary to main-

tain the given loop fluid flowrate is set equal to the cal—

culated total loop frictional pressure loss.

In calculating the friction losses for a secondary dis-

tr ibut ion loo p , consideration must be given to the fact t h a t

the total fluid flow is split among several parallel branches

serving the load center heat exchangers . Since all the

branches in a given loop have common supply and return head-

ers , the f lu id  f lowing through each branch must experience

the same total pressure drop . The flow regulation valve

model employed in Subroutine PRESS uses this fact to intro-

duce external pressure losses into selected branches  in order

to maintain different flowrates in similar  f l o w ch a n n e J  g€-cruc~~ —

ries. The desired nodal fluid flowrates are supplied to Sub-

routine PRESS from either the steady—state system calculation

(Subroutine STDY) or the thermostat—controlled system proje:—

tion (Program AI~;) . Since all the calculati on s-- a-blob e:r-~a—

lish these flowrates are based upon instantaneous energy

balances across each of the heat exchangers in tb-c sys~ cn , t h e

flows are - d i v i d e d  among the parallel branches a c o o r d i n o  to

the  relat ive thermal loads -:hlch they must supni;’ . In es-o h

secondary distribution loop, the nodal f r i c t i o n  pressure  b o o —

es are calcula ted thr’~uoh Eo . (A.52) , and the largest

— 
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:arallel branch pressure dror is taken as the reference for

the  remainder of the branches. It is assumed t h a t  the valve

- :  io this  r e f e r e n c e  b r an c h  is fuill: open , an-i t he  v a l v e s  in

the remaining branches are set by aiding a v a lv e  friction

term to each nodal friction factor to make all the parallel

branch r r e ss ur e  losses equal to the reference. This raral—

lel branch pressure drop Is then added to the series node

f r i c t ional losses to determ ine the  to ta l  f lu± i pre ssure d ro p

for the loop and to establish the circulatIon pump p ressure

necessary to maintain t1-~ desired flowrates.

During normal simulation periods , the instantaneous

flowrates determined in Subroutine FL-SWS. are applied to Sub— 
—

routine PRESS , where the loop fluid friction pressure losses

corresponding to these flows are c a i cu l o t e d .  These f r i c tI o n a l

losses are then compared with the loop circulation pump

pressure settings to determine the rates of fluid accelera-

tion or deceleration as indicated in  the section describing

• Subroutine FLOWS . The parallel branch flow regulation valves

— are set at the beginning of the simulation and every time the

t~ errnostat Is ac tivated to adjust the pumr pressures. During

normal dynamic calculations , however , their settings (i.e.,

the added terms ifl the parallel branch friction factors)

remain constant as determined by the desire-i flow conditions ,

while the fluid friction losses for each of the nodes change

as the loop flowrate ‘~aries . The valves thus establish the

k~ • - -  -
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— 

relatIve parallel branch fluid flow splits based upon t h e

• 
des ired sys tem energy su pply con di t ions an d ma In t ain th es e

flow ratios until they -are reset by the thermostat. (Sc

models of the bypass valves i~ the pr imary loop are contained

in Subroutine PRESS, since those valves are set through the

comb ined effects of the thermostat flow sp-lit calculations in

Program MAIN and the pump pressure resetting section of Suh—

rout ine  FLOWS. )

A.3.9 Dynamic Energy Balance (Subroutine ENRG)

The dynamic energy flow calculations in Subroutine ENRG

form the basis for the entire time—dependent ‘I’US simulation

since they determine the rate at which the distribution sys-

tem fnllows the thermal energy supply and demand variations.

The sys tem f lu id f lowra tes  and no dal tem pera tures  are assumed

to be constant during each time Interval according to the

net imbalances in the heat flowrates and momentum transfers

computed during the time step. Sub r ou t Ine E~J RJ  c a l c u l a t e s

the nodal inlet and outlet fluid temperatures throushout

the TUS based upon an a n a l y s i s  of ~he nodal thermal eneroy

~ 

flows during each time step . It is called from Subroutine

FLOWS before any other system parameters are adjusted because ,

unleso the thermostat is activated , th e fluid flowrates vary

In r-:pe rc- ntly of the fluid t e mpe r a t u  -s , while t h e  e n er z y

~‘l cws and temperature V O S i  ations depend stron~ ly uron toe

flui d mas s  f I -owr a t e s  e x i s t  log  d ~r in :  t h e  i n t e r v a l  b e i m o

-
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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s

• S1 cu e nor t r an s f e r  ca lcu l - at ions  in Subroutine FSRS h a v -

oe~ n :-:rived under tro c as:-~’cptiT r. c o a t  the f_ u  Ii in -a g iven

n o d e  t r av e l s  cul :-: a r e l a t i v e - b y  small fraction (e.g., 10—20%)

of the  l en gtn  c -f  t he  n o - do -  d o r m s a s i ng l e  t i m e  sten . (This

c r i t e ri o n  :h :- : ld  to  the or—I000 t factor in the  : i e t e n m i n a t i c n

of the t Im e  step si:e sc-ccifie-i for  a -r iven  s i m u l a t i o n . )

D a r iu s  t r a n si en t : , the  fl u  in l e t  or~ o u t le t  t e m p e r a t u res

on ei~ her si -ic of a h eat  exchanger  may he perturbed so- as 0:

: once tue t e m r e r a t u r - e p r o f i l es  to dev i a t e  from their stead:~ —

s t a t e  shap es . in c ri er  t u  fo-l1o ;-~ such perturbations along

the entIre length of a n o d e , it is rino-reusly necessary to

Incorporate into the onal ; :o ls  on  i nc r e o n t a l  flow indexing

schome ;-;hl-:h t r -c~-es  the tim-c h I s t o r y  of each element of

fluid as i t  t r a v e l s  t h r ou sh  each  node in its respective

s-ipin~ loop . hc -;ever , thy - effect s of these continuous v a r l a —

t i t us  in the  f l u i d  t e m p e r a t u r e  p r o - f i l e s  may ho modelled ade—

-puately for mos t s it u at  i cnn- e n c c -~n t -  r -i u n d e r  n or m a l  sys tem

c s - c r a t i ng  c o n d ~ l i o n s  by c-on -oer •t r aa  Lng only  up- -on the iucr- - —

a uaal energy flow voriat ono a: in l et  and c u t l e t  01

each  n c i e .  S u r r o u t i n e  S J R G th’:~rCfOrO examines -only the

-~~-~ -o.ai en e r gy  t r a r •o f e r r - -  ntC and ou t  of  he inu r en en t : l

rre of f lu i d  d s p l a-oed d . i I r .g I n c  ‘~~m-~ i n t c ~~;al u e i n g

- 

~~g. A . 8 , l in- an-sun -C th c~ particle of

C = — :1 th e  bed n o in g  of a t im e  st e [ -  ( I  = 0)

-~~~~~~~~~~~~~ 
-
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Fi gure A . 8

Dynamic Nodal Energy Transfer Parameters

:1
x~~O

-
~~~~~~~ L

‘ MASS

TI TOOP TO
TN = T0

T I — T o  —er ior  exter ior

PITB channe ls i node .
single channel cross - sect ion AC
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f l ow s  to x = L  at the end of the Interval (t = 150); ch .s

I = v~ DTIME , ( A . ~~5)

where v is the nodal fluid velocity . E x p r e s s in g  t he  f l u i d

velocity in terms of the nodal mass fl-owrate , the  f r a c t i o n

of the length of the node travelled by th~ fluid In

is

DL — MASS*DTIME 6L - - 

N TB*RHO~ AC *LONG ( A . 5  )

However , since (NTB*RHO*AC*LONG ) is Just the total fluid mass

contained within the node (TMAS), Eq. (A.56) can be rewritten

as

DL - M~SS* DTIME A— 

TMAS ( .57)

During the interval DTI~ E, the fluid in the r~ le trans-

fers heat to (or receives heat f r o m )  i t s  s u rr c u n d i nz s .  There—

fore , an element of fluid located at position x = I — i  at the

beginning of a time step wIll experience a temperature change

during the interval due to the net heat loss or gain it

experiences while traversing the distance 9 . D e n o t i n g  the

temperature of the fluid at t = 0, x = L —  I, as TODP , the

temperature of the fluid at t = DTISE , x = L , as TOP , and the

tem perature change of the fluid as it passes from x = L — 9 .  to

x L as DTC , the basic equation for deter-mining the new

- 
—

~~~~~~ 
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nodal fluid outlet temperature at t = TDIME is

TOP = TODP - DTC . (A.58)

At any given instant , the only parameters specified for

each node are the fluid mass flowrate , the inlet and oulet

H temperatures , and the external conditions affecting the

o 4 heat transfer rate from the node (e.g., the ambIent earth

temperature for a pipe node or the fluid mass flowrate and

inlet and outlet temperatures on the opposite side of a

heat exchanger). The detailed nodal temperature profiles are

not calculated , necessitating an approximatIon to be made in

the determi nation of the fluid temperature TODP. An exponen—

tial temperature  d i f fe rence  profile is assumed for each node ,

having the general form:

Td (x )  = TN exp(—ax ) , (A.59)

where Td (x) = temperature difference between the fluid

in the node and i t s  su r round ings  at p o s i —

tion x ,

TN = temperature difference between the  f l u i d  in

the node and its surroundings at the node

inlet , and

= temperature difference decay constant .

ttnce 10-c nodal o u t l e t  ~em r o r a t u r e  d i f f o -r e n :e , T , is alSo

I- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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( A .~~ f )  cam u-e sc~~ted to ylelo a value for a in

term : cf tue InstanT arieo:n- -sal-ce-s o~ ~ au-u Ti:

I 
—at- = In (~~~) , ( A . 6 0 )

an— i t h e  te~-: er atu r e  diff:- r~ n--:e profile becomes*

~~~( x )  = 05 cap Ijn~~~ )*~ J ( A . 6 l )

It is also ~ssuned tnat the slope c-f the - fluid temperature

p r o f i l e  at an;: p o i n t  a long  the  ln~~th  of a node is d i r e c t l y

proportIon-al to t h e  hea t  t r a n s f e r  r a t e  fr-cm the  nod e at that

point and , hence , to the difference between the nodal fluid

~~~ should be noted t h a t  th i s  e x po n e n t i a l  difference profile
wil l y ie ld  t he  w e l l — k n o w n  l o g— m e an  t empera tu re  di f fe r e n c e  for
s t e a d y— s t a t e  hea t  c~~n i u ct i o n  in a counterflow heat exchanger:

~dUJ Td (x)ax 
Tb 1 [

~ 
_lJ

~~
[t ;- —

=

.- L~ 
(
~-r )J

~~AU~~ T9-mc
This  p r o f i l e  is t h u s  v a l i d  f o r  st-cody—st ate heat  t r a n s fer  ca l—
t~~l t t I  ons as. COn- : be extended to t r an s ie n t  c a l c u l a t i o n s  - f t h e
t yp e  mo-d c In  the current model  w i t h  lIt  t i e  error in the
resultin g heat flows.

—
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and external surroun dings tempera tures at that po in t .  If

the average slope of the fluid temperature profile for the

entire node

T5
(av)  = 

TI — TO (A.62)

is the result of heat conduction from the node at- the aver-

age log—mean temperature difference between the fluid and its

surroundings

DTLPi = 
TD — TN 

- ( A . 6 3 )
ln (~~

)

then the ratio of the average slope of the temperature profile

in the region between x = L — 9. and x = L to the average slope

fo r the en t i re  node is given by the rat io of the log—mean

temper ature d i f f e r e n c e  over that  region to the- average nodal

difference. (I.e., The ratio of the profile slopes is equal

to the ra t io  of the heat conduc t ion  r a t e s . )  Since the lo s—

mean temperature difference over the region of the node from

x = L— Q to x = L is given by:

DTLMX = 
TD — T D X  (A.6L1 )
ln (

~~~
)

-.-:ith TDX being calculated thr ug h Eq. (A.61) at = L —  £ , the

average slope of the nodal fluid temperat ure profile ov er

th is  reg io n of’ the no-i -- car he approx Imate d by 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Ts(x) = T3
( a v )  

~~~ 
. (A.65)

Knowing the average slope of the tempera ture  p r o f i l e  and the

nodal f luid outlet  temperature , it is possible to estimate

the  temperature  of the fluid at x = L — 9 .  to be:

- 

1 
TODP = TO + DL*(TI _ TO)*(~~~~~~) . ( A . 6 6 )

In order to calculate the temperature change of the

fluid due to heat conduction effects as it flows from x = L — 9 .

to x = L, it is necessary to determine the average heat trans-

fer rate from the fluid to its surroundings over this region.

Integrating the assumed exponential temperature dllference

profile from x = L — 9 .  to x = L yields the resul t  that the

average conduction heat transfer rate from the fluid is

AUF
~
TD 

TO (A.67)
L1
~ ~~

whe re AUF is the overall  heat  t r ans fe r  c o e f f i c i e n t  for  the

t~ tal node. If it is assumed that the heat lost from the

incremental volume of fluid in nod e length during 1TT~ E

result-s in a change in the average f l u i d  temp era u : - -o of n- ag—

nitude DTC , energy conservat ion requr ies

Q0’DTIME = NTB*~ HO*AC*~ *CAP*DTC . (A . 6 8 )

L~- - 
- 

- 

-~----= ~~-~~~ - ~~~~~~~~~~~~~~~~~~~~~ 
- 

- 
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Using Eq. (A.56) to express 9. in terms of the fluid mass

flowrate and simplifying the resulting expression yields the

average temperature change of the fluid due to conduction

heat losses :

- ~c 
-

DTC - 

MASS*CAP (A. 9)

The express ions  for the nodal f lu id  ou t le t  temperature

assuming no heat loss (Eq. (A.66)) and for the temperature

change due to heat conduction effects (Eq . (A.69)) are corn—

bined through Eq. (A .58) to yield a new value for the nodal

fluid outlet temperature at the end of the time step being

studied . As Indicated by the preceding discussion , the cal—

culations leading to this temperature essentially consist of

a comparison between the convective and conductive heat flow—

rates from the fluid i.n the final volume increment of the

node. If the nodal thermal energy demand increases over its

steady—state value , DTC will increase in magnitude and the

outle t temperature will decrease as heat is removed from the

fluid at a rate faster than it is supplied to the node by

• the steady—state fluid flowrate. If the demand decreases ,

the outlet temperature will increase as the f l u i d  Is swept

th:-:ugh the node faster than heat is removed fr-on it tnr:cgh

conduc tion .

The bas ic nodal analysis outline d above for heat ex-chan—

_-~~~~~ —- - - ~~~~~ ---.- -~~~~~ —~~~~- - ~~~~~~-~~~~~~~~~~~~~~~ - ,~~~~. - —-~~ —- -— rn ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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ger n o d e s  IS also - :-mp loy e d  in the  ai~~u 2 t n e n t  -_ f pip-c nc-d c

outlet- tenrerat-:res . wltu the only mo-difaoa ~~1ons b eing that

c-re t e r n -  erarure r file !
~ of the ‘ oproelte no-dc ” is th~ co n—

start earru ten- .:. erature TASy and that — duo to  the  oen~-roily

:ma ~~ t~~t f er e n c e s  a e t w o - -o n the p i p e  n o d e  :n -r t and outlet

— all exo-oreatial ~- a-- - n--tra tur~ relations ore

app rox Imate d t-~ liT o ar functions.

Followins con tation of all the revised noda l outlet

temperatures , the nodal inlet temperatures ore set by requ~ r—

ing continuity -of the fluid temperature profiles across the

boundar ies between ad~ acer:t nodes. For series nodes , the

Inlet temperature of a node is simply set equal to the new

outlet temperature of the preceding node in the loop. The

in l e t  tempera curon- t-: the pipe nodes following the primary

loop secondary s-cro y heat exchangers are ~iven by the heat

exchanger and bypass fluid mass— flowrate—ar -erage of the pre-

ced ing no de ’s inlet and cutlet tenreraturars . The inlet temp-

erature to the return pip- -:- in a secondary din-tributi - :--n 10:-p

is the mass— fl-owr- :te—avera ci outlet temperature from the

parallel l-oa-i center heat exchang-cr branches. The inlet

temperatures to the consumer—side nodes of the lead c nter

h e a t  exchangers arc calculato- d In Program M A I N  from the

heat exchanger f l -c  d flowrates , the f l u i d  outlet t-~ r o p e r a tu r - e

computed through the dy n a m i c  heat- exchanger analysis in this

subroutine , an-i the thermal d-ono: is o b t a in e d  from linear

i t~~~~~ - 
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interpolation of the hourly loads c omputed in Subroutine

DLOAD .

During the computation of the new nodal temperatures ,

Subroutine ENRG institutes a fairly complicated system of

temperature monitoring and adjustment calculations to insure

that the approximations made do not violate physical heat

transfer laws or lead to mathematical relations exceeding

the computational capabilIties of the computer. The heat

exchanger inlet and ou t l e t  temperature d i f fe rences , TN and

TD , are allowed to have minimum magnitudes of lO
_6 

°F to

insure the finiteness of calculations involving logarithms

of their ratio. Similarly,- if the ratio TN,’TD is within

10—6 of 1.0 (i.e., if the fluid temperature profiles are

virtually parallel along the ertire length of the heat exchan-

ger), the energy -flow calculations described above ar~ per—

formed using linear approximations to all the exponential

relations , thereby avoiding the calculation of logarithms of

0 , di vIding by 0 , e t c .  Al though TN and TD are allowed to

have opposite signs (indicating a crossing of the te mpera tur e

p ro f i l e s  due to instantaneous transient conditions at either

end of the heat exchanger), if th is cond it ion is detected ,

lInear approximations to the exponential relations are

e m p l oy e d  to r e t u r n  the  parameters to the unidirectional ener—

gy flow conditions satisfying the Second Law of Thermodynamics.

FIna l ly , if the computed nodal outlet temperatures are

~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~ - - 

____________________________~~~~a~—- =-=~



- l found to violate the Second Law of Thermodynamics (a.g., if

the’ outlet fluid temperature on the supply side of a heat

exchanger is lower than -the inlet fluid temperature on the

demand side), finitely small temperature differences of

magnitude lO
_6 

°F and of the correct sign are assigned 
- 

H,

between the errant values, and the system is allowed to

correct itself t~irough the continuing transient temperature

adjustn~ients made during the succeeding time intervals.

A .3.1O Precooler Monitor (Subroutine PREC)

— 
The precise identification assigned to the TUS supply

heat exchanger will depend upon the method and location In

which heat Is extracted from the power plant ’s coolant flow— -;

stream . However , for many plant types , this heat exchanger

could take the form of a coolant precooler inserted into t- he

turbine exhaust flowstreaii~ upstream of the fluid compressors

[13]. Although this heat exchanger is not modelled by TDIST

in the detail afforded to the TUS distribution loop units ,

its temperature and fluid flowrate parameters are monitored

during each simulation time step to insure that the power

plant—TUS energy interchange is at least obeying the physical

constraints of the Second Law of Thermodynamics. The heat

transfer coefficient of this heat exchanger is assumed to be

“very large”, such that any variations in the fluid tempera—

tures on one side are immediately reflected in a temperature

variation on the opposite side . In the current version of

— ____I____. ~ ,—_ —.--- 
— -~~~ •_==_—t

~~~~~~
.——--- — 
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TDIST , Subroutine PREC simply adjusts the power plant coolant

flowstream inlet and outlet temperatures and the coolant

flowrate to insure that- the coolant temperatures are always

greater than (-or in the limiting case , equal to) the water

temperatures on the TUS side of the heat exchanger and that

the rate of heat transfer matches the power plant~ s net rate

of thermal energy production .

A .3.ll Output (Subroutine P1W)

Subroutine P1W provides the primary output function for

the code and is called at regular intervals specIfied by the

user—def ined  pr in t  f requency code . Output  data includes the

nodal fluid mass flowrates and inlet and outlet temperatures ,

the instantaneous heat flowrates through each heat exchanger ,

information on the volume of water stored in both sections

of the reservoir , the temperatures and flowrates on both

sides of the TUS supply heat exchanger , and the instantaneous

loop circulation pump pressure settings .

A. -)4 Simula t ion Run Opt ions

Figure A~9 is a simplified flowchart for TDIST illustrat—

ing the major program components and decision control branches.

Depend ing upon the type and extent of the system analysis

sir - - i , the code provides the flexibility of three general

run options : (1) the calculation and distribution of the

Individual build ing thermal and electrical energy demands ,

— -- it— — - 
!tit.~~.... 
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TUS Physical Parameters ,
-

- - BuIlding Specifications,
Weather Data

24—Hour Building Loads

Output Steady— ENDState Loads

Dynami~ Initialize TIJS Temp ’s &Analysis
Flows to Stead y—StateDesired?

Nodal Flows at End of
Time Step

TUS Neat
Exchanger Loads
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(2) the iterative steady—state convergence of the TUS no-jot

t empera tu res  and f lu id flowrates , and (3) the full time—

dependent TUS energy flow analysis. The following sub—sec-

tions describe briefly the computation forma t and parameter

specIfications for each of these options. Detailed input

data requirements and output listings for the code are-des—

cribed in sections A.5 and A .6.

~~ o user—defined program flow control c-odes determ ine

the simulation option(s) chosen for a given como-uter run an-i

set the paths for the  inter—subroutine data transfer and In-

formation outputo . The primary run control code Is KODE ,

which determine s the typ e of analysi: to be performed.

KODE = -O allows either the calculation and output of the

hourly buIlding energy demand s and the distribution of the

Ini t ial b a-i s a c c o r d i n g  to the TUS load center  heat e x c h a n g e r

locatIons or , depending upon the  value  of the second control

code ( I D E ) ,  it  co -uses the TUS steady—state analysis to be

• perf-t-rm-- -i. KO ’E 1 ~ni Ica tes that  the hourly bu ildi ng use

• and weather iata spo-ciflootions should be read in and ,

-unless ft is over— ridder , by IPES, cau:es the -dynam Ic system

simulatIon to be performed. KODE = 2 indIcates that the

run Is to Le t- : emlnated . Whenever the value KODE = 0 is

to ~~~ pro~-ram , the desic-n run option code IDES must

be sp-eci fled. IDES = 0 indicates that the rue to te a.

is simply the s~ eady— s tat- e onalyti s , based -up -on a c c -m t -u  ed

s i nm i e  t ime  in o ta n t  b u i l d i n g  load d i s t r i b - u t  on. IDES = I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
- 
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allows the calculation of the building loads and their dis-

tribution among the specified load center heat exchangers,

but terminates the run prior to the actual application of the

demands to the heat exchangers. The hourly building loads

for the entire simulation period are computed and printed

out if the control code sequence KODE = 0, IDES = 1, KODE = 1

is input . Table A .9 summarizes these basic control functions .

A.14.l Building Energy, Demands (KODE = 0, IDES = 1)

This run option allows the calculation of the magnitudes

and distribution of the building energy demands without apply-

ing the loads to the TUS load center heat exchangers or per-

forming any TUS—related analyses. When the sequence KODE 0,

IDES = 1 is input to the program, single time instant values

are read in for each building type ’s desired room temperature ,

equipment use factor and domestic hot water use factor . Also

input are the ambient air temperature , wind velocity, wind

direction and non—space—conditioning electrical demand factor

for the community at the time instant . Subroutine QLOAD is

called, and the computed building space conditioning loads

a~”e p~rinted out. These loads are supplied to Subroutine

DLOAD , in which they are scaled by the appropriate end—use

equipment coefficients of per.formance and are aggregated into

load center thermal energy demand s and a total electrical t

demand for the community . The distribution of the building
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TABLE A .9

TDIST RUN OPTION CONTROL CODE SPECIFICATIONS

Code Value Resulting Program Per formanc e

KODE 0 Building demands calculated at one time
IDES 0 instant and distributed to TUS: TUS

steady—state analysis performed and
system summary printed

KODE 0
IDES 1 Building demands calculated at one time

instant and distributed to TUS: build-
ing loads and distribution printed

KODE 0 Building demands calculated at one time
IDES 1 instant and distributed to TtJS: build—
KODE 1 ing loads and distribution printed ;

(sequence) hourly buildings loads calculated and
printed

KODE 1 Dynamic TUS simulation performed; TUS
parameter summary and load distribution
printed at user—specified output

- - 

intervals

KODE 2 Run terminated
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loads ±s printed out by building type at each load center

heat exchanger , and a summary is provided of the aggregate

thermal energy demands at each load center heat exchanger.

When control is returned to Program MAIN, a succeeding value

of KODE must be input s This value of KODE should not, in

general, be equal to 0 , unless it is desired to repeat the

same calculation sequence or to perform a TUS steady—state

analysis. If KODE = 2, the run is terminated . If KODE = 1,

up to 2 14 hourly data values for the building temperatures

and use factors, the hourly weather data, and the hourly non—

space—conditioning demand factors are read in, are printed

out in a set of input data summary tables, and are supplied

to Subroutine QLOAD . An hour-by—hour space conditioning load

calculation is performed for each building type , and the

resulting hourly load data is printed out . Following this

printout , the run is terminated .

A .LL2 TUS Steady—State Analysis (KODE = 0, IDES = 0)

This run option initializes the TUS to steady—state

energy and momentum flow conditions based upon a set of corn—

puted building energy demands and a specified energy supply

rate at the TUS supply heat exchanger. When the sequence

•KODE = 0, IDES = 0 is input , single time instant values are

read in for each building type ’s desired room temperature,

equipment use factor and domestic hot water use factor . Also

_ _  

- -~~~~~~
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input are the ambient air temperature , wind velocity, wind

direction and non—space—conditioning electrical demand factor

for the community at that time instant . Subroutine QLOAD is

called , and the computed building space conditioning loads

are printed out . These loads are supplied to Subroutine

DLOAD , in which they are scaled by the appropriate end—use

equipment coefficients of performance and are aggregated

into load center thermal energy demands and a total electrical

demand for the community . From these loads and the user—speci-

fied supply and return water temperatures at each load center

heat exchanger are calculated the steady—state fluid mass

flowrates in all the consumer energy distribution piping

nodes. The total space conditioning, domestic hot water,

and non—space—conditioning electrical loads are subtracted

from the specified power plant total thermal. power output to

obtain the net rate of heat supply to the TUS. Subroutine

STDY is called , in which iterative steady—state heat balance

calculations are employed to determine a converged set of
V

nodal fluid mass flowrates and temperatures which satisfy

the combined energy supply and demand conditions faced by

the TUS. The resulting loop fluid flowrates are transmitted

to Subroutine PRESS, and the corresponding steady—state loop

circulation pump pressure settings are determined . Although

the primary loop heat exchangers are analyzed in steady—state

with no bypass flows around tht~rn , the parallel branch flow
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regulation valves in the secondary loops are set according

to the relative thermal energy demands at each load center

heat exchanger . The fhild temperatures and flowrates on

both sides of the power plant ’s TUS supp ly heat exchanger

are determined, and the temperatures of the water contained

in the hot and cold sections of the storage reservoir are

initialized to the steady—state supply and return tempera-

tures in the primary HTW loop. The steady-state TUS para-

meters are printed out in a nodal energy flow summary ,

followed by a printout of the distribution of the building

space conditioning energy demands by building type at each

load center heat exchanger. When control is returned to

Program MAIN, a succeeding value of KODE must be specified .

If KODE = 0, the user has the option of performing a second

¶ steady—state system analysis or of calling the building load

analysis run option described in Sect ion A .~4.l. If KODE = 1,

the computed steady—state nodal parameters are used to ini-

tialize the TUS for the dynamic energy flow simulation des—

cribed In Section A .14.3. If KODE 2, the run is terminated .

A .LI.3 Dynamic System Analysis (KODE • 1)

Unless it is suppressed by the condition IDES = 1 (see

section A.14.l), an input value of KODE = 1 causes the dynamic

energy system analysis to be performed for a simulation period

H. of up to 2Z~ hours in length. Although it is theoretically

~~~~~~~~~~~~~~~~ ~~ ~~~— - --~_ - .
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possible to specify a consistent set of TIJS input data

which will allow the dynamic system analysis to be success—

fully started the first time the program requires KODE to

11 be input, the stability of the time—dependent simulation is

Ii so dependent upon the system initialization parameters that

F it is recommended that the steady—state TUS Initialization

run option ( KODE = 0, IDES = 0) always be used ~s the front

end of the dynamic system analysis. In addition to reducing

the amount of hand calculations required of the user and

minimizing the chances for TUS instabilities developing due

to poorly specified Initial parameter values, use of the

internal initialization option allows the user to run low

cost design calculations to insure system convergence prior

to gambling the larger sums of time and money associated

with the full dynamic analysis on a set of untested input

data. Therefore, in the following, it is assumed that KODE=l

Is read into the computer upon return of control to Program

MAIN from the steady—state analysis calculations described

in Section A. L4.2.

Input data for each building type consists of up to 214

hourly desired room temperatures , domestic hot water usage

fac tor s, and occupancy—related building use factors which

are used to schedule internal equipment heat generation and

forced air ventilation. Weather data inputs include hourly

ambient air temperatures , wind velocitie s and wind directions.

L H
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An hourly community non—space—conditioning electrical energy

demand schedule is also required for the determination of

the components of the power plant load not directly associated

with providing heating, cooling, or hot water to each person

in the community. These hourly schedules are printed out in

input data summary tables and are supplied to Subroutine

QLOAD . Hourly net space heating and cooling energy demands

are determined for each specified building type, and the

building load schedules are printed out. The individual

building demands are also supplied to Subroutine DLOAD,

which computes and stores the resulting set of hourly thermal

demands at each load center heat exchanger and the hourly

total electrical energy demand for the community. Initiali—

zation calculations in Subroutine SET transfer the steady—

state nodal parameters calculated in Subroutines STDY and

PRESS to the appropriate nodes in the TUS model , and the

primary loop and load center heat exchanger consumer—side

thermostat reference temperature limits are set in Program

MAIN based upon the converged steady—state fluid temperatures

an.d the design values specified by the user. An internal

time clock is set , and the dynamic analysis begins at the

hour of the day at which the steady—state system parameters

are specified , .

During each simulation time step , linear Interpolations

between the stored hourly data values for the air teLnperature ,

system electrical loads , and load center heat exchanger ther—
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mal demands provide the instantaneous energy demand condi-

tions applied to the TUS and the power plant . The rate of

r thermal energy supply to the TUS is determined by subtracting

the instantaneous total electrical energy demand from the

specified power plant constant total thermal power output .

Subroutine ENRG is called to determine the Instantaneous

fluid temperature distribution throughout the TUS, based

upon the assumption of constant energy flow conditions

during the time step , with temperature adjustments made at

the end of the interval . Subroutine PRESS is called to deter-

mine the fluid friction pressure losses In each of the piping

loops for the fluid flowrates existing during the time step,

and Subroutine FLOWS adjusts these flowrates at the end of

the interval , based upon a comparison between the actual

circulation pump pressure settings and the computed pr ssure

losses~ The instantaneous fluid flowrate in the TUS side

of the power plant thermal supply heat exchanger is calculated

so as to transfer the available thermal energy to the TUS

storage reservoir , and the hot and cold water storage volumes

are adjusted through a comparison between the Inter—section

flowrate through the supply heat exchanger and the flowrate

through the primary HTW loop . When the program control is

returned to ?rogram ~AI i1 , the new fluid temperature s are

compared with the reference values at the load center heat

exchangers and at the outlets of the primary loop heat exchan—
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gers. If none of the temperature limits has been exceeded ,

the time clock is incremented and the linear Interpolation

procedure is begun to determine the demands for the next

time step. However, if any of the temperature limits has

been excee ded, the thermostat—controlled fluid flowrate

correction process is begun by calculating for the entire

TUS a set of desired fluid mass flowrates which will exactly

satisfy the given instantaneous thermal demands at: (1) the

temperature limits for the load center heat exchangers, and

(2) the desired fluid reference temperatures at the primary

ioop heat exchangers. The computed parallel branch flowrates

are added to form desired total loop flowrates for each of

the secondary distribution loops, and these flowrates are

used In the calculation of the required flow splits among

the primary loop heat exchangers. The primary loop nodal

fluid flowrates computed in this manner for each of the

secondary supply heat exchangers will, in general, be unique-

ly defined for each unit. To preserve continuity of the

total primary loop flowstrearn, therefore , the heat exchanger

wtth~4he largest computed flowr ate is assumed to have no

bypass, and bypass flows are es tablished around each of the

other units based upon the difference between thi s maximum
- 

and the desired unit flows. The desired heat exchanger/

bypass flowrate ratio is then used to scale the existing

nodal f].owrates to effectively set the required f1o~ splits



.-. -. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~2 :  -: -

103.

(but not the magnitudes of the flows) at the end of the

time step being studied . The computed desired fluid flow—

rates are transmitted to Subroutines PRESS and FLOWS , in

which a set of corresponding desired circulation pump pres-

sure settings, scaled by the user—defined pump response

sensitivity factor , are calculated and are applied to the

system pumps. The existing system fluid flowrates are then

re—calculated for the given time step based upon these re-

vised pressure settings . (Waiting until the end of the

following time step to update the flows could result in an

overall inability to adequately follow large load variations

occurring during a single time interval.) Following the re-

setting of the pump pressures and the re—calculation of

the fluid flowrates , the thermostat model returns normal

program flow control to Program MAIN, the time clock is

incremented , and the next time step ’s calculations are begun .

Output from the program during the dynamic system ana-

lysis Is controlled by a user—defined printout frequency

code . At regular intervals (as frequently as every time

step or as infrequently as once each hour) an instantaneous

TUS summary is printed which includes all the nodal fluid

flowrates , temperatures , and energy demands , the total

~:~ tem thermal and electrical energy supply and demand condi— :
tions , the instantaneous circulation pump pressure settings ,

and the therma l energy storage reservoir fluid volume and

_ _  . .- , -- . - . - .~~~~- . - ----



_____ 
~~~~~~~~~~~~ 

~~~~~~ .

I,

1014.

temperature data. Power plant sizing information is also

printed to indicate whether the specified power plant thermal

rating and electrical generation efficency are adequate

to supply the community ’s total electrical demands at that

instant in t.~me. Also output at each print interval is a

H summary of the instantaneous building space conditioning

loads by building type at each load center heat exchanger.

A summary of the thermal energy supply/demand mismatches at

each heat exchanger in the TUS is provided to allow the user

to monitor how closely the system is operating to ideal heat

balance conditions throughout the simulation period .

At the end of the specified simulation period , KODE = 2

should be input to terminate the run . (Although provision

is made for reading in other values cf ~cODE at this time,

the analysis re—setting and continuation functions have not

as yet been fully developed , and specification of 0 or 1 for

KODE would most probably lead to the calculation of invalid

information due to residual parameters being held over from

the dynamic system analysis.)

A. 14 .14 Coordination of Options to Aid in TES Design

When TDIST is used to aid in the design and performance

analysis of a proposed community Total Energy System (TES) , ‘

excessive computation effort , t ime and expense may be avoided

by using a combination of the three basic program run options

__~~~~~_*~~~~~~~~ ~~~~~~~~~~~~~~
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to yield successively more detailed specifications of the

community ’s demand s and of the energy system design para-

meters. Some general guidelines which have been found to

be helpful in the development of such an energy system model

are :

(1) Identify a set of up to 20 different building

classifications which span the range of architec-

tural and occupancy characteristics observed in

the community.

(2) For each classification , define a representative

building unit which exhibits the typical structura l

and usage characteristics of its class. This

building may be either an existing unit whose para-

meters are deemed typical , or it may be a repre-

sentative model composed of the aggregate character-

istics of several individual units.

(3) Distribute these representative building units

throughout the community according to the observed

distribution of actual buildings. The total number

of representative units specified at each location

in the community should be chosen to approximate

the total floor area (or some other equivalent

energy demand index) of the actual bu i1din~ s a~
1.~that  locat ion . .

.

H . (14). Aggregate groups of buildings in ’. u energy demand

_ _ _



106. 
.

load cen ters , based upon their number density and

similarity of use . In sizing these load centers ,

it should be remembered that each one connected

to the TUS will be served by a single heat exchan—

ger .

(5) Design a proposed TUS piping layout which will

supply HTW to the desired load centers. (Not

necessarily every load center will be served by

the TUS, since the economically optimum TES may

require some buildings to be supplied all—electri-

cally.) Each load center should be served by a

single heat exchanger, up to five of which should

be piped together in parallel to form a single

se cc~idary distribution loop . A maximum of five

secondary loops is allowed in the system .

(6) Once this rough system design has been specified ,

estimates of pipe sizes and lengths , pumps and heat

exc hanger locations , and pipe insulation parameters

r should be coded into the TDIST TUS input data for—

mats (see Section A.5). The distribution (number

of units served by each load center heat exchanger

and total number of units not served by the TUS)

and specifications of each representative building

type should be coded into the TDIST building input

data formats.

k : .
F. ~~

.
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(7) Specify the hourly weather data to be used during

the simulation period .

(8) Use the building design analysis run option

(K ODE = 0 , IDES = 1, KODE = 1) to provide the

space conditioning load profile for each building

type over the simulation period and to aggregate

the total energy demands to be supplied b, the TUS

at the beginning of the period .

(9) Examine the computed load profiles to identify any

questionable or invalid building data specifica-

tions (i.e., if the load profile is not “reason-

able ”, identify the controlling load component

and the building parameters determining that com-

ponent). Any parameter revisions should be yen —

fled by re—running the code and generating a correc-

ted set of loads.

(10) If necessary, due to significant imbalances in the

thermal load distribution within a given secondary

loop, the load centers should be redefined or

rearranged to yield reasonably uniform loads among

the heat exchangers in each loop , and the code

should be re—run to generate the revised load

d f rt r i b u t i c n .

(11) Once the b u i ld ing  loads have been ver i f i ed , use the

given demand iistribution and specificati~ ns of the

-..— . — ~~~— -
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desired TUS fluid temperatures to size the TUS

heat exchangers. In general , it is advisable to

run the code twice during this sizing exercise ,

unless the peak hourly demand s occur at the begin-

ning of the simulation period . One run (KODE = 0,

IDES = 1, KODE = 1, as summarized In steps 8—10)

Is used to generate the hourly building demands

and the TUS loads to be used in specifying the re-

quired Initial system temperatures and flowrates;

the second run (KODE = 0, IDES = 1, KODE = 2) is

used to determine the ~ing1e time instant TUS peak

demands to be used In sizing the heat exchangers .

(12) After specifying the heat exchanger designs , perform

the steady—state analysis (KODE = 0, IDES = 0) of

the system at the beginning of the simulation

period to insure that the system design is self—

consistent and that the system will converge to the

desired fluid flowrates and temperatures.

(13) If necessary , make design revisions (such as chang—

inS heat exchanger ratirAgs , the initial primary

HTW loop fluid mass flowrate , or the sizes of the

distribution loop piping) and re—run the steady—

state analysis un t i l  the desired f lu id  f lo w r a t e ,

pressure loss , and fluid temperature conditions are

achieved. 
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(114 ) Perform the time—dependent TES simulation by call—

ing the steady—state analysis option , followed

by the dynamic system analysis (KODE = 0 , IDES = 0 ) ,

KODE 1).

Expansion of the run options in this manner from the build-

ing load analysis to the full dynamic system simu1atior~ allows

the user to clearly define the community loads (which are,

of course , independent of the assumed method of energy sup-

ply) prior to performing any TES analyses other than choos-

ing a proposed piping layout . Once the proper~ building models

have been specified and the appropriate TUS configuration has

been chosen , the resultIng heat exchanger designs and pro-

posed fluid flownate and temperature specifications may be

fully tested , and any required system design revisions may

be made prior to performing the dynamic system analysis.

Following full specification of the system design , the dynamic

analysis run option provides information as to how the parti-

cular design chosen behaves over time . Although possibly

seeming over—conservative in i ts  approach to sys tem design ,

this methodology allows a logical system development and ,

based upon the computation time estimates outlined In the

following section , provides a cost—effective sequence of

sys tem ana lys i s .

a

H
I
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A.14.5 Computer Execution Time Specifications

TDIST is written In FORTRAN IV and Is directly compa—

tlble with the IB~ System 370 computer using the FORTRAN H—

level compiler. Program compilation requires the allocation

of 288 K bytes of working storage; execution of the compiled

load module requires 128 K bytes. The source deck consists

of approximately 1800 cards. The compiled load module may

be stored on a total of 8 tracks of disk space.

When using a pre—compiled load module called from re-

serve storage, the user may expect execution times for the

various program options to approximate the values listed in

Table A.1O. In each case, the time shown is the total

elapsed time for the run, Including program set—up and block-

ing of the output data for subsequent printing; all times are

In CPU—m inutes. The lower limit of the range corresponds to

the analysis of a TUE containing two secondary distribution

loops, one serving three and the other serving five load

center heat exchangers. The upper limit corresponds to the

analysis of a TUS having four secondary loops, serving a

total- of 18 load center heat exchangers. A total of 11

building types are specified for each system . Steady—state

system input data includes estimates of the initial secondary

loop fluid flowrates, which serve to reduce the total conver—

gence time required for each system . The time step size for

the dynamic analyses is 0.001 hour, and each simulation 

— — —i-- - .  — 
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TABLE A. lO

REPRESENTATIVE OPTION EXECUTION TIMES

Execu tion Time
Program Option (CPU — minutes)

Single—time building load analysis 
0 0 6 0 112(KODE=0 , IDES=1, KODE=2) 9 -

214-hour building load analysis 0.110 - 0.123

Steady—state system analysis 8(KOt1E=O, IDES=O) 0.105 — 0.10

214—hour dynamic simulation
(DTIME = 0.001) 14.3714 — 8.691
(KODE=0, IDES—O , KODE=l)

Program compilation and load module 6storage . . 
. 0. 92

. .
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covers a period of 214 hours. The dynamic simulations are

initialIzed internally by first calling the steady—state

system analysis option . Data output for the dynamic analyses

• occurs at every half hour. 
- 

~

A.5 TDIST Input Data

All input to TDIST is from cards supplied by the user.

Since fixed—format input statements are used throughout the

program, it is important to follow the data format instruc-

tions outlined below . The data which must be specified for

each program r~un * consists of four general categories;

(1) specifications of the physical parameters, heat transfer

coeff icients, and average fluid conditions in each TUS node ,

(2) specIfications of’ the heat transfer characteristics , time—

dependent usage , and distribution of each building type,

(3) hourly weather data , and (L I ) program run control and

initialization codes. To some extent , these categories are

segregated within the input data deck for ease of parameter

modification. However , the segregation is by no means

complete , and care must be taken to formulate the deck in the

e;act order presented . Input diagnostics exist , but are mini—

mal and are only available during runs in which Subroutine

*Input data flexibility Is extremely limited. Depending upon
the type of run to be performed , some data values may be left
unspecified , but their locations in the data deck must be
filled with blanks or dummy values bo facilitate correct
input of all the required information (see Section A.5.3.)

J stM 
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STDY is executed; errors in data specification or card

punching will appear in the input summary printed with each

program execution , but will not usually cause termination of

a given run until a serious computational error is detected .

To minimize costly input—related errors, therefore, it is

recommended that the data deck be checked carefully before

each program exez~ution , and , if possible , a short program

option (e.g., the steady—state system analysis) should be

executed prior to any extended dynamic simulations to inter-

nally verify the correctness of the input data.

A.5.l Data Card Format

1. Run Identification Cards

For the purposes of run Identification , the first

two cards in the data deck should contain alphanumeric run

desc~ iptions which will be printed at the top of the fIrst

page of output data.

Variables: TITLE , CITY - alphanumeric run identi-

fications

Format: c.c. 1—80 20A14 TITLE,CITY

• 2. PrImary HTW Loop Node Number Card

This card inputs the total number of nodes in the

primary HTW loop . For the purposes of system determination ,

a node is defined as either a length of pipe having constant

diameter and heat transfer characteristics or a heat exchanger. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - - - ~~~~~~~~~~~~ - .~~~~~~~~~~~~
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The primary HTW loop nodes include the pipes supplying heat

from and returning heat to the thermal energy storage reser-

voir , but do not inc lude the reservoir sections or the TUE

supply heat exchanger . Pipe runs between heat exchangers

within the loop must be included , no matter how short , to

- 

- 

result In effective calculation of losses. A maximum of 13

nodes is allowed , including a maximum of 5 heat exchangers .

VarIables: NH — number of primary HTW loop nodes

Format : c.c. 1—3 13 NH

3. Secondar y Loop Number Card

This card inputs the pumber of secondary d~.stribu—

tion loops in the system . Since each of these loop s is

supplied from a heat exchanger in the primary HTW loop , the

number of second ary loops must correspond to the number of

heat exchanger nodes in the primary HTW loop . A maximum of

5 secondary distribution loops is allowed .

k Variables: LE - number of secondary distribution

loops

Format : c.c. 1—3 13 LS

4~ Secondary Loop and Consumer Branch Node Number

Card

This card inputs the number of’ nodes in a secondary

- 

I distribution loop and the number of load center heat exchan—

gers supplied from the loop . The secondary loop nodes
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specified must include the primary/secondary heat exchanger ,

the secondary loop supply and return pipes for this heat

exchanger , and the load’ center heat exchangers . The load

center heat exchangers are assumed to be supplied in parallel

from a common header . Nodes including the pipes from this

supply header to the heat exchangers and from the heat exchan-

gers to the loop return header should not be included; each

parallel branch In a secondary loop will therefore contain

only the single load center heat exchanger node it serves.

A maximum of 13 nodes per loop is allowed , including a

maximum of 5 load center heat exchangers.

The number of load center heat exchangers supplied by

a secondary loop must correspond to the number of parallel -

branch heat exchanger nodes specified for the loop . A maxi-

mum of 5 parallel branches peT’ loop is allowed .

Since this card specifies the number of nodes and load

center heat exchangers for only one secondary distribution

loop, one card must be supplied for each of the loops speci-

fied on the Secondary Loop number card .

Variables: ND(L) - number of nodes In secondary loop L

NB(L) — number of load center heat exchangers

supplied by loop L

Format : c.c. 1-3 13 ND(L)

c.c. 13 NB(L)

L~’
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5. Node Dimension and Location Code Card

This card inputs the node identification and b oa—

tio~ codes for any of the nodes in the system and the physi-

cal dimensions and heat transfer coefficient for the pipe or

heat exchanger represented. One card must be supplied for

each of the nodes specified in the system .

Basic node identification is accomplished through the

use of three indicators , generally designated in the program

as K , L, and N . K identifies the major subsection of the

distribution system in which the node appears: 1 = primary

HTW loop , 2 = secondary distribution loops, 3 = consumer

sides of load center heat exchangers. L indicates the speci-

fic loop in which the node appears : for the primary HTW

loop L 1; each of the secondary distrib ’~tIon loops is

numbered in the order in which it is supplied from the pri-

mary loop , L ranges from 1-5; the load center heat exchangers

supplied from a given secondary loop are coded with the L

number of that loop . N is the specific node number within a

loop : in the primary HTW loop, node ‘1 is the outlet pipe

fr~om the hot water section of the storage reservoir and

the last node is the return pipe to the co~d water section

from the final secondary supply heat exchanger (maximum of
I

N 13 nodes); in each secondary distribution loop , node 1

Is the outlet pipe from the primary/secondary heat exchanger

supplying the loop and the last node is that heat exchanger;

~~~~~~~~~~~~~~ -- -.-~~~~~~~~~~~ — - .
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parallel branch nodes are numbered consecutively according

to their schematic representation (see Fig. A.bO ) (maximum of

N = 13 nodes per loop). The load center heat exchangers

served by each secondary loop are numbered consecutively

according to their schematic representation (maximum o~ 5

heat exchangers per loop). Following this convention , a

nodal parameter with the designation X(2,3,8) would be asso-

ciated with node number 8 in the third secondary distribution

loop ; Y(3,2,Ll) would correspond to the fourth load center

heat exchanger served by the second secondary loop ; Z(l,1,1)

would apply to the first primary HTW loop node .

The identification codes on this card must inc lude the

N for the node being specified (K and L are supplied Inter-

nably according to the order in which the nodal data is sup-

plied), an indicator for whether the node Is a series flow or

parallel branch node (all primary loop nodes are series , the

parallel secondary loop branches and load center heat exchan-

gers are parallel), an Indicator for whether or not the node

is a heat exchanger , and an indicator for whether or not the

node contains the circulation pump for the loop (one pump

node per loop is allowed).

Dimensional data which must be supplied includes the

nodal flow channel diameter (in feet) and the physical length

of the node (in feet). For pipe nodes , the ~fbow channel

I: . ,

~~_I~~
_ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~

. 

~~~~~~ ——~~~~~~~~~~
. - - . -

~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~ - 

I

f .

119.

U) w

H ~I 1 1 1  1 -

~~

I- C~ C’) ~~

~~ow~~

~~~U) ~~~ 
- ..

1~~#
__ 

~~~~~~~~

- C~T~r~~ 
~~~~

~~—— ~~ -~~~~~~~~ -.~~
--- ‘ ~~~ 

._ - - ; 
~~~~~~~~~~~~~~~~~~~~~~~~~~



u

120.

diameter is the specified I.D. of the pipe ; for heat exchan-

ger’s, the flow channel diameter to be specified is the I.D.

of a single tube or channel between the tubes (not the

overall heat exchanger shell diameter). The length of the

node is either the total pipe run or the lateral dimension

of the heat exchanger tube bundle .

The heat transfer coefficient specified must be the

overall heat transfer coefficient for the node given in units

of BTU/hr— °F (i.e., the ‘WAt’ value for the node). For a

pipe node , this should include the heat transfer character—

t istics of the fluid film , the pipe material , any insulation ,

and the thermal resistance .~f the soil in which the pipe is

buried. The UA value specified for a heat exchanger must be the

total value for ithe heat exchanger assuming a single—pass

counterflow geometry. Since this value is assumed to remain

constant throughout the simulation and is assumed to be uni—

form along the length of the node , it should be specified at

the design average fluid flowrate and temperature conditions

for the node .

~ Variables : N — node number code (1—13 for primary loop,

1—13 for secondary loop, 1—5 for load

center heat exchangers)

ISE R ( K ,L,N) — series/parallel node indicator (.0 =

series node , 1 = parallel node)

~~~~~~~~~~~~~
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IEX(I,L,N) — pipe/heat exchanger node indicator

(0 = pipe node , heat exchanger nodes

are numbered consecutively from 1 to a

maximum of 31 for the system)

IFI4 P (K ,L,N) — pump node indicator  (0 = no pump in node ,

pump nodes are numbered consecutively

from 1 to a maximum of 6, at one node

each for the primary loop and secondary

loops)

D I A ( K , L ,N)  — nodal flow channel diameter  ( in  f e e t )

LONG(K ,L,N) — nodal flow channel length (In feet)

A U F ( K ,L ,N)  — nodal overall UA value (in BTU/hr °F)

Format : c.c. 1—3 13 N

c.c. ~—6 13 ISER(K,L,N)

c.c. 7—9 13 IEX(K ,L,N )

c . c .  10-12 13 I P M P ( K ,L ,N )

c.c . 13—19 F7.~ DIA (K ,L,N)

c.c. 20—30 E lb . 4  LONG(K , L ,N )

c . c .  3l-~~l El1.~ AUF(K ,L,N)

6. Nodal Fluid Parameter  I n f o r m a t i o n  Card

This card i n p u t s  the i n i t i a l  f l u i d  mass fb o w r a t e ,

n oda l  f I  old irJ~~t and .o~~t bet  te .~p e r a tu r e s , and  aver a~y~ f lo~~d

sp e c l f ~.o hea t , d e n sIt y  and v i s c o s i ty  for  any of the nodes ir~

the  s y st e m .  One card nus t  be supp l ied  for  each node .

__________________________________________________________ _______________ 
~~~~~~~~~~~
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The nodal fluid mass f’lowrate must be specified in

units of ibm/hr . Nodal values supplied should correspond to

the des ign values  for the system i n i t i a l  c cn d ! t i o ns  and ShOU ld

be consis tent  with the flow channel geometry within each of

the loops (e.g., the series primary loop nodes should each

.4 
have the same mass fbowrate to preserve continuity of the

flow). In all cases, the primary loop fbowrate must be given

as accurately as possible , since it serves as basic input to

the steady— .state convergence subroutine . If the steady—state

subroutine Is to be used for system initialization , the flow—

rates for the secondary loop and load center heat exchanger

nodes need not be specified precisely, since they are computed

internally during the system convergence calculations. How—

ever , estimates of these flowrates are used to initialize

the steady—state calculations , and the data provided should

be approximately equal to the expected values to speed the

system convergence.

If the steady—state analysis is used to initialize the

dynamic system calculations , the only temperatures required as

input data are the inlet temperature to the first node in

the primary HTW loop (which becomes the constant TUS fluid

supply temperature) and the supply and return temperatures

on the consumer sides of the load center heat exchangers.

These consumer temperatures should be set according to sped —

ficatioris for the end—use equipment served , and the actual

I
— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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temperatures are allowed to vary from these design values

during the simulation according to the internally—defined

thermostat control limits.

The specified nodal fluid specifIc heat , density and

viscosity should correspond to design values calculated

from the average fluid temperature conditions for the node .

The spec if ic  heat must be given in units of BTU/bbm_ CF , the

density in lbm/ft3, and the viscosit:’ in ibm/ft—hr . These

values are assumed to be constant throughout the simulation

• and uniform along the length of the node ; discont inuities at

nodal boundaries are allowed to account for variations in

the average nodal fluid temperature around each of the loops.

Since these parameters are used in the determination of the

specific nodal heat and fluid momentum transfer rates , the

values specified should be as precise as possible v~it~iin the

nodal averaging constraints outlined above .

Variables:

MASS(K ,L ,N )  — nodal f lu id  mass fb o w r a t e  ( in  lbm/hr )

T I ( K ,L,~~) — nodal fluid inlet tenperature (In °F)

TO (K ,L,N ) — nodal fluid outlet temperature (in °F)

C A P ( K ,L,N) — nodal fluid specific heat (in BTU/lbm— °F)

‘ RH 3(K ,L,N) — nodal fluid density (In lbrn/ft3)

— nodal fluid viscosit :~ (in ~~:o
’
~~ -nr)

I
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Format : c.c . 1—11 Elli~ MASS(K ,L,N)

c.c. 12—18 F7.2 TI(K ,L,N)

c . c .  19—2 5 F 7 .2  T O ( K ,L ,IJ )

ccc . 26—32 F7J4 CAP(K ,L,N)

c.c. 33—39 F7. L~ R H O ( K ,L ,N)

c , c .  ~0_ 14 6 F7.~4 M 1J(K ,L ,N)

7. Heat Exchanger Number Card

This card inputs the number of heat exchangers in

the HTW distribution system. Included should be the secon-

dary supply and the load certer heat exchangers, but not the

TUS supply heat exchanger. A maximum of 31 heat exchangers

is allowed.

Var iables:

NEXCH — number of heat exchangers in the distribution

system

Format: c.c. 1—3 13 NEXCH

r
8. Heat Exchanger Data Card

This card inputs the heat exchanger code number ,

th~ identification codes for its supply and demand side nodes ,

and the number of parallel flow tubes it contains.

The system heat exchangers are numbered consecutively

from the first heat exchanger in the primary HTW loop to the

last load center heat exchanger . The code number for the

heat exchanger given on th!z card should correspond to the
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values for IEX(K ,L,N) given on the two Node Dimension and

Location Cards containing its dimensions and heat transfer

characteristics. A maximum of 31 heat exchangers are allowed

in the system.

For the purposes of heat exchanger identification , the

supply—side nodes for the primary/secondary heat exchangers

are the primary HTW loop nodes serving them; the supply—side

nodes for the load center heat exchangers are the parallel

secondary ioop nodes servinc~ them .

The number of tubes in a heat exchanger should be con-

sistent with the specified heat transfer coefficient , physi-

cal dimensions , single—pass counterfbow geometry , and design

fluid flow conditions for the heat exchanger.

Variables:

NEX — heat exchanger cude number

K1(NEX),Ll(NEX), Nl(NEX ) — heat exchanger supply—side

identification codes [NEX IEX(Kl, Ll , Nb)]

K2(NEX), L2(NEX), N2(NEX) - heat exchanger demand-

side node i d e n t i f i c a t i o n  codes U~JEX I E X ( K 2 , L~~,~~2)~

NTB ( NEX ) — number of paral lel  f low tubes in heat ex —

changer

~~~~~~~~
~‘
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Format: c.c. 1-3 13 NEX

d . c .  9— 11 13 Kl (NEX )

c . c .  l2—l’i~ 13 Ll(NEX )

c.c. 15—17 13 Nl(NEX)

d.c. 23—25 13 K2(NEX)

d.c. 26—28 13 L2(NEX)

4 d.c. 29—31 13 N2(NEx)

c.c. 37—k l 15 
‘ NTB (NEX )

9. Circulation Pump Number Card

Thi é card inputs the number or circulation pumps

in the distr ibution system . To simplify the loop pump pres—

sure requirement analysis and fluid acceleration calculations,

only one pump per loop is allowed . The pumps must be located

in pipe nodes as indicated by the IPMP(K,L,N) code on the

Node Dimension and Location Cards. A maximum of 6 circula-

tion pumps are allowed in the system.

Var iables:

NPMP — number of circulation pumps in the distribution

system

Format: d.c. 1—3 13 NPMP

10. Storage Reservoir Card

This card inputs the ini t ial  hot and cold water

storage reservoir section volumes and the Initial hot water

storage temperature . The volumes must be specified in units 

~~~~~ .- - “ ‘-~~~~~ 
_
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of’ ft3 and the temperature in °F.

Since variat ions in the hot water section volume during

the simulation determine the required storage capacity for

system load smoothing, the exact values of the initial vol—

umes are not critical to the system heat flow calculations .

However , the volumes should be specified large enough to

preclude emptying of either section durIng the t ime period

under investigation. The reservoir sections are assumed to

be located between the TUS supply heat exchanger and the

primary loop supply and return pipes; no node IdentificatIon

codes are required for the reservoir.

The initial hot water storage temperature should corres-

pond to the  spec i f ied  f l u id  inlet  temperature  for the first

primary loop node . This temperature is held constant through-

out the simulation unless the hot water reservoir section is

emptied.

Variables:

HVO — hot water storage section initial volume (in ft3)

CVO — cold water storage section initial volume (in ft3)
p TI-LW — hot water storage temperature (in °F)

Format: c.c. 1—li E1i.I4 IWO

c.c. 12—22 Ell.L1 CVO

c.c. 23—29 ‘7.2 THW

H

j
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11. TUS Suppl’~ Heat E x ch a ng e r  ~at a  Card

This card inputs the power p l a n t  coolant inlet

and outlet temperatures , t~e initial fluid mass flowrate ,

and the fluid specific heat on the supply-side of the TUS

supply heat exchanger. The temperatures must be specified

in °F, the flcwrate in bbm/hr , and the specific heat in

ETU/lbm— °F.

The supply side inlet and outlet temperatures are held

constant throughout the simulation unless the heat flow across

the heat exchanger demands that either one or both be modi-

fied to comply with the Second Law of T h e r m o dy n a m i c s .  The

inlet temperature should be specified high enough to provide

heat transfer to the primary ~iTW loop inlet fluid ; th .- cutlet

temperature should be as low as possible for efficient power

plant operation , yet high enough to provide ~j~ at transfer to

the primary loop return fluid .

The exact value for the coolant mass flowrate required

to transfer the available heat within the specified tempera-

ture limits is computed internally d u r i n g  the initialization

o~ the system. However , a non—zero value for this parameter

should be supplied to the program to avoid the possibility of

computational overflow errors during this j or-tion of the

simulation .

The specific heat of th~ f~ u~.i should correspond to the

value calculated for the a~~ru~t- flu1:~ tcr rt~erature in the

~
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heat exchange r ;  the  s p e c i f i c  heat  remains unchan ~~ed d ur i : ’~

the s i mo la t i o n .

Var i ab les :

THG — coolant  in le t  t emperature  ( ° F)

TCG — coolant  o u t l e t  t empera tu re  ( ° F )

MGAS — coolant  mass f l o wr at e  ( lb rn /h r )

CAPG — coolant s p e c i f i c  hea t  (BTU/ lbm— °F)

Formate :  c . c . l — 7  F 7 .2  THG

c.c.8—l~1 F7.2 TCG

c.c.l5—25 Ell.14 MGAS

c.c .26—32 F7.L~ CAFG

12. Ambient Earth Temperature Card

This card inputs the ambient earth temperature at

the average burial depth for the distribution piping . T~ ~o

used in the calculation of heat losses from buried pipos :m

c o n d u c t i o n  losses to the ea r th  f rom b u i l d i n g s . The earm

tamperature must be given In °F.

Variables :

TAMB — amb i e n t  e a r th  t em ne r a t u r e  ( i n  °F)

• Format : c.c. 1—7 F7.~ TAMB

• 13. Power P i u n t  T h e r m a l / E l e c t r i c  Energy Co n v e v o i on

E f f i c i e n ’ rd

This cu r d  inputs tue overall power plant t .he~-mu L ,

electrIc ener’ o- -.~ cc-nv ~‘: LIn - t t ’L I e n ~~v as t h e  ratio or h

-- - . . ~~~~~~--~~~ -~~~~~~~~~~
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electrical energy output from the generators to the thermal

energy conten’t of the fuel burned . It is used in determining

the  to ta l  energy consumption for e l e c t r i c i t y  p r o d uct •i o n  in

conjunction with the heat available to the thermal system .

The efficiency should be given as a decimal fraction. .

Variables:

EFF — power plant overall thermal/electric energy

conversion efficiency (decimal fraction)
Format : c . c .  1—7 F7 . Lt EFF

l~ . Pump Response Sensitivity Factor Card

This card inputs the circulation pump response

sensitivity factor for all the pumps in the system. This

factor is applied to the difference between the projected

pressure settings and the existing pump pressures to provide

an accelerated re.~ponse to the loop fluid fbowrates when the

thermostat is activated. A factor of F results in the pump s

being set at pressures equal to the required pressure plus

F times the difference between the required and existing

pressures. Therefore , a factor of 2.0 results in settings

• o f :

• P = 3 P  .. 2p• set required exist ing

Higher factors result in faster response times; very fast

response times should be avoided since they can result in

overshooting of the desired flow conditions and instabilities

In subsequent heat flow calculations . The factor is dropped

from the pump settings when the loop f lows have accelerated
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to within 1% of the desired values.

Variables:

PSENS — pump response sens i t iv i ty  fac tor

Format : c . c . l — 7  F7. ’4 PSEN S

15. Time Increment and Print In terval  Data Card

This card inputs  the number of time increm ents  per
.1 hour to be used in the transient calculations , the number of

increments between system information printout , and the size

of one t ime step . The number of increments per hour and

the number of increments between printouts should be given

as integer numbers; the number of increments per hour must

be a whole number mul t ip le  of the number of increments  per

printout . A minimum of 1 printout  per hour Is allowed ( i . e . ,

the number of steps between printouts = the number of steps

per hour). The time step sI~ e should be given as a decimal

fraction of an hour.

A small time step size results in increased accuracy In

the dynamic calculations by allowing a closer modelling of

the continuously varying system conditions . However , short

time steps also result in considerable increases in the

total computational time for any given simulation. Conversely,

longer’ Inc steps reduce both computa t ion  time and model ing

accu racy .  Ecr each s imula t ion , a compromise  value mus t  he

chosen whIch reflects the more important of the computational

parameters desired for the iven r un .

_____________ -
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Although it is possible to print the entire set of sys-

tem parameters for every time step in the simulation , it is

advisable both for run time and data reduction purposes to

• print out this data only at a frequency high enough to give (

meaningful output . If the system exc itation condit ions vary

4 greatly from hour to hour , a print interval of once every

quar ter hour may be necessary to y ield the des ire d detail in

the output; for slowly varying conditions , an outo u t list 1n~
once every hour could be sufficient .

Variables:

NSTEP - number of time steps per hour

NPRNT — number of time steps between printouts

• DTIME — single time step size (as a decimal frac-

tion of an hour)

Format : c.c. 1—5 IS NSTEP

c.c. 6—1 0 15 ~IRNT

c.c. 11—18 F8.5 DTIME

16. Building Tyne ~unber  Car d

This card inputs the number of different building

types to be served by the total energy system. For the pun—

poses of determining this numbor , a distinct bu Ildim~ ty pe

Is defined as one havln ,~ representative physical dlmonsi ons ,

occ up a n c y ,  room ten erature requirements , and mater ials heat

tranofer characteristics. B u i l d ir i c s  used for similar nu~ pases

and having similar p h y s i c a l  characteristics should be p laced

. ~~—~~~~~ --- 
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in a single type class , even though  there  may be di~’fe r u n c e s

in theIr  de t a i l e d  c o n s t r u c t i o n  or layout . A m a x i m u m  of 20

d i f fe r e n t  bu i ld ing  types  is allowed .

Var i ab l e s :

NTYPE - nu mbe r of building ty pes served by sys tem

Format : c.o . 1—3 13 NTYPE

r 17. Eu l d i ng  Ha te r ia l  Heat  Transfer  Parar~~ter Cai -~

This card inputs the exposed areas and t h e r m a l

resistances of the walls , windows , roof , and ground—contact

material for the building type specified by its building

code number. The areas must be given in ft2 and the thet mal

resistances in (BTU/hr—ft 2— °F)~~~. One card must be input ics

eac h buIlding type as specified on the Building Ty:e huma~1r

Card.

The bu ild ing type  code number is simply an in teger

which identifies the particular building type beiro spe cifit~

Types should be numbered consecutively for any ilven simai~ —

tion; a maximum of 20 building types is allowed.

The areas s p e ci f i ed  scou ld  be the total exposed sui~fao- e

for each comsonent of the building. TDIST assumes all c u i l t —

• ings to be square and :-vmmoar ~ oal and it w i l l  1~;e 2 5% of tb .:

total specified areas of the walls and windows w h en  calcula--

tions are performed on a per—wall basis. The g r o u n d - c o n t a c t

ar-c a of the tui idi r •r should be the t :t~~I bas~- ment Soc  ace

area ir contact vith the surnc.m ting sc~~l or the sorfacv are .-

- - . • ~~~ ~-—- —• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _
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of the bu ild ing ’s base slab , if no basement exists. The

roof area , if th e r oof  is no t  f l a t , should be the ho ri zontal

mo~ ection of the t o t a l  p i t c h e d — r o o f  a rea .  The P ar am e t er

values should be typical for the similar buildings within

the type class be ing specified . It is recommended that

buildings w i t h i n  the  c ommunity  be ing  s tud ied  f i r s t  be c a s s i—

fied according to type and then that a representative build-

ing be chosen as the norm for each grouping. Physical dimen-

sions and construction materials specified for each building

type should be consistent with actual data for these norms .

Care should be taken to ino~ ude in the specified areas only

those sections of the building exposed to the external ele—

• ments , since the heat transfer calculations assume losses

from the building only to the surrounding ir and the earth.

The heat transfer characteristics for compound materials must

be correctly combined to produce a single coefficient for the

~a:-ticular section of the building specified. Wall and roof

thermal resistances should include the inner surface film

convection resistance and the composite thermal resistance

of the materials from which they are constructed; the code

computes the outer surface convection resistance based upon 
—

a spec ified surface roughness coefficient and the instantane—

ous wind  velocity , and adds this surface term t o  t h e  user—

supplied resistance to produce a total heat transfer coeffi—

d ent for the component being analyzed. If walls are con—

• structed differently throughout the b u i l d i n g ,  the  various

~ L • -~~~-~ - —‘- 
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s e c t i o n  va lues  should be combined  to or odu -c e a s in - l e  aver:o-a

wal l  c o e f f i c ien t  f o r  the  b u i l d i n g .  ~.-ihen specIfy Inc anece

p ar om e te r s , it  shcold be remembered that all factors in f u e n —

cing the  net  t r a n s f e r  of heat  f rom t h e  i n t e ri or  of t h e  b-c i~-

ing to it s  sur roundings  m u s t  be i n c l u d e d  b u t  that h~~at  t r a m :-—

for within the boi lu ng itself is neclected .

~T arl :coles

I — b u i i din ~ ty p e  code number

— ~~~~ij i r~r expo sed  wa l l  area ( T h  ft 2)

~T W ( 1 )  — a - ; c r a - ~ . - wal l  t h e o ma ]  r e s i s tan c e  ( i n  h r — f t 2 —~~P/

BTU )

— b u i l d im o  .:~~n :r;-; a rea  ( i n  ~~2

• 
F :~~~~U ( I )  — average w in d o w  therma l r e s i s t a n c e  ( in  h r —f t  2 _

°F/BTU)

AR(I) - building r~:of area (in fr 2)

RTR(I) — average roof therma l resistance (in hr-ft 2—

°F/BTU)

AP (I) — bu Ilding exrcosed floor/basement area (In ft2)

FTf- (I) — - r o u n d — c o n t a c t  m a t e r i a l  the rmal  reo~~s ta n c e

( in h r— f t 2 — °F/13TU )

; a om O .. : c . c .  1—2 12 I

c.c. 3 — i O  P 8 . 2  A W ( I )

c . e .  i:. — l d  P 8 .3  RT -:(I)

°.e. 1 9 — 2 6  F 8. 2  A~~~~D ( I )

c . c .  2 7 — 3~4 F 8 . 3  RT~i D ( l )

- -  — - — c- ~~
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c.e . 35--~ 2 F8 .2 ~~ ( I )

0 .0 .  ~3—5 0  F-5 .~

c . c .  51--~~l P1 .2  A F ( i )

4 c .c .  59-66 P 6 . 3  F 2 F ( I )

16. 3~~~~~~~~~~~~,~~~~~~~i r  T h f i l t r o t i o r~ P o c t or - Car l

This cord int uts- the Irtfiltr ~t icc. air f l c ~-~ c o ef f i -

C.~ :nt s  C and N arc -a the infilti-ation crack dimensions for

wircur — J o and doors of t he  toildiflg t yn o  specified by it s  code

number. Alec inn-ut are the coeff eients 0 and N fo r  the

building ’s wa~~ s. The card must be supo lied for- each bau d—

ing type as sr- -ecifled on an . P~~I~. dir ~g Type Nnccer Card .

The coeff icients C and N (obtained from Table A.3) are

used to translate th~ oombi m ’ c effwct s of win d and stack

effect induced pr’::o ~re d~ fferenco:- in t o  air :‘lowrates in

oF~: per l I n e a r  f e at  of c rack  (or , in the case c-f tn~

per square f o ot of rur ftce ar ea ) .  fince the infi1~ ruti-o n

air’ finwrate fo r the bui ldinc Ic directly oroportiomal to C ,

extreme cart- shou~ I be -cxerci •:ed u s.elcctino values from

the extremely w~~ie range of awailaL Ic opeci ficot ions which

accurately reflect the r’c-; r- - o - .e : nt a t i v c  ru ing ’ s co:cs t ruc~ u s

caaracteriStios . he va lue  of 0 :r -~ at  for t h t  w i n o ~~ws shc~~li

he  t h e  r u m  of the  -w . r • 3 0 w  and  f r a m e  c o e f f i c f  - c u t s ;  N euould be

tb -c avera re of th e  w i r J o ;~ an d fr a me  c o e ff i c i e n ts .

~e o c u s - c  a i r  g en t - r a l l y  f l o w s  n t  o a b u i l d i n g  on eri e sict’

~ 

~- . •
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and out  of the b u i l d i n g  on the opposite sloe , t f l~ c r c -

l eng ths  s p e c i f i e d  a r o un d  doors  and w i n d - c :-: c h - ou l I  b c  50~

of the t o t a l  c n a c~~s measured  f o r  the buildin-

double volume counting in the f l o w calculations .

Var iab le s :

I — h u l l - d i n g  t op e  code n um r e r

DCL (I) - d o o r  crack length (in ft .

D1NI (I) - door crack flow coefficient C

D I N N ( I )  — i-con cra ck f l o w  c o e f f ic ie n t N

WDCL( i ) — ~- ; in dow crack i engt h ( in f t . )

WDINC(1) — window crack flow coefficient C

— window crack f low c o e f f i c i e n t  N

~ I N C ( I )  — wall  crack f lo w  coeff ic ient C

W I NN(I)  — wall  c rack  flow coefficient U

Format : c.c. 1—2 12 I

c.c. 3— 10 ~ -3. 3 D C N ( I )

c.c. 11-18 P8.3 Li’ : ‘ ( I )

c.c. 19-26 F 8 . 3  ~ I N N ( I )

c . c .  27-3~ P 8 .3  W D O L ( I )

o . c .  3 5 — ” 2  P 8 .3  WIU . N C ( I )

c . c .  L 13~~50 P 8 .3  W D I N U ( i )

c . c .  5 t — ~-8 P 8 .3  W I N C ( I )

0 . 0 .  5 2 — - - 6  P 8 . 3  ~~~~~~~~~ ( I )
-

-

- :: ~~. ~~~~~~~~~~~~~~~~ ~ThIIIIIIIIIIIIIIIIII ~~
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~-o~~id i n c ::~ scenaneous Data  Cara

e c~ i ~at :  ccoes  for  tn  s~~ ’ a~~e r’~ - 
~~~

~~ the  wa l l:  and roof , tri~ he igh t , and two  noo n imal  ma: - irrwwa

v e n t i l a t i on  air f lowra t e  for  the b u i l d i n g  s p e c i f i e d  by i ts

t y p e  code n u m b e r .  The b u i l d i ng  h e i g h t  must  be s p e c i f i e d  in

f t .  and t he  a i r  f lcw r -a t e  in OPU . One card mus t  be m oot for

each b u i l d i ng  type as specifIed on the- hu i l d i r o g ujyne Number

Card .

The wal l and roof surface material type codes are used

as indices for internally- otored surface roughness coeff I—

d ents used in the  c a l c u l a tIo n  of th e  su r f a c e  C c n v e c t i O f l

t h e rm a l  r e s i s t a n c e s .  The codes should be in p u t  as integer

v a l u e s  a c c o r d i n g  to t h e  f o l l o win g  c l a s s i f i c a t i o n s :

1 — ocucco — clear pine

2 — brick , rouch plaster 5 — sm oo th  p l a s t e r

3 — concrete 6 — g l ar e , w h i t e  -a in t
on p i n -c

W h o  n select in c-  the a p nr o n ni a t e  code for’ the w a l l  or roof

material in the- bu Ll-ling b e T h - - s p e c i f i e d , i t  sh oulo  be r en er . —

berTh that the Important par Lm yt - :r indicated t .  these codes

Is the r : : I at ivo  :ur ~ aco  r o u g h n e s s  and n o t  the exac 4 type of

surface material.

The r e a R  ver t -t i a t  Itri Thy f l o~-; r -a te  is ~:-~~~ as on I n d e x

for t he  : ch : : u i lr ~c of v t - n Y  I :it~ -on wh io b is compared wi~ h the

c a m p u t e d  I n f i l t r a t i o n  air f~~c.-:i ~te: to o b t a i n  t h e  hea t  loss

Ye ~o d i r - o c t  a i r  exchanges b e t w e e n  the building ’s interior —

-~~~ •-~~~~~~.--~~--- - ~~~~~~~~~~~~ ——
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and exterior. This flowrate need not be limited to only

buildings containing forced—air ventilation equipment , since

the code considers the opening of windows to cause a venti-

lation ra ther  than an infiltration air exchange . The peak

value Input  on this  card should generally be obta ined from

ei ther  b u i l d i ng  code spec i f i ca t ions  of the required ven~ila—

tion rates for various structural and occupancy classifica—

t ions , or it should be based upon measured air exchange da t a

( su c h  as a t y p i c a l  number of air changer  per hour ) fo r  the

soe clf i e d  bui ld ing .

Variables :

I — bu i ld ing  type  code number

M T W ( I )  — wall  su r f ace  mater ia l  type code

• MTR(I) — roof surface material type code

BH~ I )  — building height (in ft.)

A IN FL ( I )  — peak v e n t i l a t i o n  air  f l owra t e  ( i n  -CP~~)

Format : c.c. 1—2 12 I

c.c. ~~~—6 12 M T W ( I )

c . c .  ~— l 0  12 ~ T F ( I )

c . c .  13—1 9 P 7 .2  ~ H ( I )

c . c .  2 0 — 2 9  F l O . 2  A I N F L ( I )

20 .  ~u i l d i n~~~T h l a r ’  Data ,  Tut e rnal  H e a t i n g ,  and

t o r c p c t - i c -~Th -later  Data  Card

“cr1 irg ate ~rc c- building ori-rntattrn , internal

w l n J o w  r h a  Th- c o o f ?~~c en t  , w a l l  ar.i r o c O  sh c - i t s - ~ c c e f f i —

— —~ . -~~~~~~~—---~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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cleat: , - r o l l  r : cf  — - acer ’~ al s -lot ’ at :0r: ti-cities , tb - c

m a x i m u m  r a t e  c-f r l o r c — : c a  e— -: r- - c : : or~~n a  n~~at t r : cu . —

and  tm ~ am- : am ]  :- .ar l~ . :m r a t e  o f  s e : - : I c e  n o t  U-:~t’:r

aor:scAnntl on f-c r o n e  b a i l  I t ru . :  s n o c i fi e c :  b y  it s  t y t o  : m-: t --:

- c - ode .  -Inc card Is r e cu i r o d  for -  e a r n  b u i l d i n -  t y n e  os s pe d --

fl-a d on the  ~- u i I - ~ln ~ T r e e  North -c: - Card .

The co r’i : -nt a t  ion  of ’ th~ b u l l  m r  ir  m e a s ur - ~d i: I - o r - c- es

c l o ck - : i e e  f rom N r a n , inc is :-efei ’en o~ to  t h a t  1 . -h o s e

nor -too l  is c loses t  to  N o r t h .  l a s s , if  a c u r i l d i  a. eriC w a l l

f a c i n g  n o r - t a , i t s c :’leml ao i  0 a m - lo w - r a i d  cc C ° ; one wa ll

f a c i n g  N c r t h - ~-a s t- u.,- c l  -d r e s u l t  is  a: -r en t a t  low o : - ~ ~~
O

t h e  s p e c i f i e d  t- -u i l d i n o  r- c- p r -  c c - u t - c  agor -og at i on  of c - -veo - 1

r a n d o m l y — o r i e n t e d  un i t : , one re -~r- ace w a l l  a n  ~le ~U o u l d

ap p r ox i m at e  any obscr -- :c i  t r en d :  a the  i-c ca l  ::r - .  en a u t i o n s .

( I t  should be noted a m ot  two  or i e n ta t i on  mast . always l ie  :-

in  the  range  00 < < 900 , s ine : to -  bui ld  in g  is as r sr :- ca  I-c

t e  s q u a r e ) .  For- th e  r u m p  c - sea  of ’ ccx: ’u t i r . g  b a  is t n  a p-ar--

wa l l  ba s i s , t r c C  c’ef ’ -r r e r c c -  w a l l  is d o s iy r i a r - c d  ai - -Th , aTh the

w a l l s  are n u : o e r - c - d  -c loo -:uise f r - c m  t he  N - c - i - t a .

The- l i ct e r r i a  ~ w i r -:m- - - s -  i d i r g  : : oc - f f l oi e -n t  l:~ u t  05 t h i s

ca rd  is , in a se n s - : , a r e c ip r o ca l  s n u- i i - :g co e f ’f T h i on t ” s ince

i t  a c t u a l l y  in U c a te s  m~- o . m: ro  D f on e  a m ou n t  -: 1’ o c T h r ’  ~ne~’:y

incident ~p f l  a ,-al n w a  w h I c h  0: t r : n i c r t it t  I ~r:d cc - r iveI ’ c- c- u to

at w i t h i n  the b - . i i l u d i n c .  -The c o o f f i c t  . r . ~~~ Th i t 1 at  as

d e c l ~~-ti f r - a c t i o n , ai ’ - - 0 1::: i c - a t - i t i r  f’u~ 1 :ht-a  Iso, and 1 .2

Li~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- - - -

~~~~
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indicating no shading . Included in this value should be the
-

‘ 

effects of such fixtures as double glazing , t-inted glass ,

venetian blinds , drapes , shades , etc. (i.e., anythIng in—

side the exposed surface of the window which would modify

a- the solar heating obtained from clear 1/8” single pane glass).

Table A .6 contains shading coefficients for a range of typi—

cal window configurations , and References Lj and 5 contain

more complete listings.

Exterior surface shading coefficients (actually , reci-

procal shading coefficient s or lighted fractions) are input

on this card for each of the four walls of the building and

its roof. As is discussed above , the walls are numbered

consecutively from 1 to LI , clockwise from the North , and the

roof ~is assigned an equivalent wall index of 5. The exterior

shading coefficient for each of these surfaces should provide

an estimate of the fraction of that surface , under direct

sunlight conditions , which is actually lit by solar radiation .

Thus, if the building is immediately adjacent to a larger

building abutting its southern wal l , the coefficient for

wall #3 would be 0; conversely , if the North wall is complete—

ly free of shading, even though the sun may never actually

shine directly upon it due to its position in the sky , the

coeff icient for that wall should be specified as 1.0 to m di—

cate that any radiation available to the ~.?all will reach i t

unimpeded . When aggregating several randomly—oriented ba i l- i —



—
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ings into a sIngle representative unit , estimates should be

made of the net effects of exterior shading upon these

buildings and the aggregate data should cc used to derive

effective wall and roof shading coefficients.

-
- 

The wall and roof material solar absorptivities are
- 

- 
measures of the fraction of the solar radiation incident upon

those surfaces which is absorbed and converted to heat within

the building . In general, the values specified will depend

upon both the color and the composition of the surface. A

range of typical absorptivIties is listed in Table A.7, which

has been extracted from more comprehensive summaries in

References ~I and 5.

Also input on this card Is a value for the nominal maxi—

mum rate of internal building heat generation from all sources

not directly associated with space conditioning (e.g., lights ,

motors , appliances , people). This peak value should be input

in kW , and It serves as an index for the scheduling of non—

space—condition ing heat generation as a function of building

occupancy and Intensity of use.

Finally , a measure of the nominal maximum rate of service

hot water usage (e.g., showers, wash basins , cooking, etc.) is

required to be input in units of ETU/hr. ThIs peak , as are

those for ventilation and Internal heat generation , is used

as an Index for an hourly hot water heating demand schedule

for the building . Since most tabulations and field measure—

I
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ments of domestic hot water consumption are presented in

units of gallons/hour, converting these rates to the data

value required on this card necessitates estimates to be

made of both the municipal water supply temperature to the

-: building and of the water temperature at the heater outlet

to determine the energy demand per unit flow .

Variables :

I — building type code number

WA(I) — building orientation (in degrees from North)

WDSC(I) — window internal shading coefficient (decimal

fraction of incident radiation which is

transmItted as heat)

FWLIT(I ,NN) - fraction of surface NN open~~ direct

solar radiation [NN = l—4: walls ,

NN = 5: roof]

WSAB(I) — wall material solar absorptivity (decimal

fraction of incident radiation absorbed)

RSAB (I )  — roof material solar absorptivity (decimal

fraction of incident radiation absorbed )

POL(I) - nominal peak internal heat generation rate

from non—space—conditioning sources (in kW)

DH1.4(I) — nominal peak domestic hot water consumption

rate (in BTU/hr)
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Format : c . c .  1—2 12 I

c . c .  3 — 9  F 7 . 2  W A( I )

c . c .  10—14 P 5 .2

c.c. 15—19 F5.2 F W L I T ( I ,l )

c.c. 20—24 F5.2 FWLIT(I,2) -

c . c .  2 5-29 F 5 . 2  FWLIT (I ,3)

c.c. 30-34 F5.2 FWLIT(I,LI )

c.c. 3 5— 3 9  F 5 . 2  F W L I T (I ,5)

c.c. 40-44 F5.2 WSAB(I)

c.c. 145~~49 F5.2 RSAB(I)

c.c. 50—58 F9.2 
- - 

P O L ( I )

c.c. 59—69 E11. LI D H W ( I )

21. B u i l d i n g  E x t e r n a l  Supply Data  Card

This cai-i input- s the number of units of a building

type which are riot served by the TUS and , of that number ,

the fractton which have electric resistance heaters and the

fraction having heat pumps. One card must be supplied for

each of the building types specified on the Building Type

Nu a mber Card .

Those buildings not supplied with HTW are considered to

he part of the TES “external s ys te m ’ and have their energy

needs supplied electrIcally. Because no detailed electrical

distribution system analysis is performed by the code , only

the total number of buildings and their mode of energy 

— — -~~- --— — — — —— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 44
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supply are required for the calculation of the external sys—

tern electrical demand . It is assumed that all the specified

external system buildings have compressive air condItioners .

However , the required resistance and heat pump fractions

need not sum to 1.0, since the code allows a fraction of the

external buildings to be heated from in—house fossil—fired

furnaces which present no load to the TES.

Variables:

I — building type code number

NUEX(I) — number of units not connected to TUS

FREXT(I) — fraction of electrically-supplied units

having resistance heat (decimal fraction)

FHPEX(I) — fraction of electrically—supplied units

having heat pumps (decimal fraction)

Format : c.c. 1—2 12 I

c . c .  3 — 7  15 N U E X ( I )

c.c. 8—12 F5.2 FREXT(I)

c.c. 13—17 F5.2 FHPEX ( I )

22. B u i l d i n g  Type and End—Use EquIpment Distribu—

tion Card

This card inputs the number of buildings of a given

type served by a load center heat exchan~er. Also given are

the total number of -c ompressive orJ absorpt ive air condi-

tioning urii. t~ an-i the number - of electrIc-U resiirtance heating

units , heat p u m p : a n d  h - t water heattno u r I t s  ccr~~al n ed i s

— 
-~~~~~~~~~~~~ -~~~~~ - - -— - -~~~~~~~~~~~~~~~ :
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these buildings. Since the program read s these cards

according to building type within each heat exchanger area ,

one card must be supplied for each building type for each

load center heat exchanger , even if a particular heat ex— =

changer does not supply every type (e.g., if there are L~

secondary loops with 5 heat exchangers per loop and a total

of 6 buildings types in the community, a total of L1x5x6 = 120 - 
- :

Building Type and End—Use Equipment Distribution Cards must

be supplied). The order in which these cards should be

placed in the data deck is: for the first load center heat

exchanger , NTYPE cards should be input consecutively accord-

ing to the building code numbers defined by the Building

Type Number Card ; this sequence Is then repeated in succes—

sion for every load center heat exchanger .

Buildings should be apportioned to the various load

center heat exchangers so as to provide a fairly uniform

load distribution among the heat exchangers in a given loop

and among all the loops in the system. If no buildings of a

given type are served by a given heat exchanger , “0” may

b~ specified for the number of buildings on the Building

Type and End—Use Equipment Distribution Card , or the card

may be left blank .

End—Use equipment should be distributed throughout the

system so as to provide an optimum thermal/electric energy

utilization efficiency for the community as a whole . The

— 

- 

— — _ a o v c - o a -  -~~~—.._ :m - 
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data given on this card for the numbers of Individual heat-

ing and cooling units serving a particular building type in

a given area of the community is used by the program to -

distribute the space conditioning loads among the various

= equipment categories provided . The specific numbers given

can be the number of buildings served by a particular equip-

ment type or the total number of indIvidual units of that

type in the area being specified. However , the numbers

should be specified consistently throughout the system and

must present a true indication of the relative equipment

distribution in each consumer sector .

Variables: -

NU(IX ,I) — number of building units of type I served

by heat exchanger IX

NCM P ( I X ,I) — number of compressive air conditioning

units in buildings of type I for heat

exchanger IX

NABS ( IX ,I) — number of absorptive air conditioning

units in buildings of type I for heat

exchanger IX

F NRES( IX ,I) — number of electrical resistance heating

units in buildings of type I for heat

exchanger IX

N H P M ( 1 X , I )  — number’ of heat pump s in buildings of type

I for  heat ~xch-an~er IX 

- - ~~ - :  ~~- -
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~c E W f - ( I X , I )  — n - mb er -  of hot  w a t e r  iceat ial .  u n i t s  in

b u i l di ng s  c-f t y p e  : f or -  h e a t  exchanger IX

P ornat : c . c .  1—5 15 ::N(Ix ,I)

c .c .  6-10 IS N C~- i P ( I X , I)

c . c~ 11—15 IS N A B S ( I X ,I)

c . c .  16-20 15 
- 

XRE S ( IX ,I )

c .c .  21—2 5 15 N H P I ( I X , I )

c . c .  26-30 IS N H W S ( I X , I)

23. End—Use  E qu ip m e n t  E f f i c i e n c y  Data Card

This card inputs the efficiencies (or coefficients

of performance) of the c omrressive and absorptive air condi-

tioning units , the electrical resistance heating units , heat

pumps , and hot water heating units in the system. For the

compressive air conditioning units , hea s  rump: an d elec t r ical

resistance heating units , this efficiu~ncy  should be expressed

in terms of the rated BTU/hr heating or cooling capacity per

BO T/hr equ ivalent of the r e a wi re d  input  electrical power.

For the absorptive air conditioning and hot water heating

u n i t s , the efficiency should be expressed in terms of t he

rated bTU/hr heating or cooling capacity per BTU/hr of the

input thermal power. The specified efficiencies should be

consistent with the operating characteristics of Ohs- variou s

ecul ptoent under system de:-i~ n s u p p l y  t empe~’nt - -n ’e and i’ocm

space cond it i-criin~ re :: i r~r’- -~n t s .  The n-cminal heat . p u m p  C3F

should be :pecifie-i at an a m b i en t -  a ir  i e t - p s - : n t u r e  of 32 °F

- —~~~~- -- — - ---~ --~~
-
~~~~~~~~~~~~ _____
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-

- - 

and a room temperature of 68 °P ; nom inal compress ive and =
-

= absorptive air conditioning COPs are defined at an air

temperature of 90 °F and a room temperature of 75 °F. A

non—zero value for the efficiency of each equipment type

-- 

- _ 
should be given , even though a given type may not appear

anywhere in the sys tem.

Variables:

ECMP — compressive air conditioning unit coefficient

of pe r fo rmance  (d i m e n s i o n l e s s )

EABS — absorptive air conditioning unit coefficient

of per formance  (d imens ion l e s s )

ERES — electrical resistance heating unit efficiency

( d i m e n s i o n l e s s )

EH PM — heat pump coefficient of performance (dimen-

sion le s s )

EHWS — hot wa te r  heating unit efficiency (dimensionless)

Format : c.c. 1—5 F5.2 ECMP

• c.c. 6—10 F5.2 EABS

c . c .  11—15 ~‘5. 2 ERE S

• c.c. 16—20 P5.2 EHPM

c.c. 21—25 F5.2 EHWS

2 1 4 .  Case Input  Mass  F lowea te  Sc-U ~ Fac to r  Card

This card Inpu t s  the  case  inpu t  ma ss  f l ow r at e  scale

factor used to scale t h -~ fiu i— i ma ss flnwrate : specified on

the ~bcda1 F l u i d  P a r am et e r  1 n T h r -m a t~~-cn T h r i s .  In genera l , a

~ 

.~~~~~~~~~~~~~~~~~~~ -~~~~~-__-_-— y__ _~~ _ 
~~~~~~ -



150.

value for this factor other than 1.0 should not be scuecified

unless the or~ly input parameters to be varied between two

given simulations are the nodal mass flowrates , which are

scaled uniformly throughout the TUS . In this instance ,

this factor should be the ratio between the desired flowrates

and the originally specified values , and the Nodal Fluid

Parameter Information Cards need not be re—punched.

Variables: -

CSFAC — case input mass flowrate scale factor

Format : c.c. 1—7 F7.4 CSFAC

25. Solar Data Card

On this card are input the latitude of the communi-

ty being studied , and the solar declination angle , the appar—

ent solar constant , the atmospheric extinction coefficient

and the sky diffuse factor for the day on which the simula—

tion Is performed . Also input Is the hour of the day at

which the Initial system loads are to be calculated and the

steady—state system analysis Is to be performed .

The latitude should be input in (positive ) degrees

ndrth or south of the equator .

The solar declination angle , apparent solar constant ,

atmospheric extinction coefficient and sky diffuse factor are

observed insolation parameters which du - end upon the time of

year as summarized in Table A. 14 . The solar declination angle

should be input In degrees. The apparent solar constant ,
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which measures the Intensity of a direct solar beam normally

incident upon a horizontal surface under clear skies , is

input in BTU/hr—ft2. The atmospheric extinctIon c o e f f i c i e n t

indicates the absorption in the atmosphere of direct so la r

E radiation , and the sky diffuse factor measures the disper—

sion of the solar beam as it travels through the atmosphere.

The time of day input on this card is the hour at w h i c h

the initial system calculations are to be performed and is

the beginning t ime of the dynamic ana lys i s .  Since all t i m e-

dependent data is read sequentially on an hourly basis with-

out specifying the precise time of day with which it is

associated , this beginning hour indicator initializes the

time clock and is used to assign solar time values to each

hourly data point . A continuous 214—hour time clock is

employed by the model , with midn ight being ass igned ar hour

indicator of 0 and noon an indicator of 12; a simulation

covering the 12-hour period between 2 PM and 2 AM , for exam-

ple , would have 114 as its specified beginning hour and would

terminate at hour 2.

Var iab les :

ALAT — l a t i t u d e  of loca t ion  ( in  degrees )

DECL — solar declination angle (in degrees)

A SC — apparent  solar c o n s t a n t  ( i n  E T U/ h r - ft 2 )

AEC — atmospheric extinction coefficient

SDF — sky d i f f u se  f a c t o r

LBHR — beginning hour  of simulation period (0—23)

~~~~~~~r.. ,. ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~-~~~ - - --- --—--~~-- - - -~~~~~~~~~~~~~~~~ “
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- 
Format : c.c. 1—5 P5.2 ALAT

-= 
c . c .  6 — l i  P 6 . 2  DECL

c . c .  12—16 P 5 . 0  ASC

c.c. 17—22 F6.3 AEC

‘ I c . c .  2 3—28  F 6 .3  SDF

c . c .  29— 3 1 13 IB}-I R

26. Power- Pla~ 9 a t i n — r  and Peak P ori — Cr = -- - a o e — C o n d i —

t ionIn o E le ctr ical Deman d Data Card

This card inputs the Dower plant thermal rating

and the peak non—space—cond ~ tioning electrical load for the

community. The power plant output must be given in r-Twt and

the electrical load in MWe .

The specified power plant thermal output is held con-

stant throughout the simulation and provides the total power

input to both the electrical and ther m ai=  energy  distribution

systems . This o u t p u t  power level should be set appr ox ima te l~-

equal to the average total energy demand for the community

• over the  period of the s imula t ion . Higher  o u t p u t s  wi l l

result In a net storage of energy in the reservoir during

the simulation ; lower outputs w i l l  result in a net removal

of heat from the reservoir and possible inability to meet

the peak enerty demands of the c a n m un i t y .  The p r o gr am uses

the  power plant  ou tpu t  as p r i m ar y  input  to the d y n a m i c  s y s t e m

calculations ; the heat available to the thermal distribution

_______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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system is given by the difference between this constant cut-

put  and the instantaneous energy demand for electrical power

production.

• The elec trical load specified on this card shoUld be

the peak electrical rower demand , excluding space condi—

= t ion ing,  for the c om mu n i t y  over the period of the simulation .

To eliminate space conditioning effects , the electr ical l oa d

data spec ified should be representative of a minimum demand

period during the A u t u m n  or Spring, when neither air condi—

— tioning nor space heating is required.

Var iables :

RTBL — power plant constant total power output (in MW t )

ELB L — peak community electrical load excluding space

cond itioning (in MWe) - {

Format : c.c. 1—10 Fl0.0 RTBL

c.e. 11—20 P10.0 EL3L

27. Primary Program Flow Control Code Card

• This card inputs the primary program flow control

code KODE , which identifies the general t y n e  of program exe-

cution to be performed according the the following conventions :

KODE O : Perform buildino load analysis (it’ ~~ES=l)

or per form TP.~ stead :- - — : t a t e  ::nve:’-:en:e

(If IPES=J~~,

K OPiT~~l :  P e r f o r m  h o u r l y  : i l d~~n g load  :-w-o c o’v

s-~- :- ; s r c : e  ~~T X r O , TDE-i ’ l

a:’ p E ~r ’f o r-a i~.n a m i c  s y s  em an = ~ v S i  ,
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KODE=2: Terminate program execution .

In l imited cases , KODE may be input  more than once for a

given c omputer run to transfer control of program execution

from one program option to another . Examples of such sequen—

tial operations are:

KODE= 0, IDES=l, KODE 1: Computes , adds and distributes

building load s at one time instant and computes up

to 24 hourly building space conditioning loads ,

KODE=0, IDES=0, KODE 1: Steady—state system analysis

used to internally initialize dynamic simulation

TUS parameters , and

Nesting of several combinations of KODE O and IDES O ,1

are also poss ible to analyze severa l Instantaneous

system loading conditions within the same TUS

configuration without performing any dynamic energy

system analyses.

In general, It is recommended that program execution be ter-

minated following the completion of a dynamic system simula—

tion , since the retention of TUS parameter values from the

dynamic calculations could invalidate certain portions of

directly continued steady—state or building load analyses.

Variables:

KODE - primary program flow control code (0,1,2)

Format : c.c. 1—3 13 KODE 

-
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28. Building Load Analysis Control Code Card

The building load analysis control code IDES must

be input immediately following each specification of KO DE=0.

As summarized in the description of the Primary Program Flow

Control Code Card and in Table A.9,

IDES=O: Perform steady—state TUS convergence and

analysis , or

IDES=l: Perform building load analysis and print net

building space conditioning demands; aggre—

gate and print initial building loads and

distribution , and print initial thermal demands

at each load êenter heat exchanger .

IDES should not be specified following the input of KODE 1

unless the system is re—initialized by reading KODE=0.

Variables: 
-

IDES — building load analysis control code (0,1)

Format: e.c. 1—3 13 IDES

29. Initial Air Temperature Data Card

This card inputs the ambient air temperature to be

used in determining the initial building space conditioning

energy demands. If a dynamic simulation is to be performed

by  using the steady—state system analysis to initialize the

TUS paramet-crs , this temperat;ure must be the in i t ia l  hour ly

data point for the period being s t u d i e d  (i.e., the temperatu re

at t ime t = I E H ~~) .  The t e m p e r a t u r e  m u s t  be s o ec i f i ed  I:: ~F .  

—~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -----J---- —---~~~~~~ --~~
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Varlables:

-
- T A I R ( 2 5 )  — air temperature at time t~ IBHR (in °F)

(the index 25 is reserved by the program

for initial conditions data)

Format : c.c. 1—5 F5.2 TAIR(25)

30. I n i t i a l  Wind Velocity Data Card

Input on this card Is the initial wind velocity ,

in mph, for the location at time t = IBHR .

Variables :

WV (2 5 )  — wind velocity at time t IEHE (In mph)

Format: c.c. 1-5 F5.2 ~V(25)

31. Initial Wind Direction Data Card

On th i s  card is input  the  d i r e c t i o n  f rom which  the

wind Is blowing at t ime t = IBHR . The direction is measured

in degrees , clockwise from North (e. g . ,  a wind incident from

the Southwest would have a direction angle of 225°).

Variables:

WD IR( 25) — wind inc idence  d i r e c t i o n  at t ime t = IBHR

- . (in degrees from North)

Format : c.c. 1—5 F5.2 WDIR(25)

32. InitIal Electric Load Factor Data Card

This card inputs the electric load factor which

multiplies the peak o o m m m i t y  d-snand specified on the Power

Plant Rating and Peak Pon- pace-Condit- .ion ing Electrical

~
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Demand Data Card to determine the non—space conditioning

electric load during the steady—state calculations. If a

dynamic simulation is to b~ run using the steady—state sub-

rou tines to initialize the system , this load factor must be

the initial hourly data point (i.e., the factor at time

t = IBHR ) for the period being studied . The factor is dimen—

sionless and merely represents the ratio of the instantaneous

system electrical load to the peak load for the period

under investigation. (Inputting such a combination of a

peak load and load fac tors  allows the simple retention of a

given load profile while varying the size of the community

to be supplied).

Variables:

ELF(25) — electric load factor (ratio of instantaneous

to peak non—space—conditioning electric

load) at time t = IBHR

Format : c.c. 1—5 F5 .2 ELF(25)

33 .  Initial Building Room Temperature Data Card

This card inputs  the room temperatures , by building

type , to be used in determining the building space condition—

ing loads for the steady—state system calculations. If a

dynamic simulation is to he run using the steady—state sub—

routines to initialize the system parameters , these tempera— k

tures  must be the in i t ia l  hour ly  data  po in t s  ( i . e . ,  the

IIIIIIki lI4 L~ —-- —-
~~~

----- -~~-~~-- —~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --°~~ °°
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temperatures at time t = IBHR ) for the  period being studied .

Each building type Is assumed to have a characteristic room

temperature throughout all the rooms of that building type

in the community. These temperatures are allowed to vary

throughout the simulation to correspond to the changing

requirements of the people using the buildings. All tempera—

tures must be specified in °F. One temperature is required

for each of the building types specified on the Building

Type Number Card . A maximum of 20 building types is allowed .

If more than 10 building types are specified , two card s must

be used to input the temperatures.
u 

Variables:

TSB(25,I) — desired room temperature for building type

I at time t = 1BHP ( in °F) (maximum of 1=20)

Format : (Card 1)

c.c. 1—7 F7.2 TSB(25,l)

c . c . 8—l ~4 F7 ..2 TSB(25,2)

• c.c. 64—70 F7.2 TSB (25,lO)

(Card 2) (not required if NTYPE < 10)

c.c. 1—7 F7.2 TSB (25,l1)

- 
c.c. 8—14 F7.2 TSB(25,12)

. F7.2 TSB(25,NTYPE )

- — - 
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34. Initial Building Use Factor Data Card

On this card are input the occupancy—related

building use factors which multIply the peak ventilation air

flowrate ( from the Building Miscellaneous Data Cards)  and

the peak non—space—conditioning equipment heat generation

rate (from the Building Solar Data, Internal Heating, and

Domestic Hot Water Data Cards) to obtain the instantaneous

values of these parameters for each building type at tIne

t IBHR . It is assumed by the code that , in general , vent !—

lation requirements and internal heat generation are func-

tions of building occupancy and intensity of usage . There—

fore, these use factors provide a measure of the relative

occupancy of each building type and should be given as the

ratio of the instantaneous ventilation or internal heating

rates to the peaks observed during the simulation period .

If more than 10 building types are specified , two cards

must be used to Input the factors.

• Variables :

BUF(25,I) — use factor for building type I at time

t IBHR (decimal fraction of peak use)

Format : (Card 1)

c.c. 1—7 F7.2 BUF (25,l)

c .c . 8— 1 1 4  P7 .2 BUF’ (25, 2 )

c.c . 64-70 P7.2 BIP (25,1O)

L 1~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ —  
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( car d  2 )  (n o t  r e o u i~’ed if ~T~ PE < 10 )

c.c. 1-7 F7.2 E~F(25 ,1l)

c . c .  ~-l~ P7.2 3UF(25,l 2 )

F7.2 BUF ( 2 5, U T Y ? E )

3 5 .  I n i t I a l  :Thm~~~t~~c H-s t W at er  Use F a c t o r  D a t a  Co rd

This card i nou t s  t h e  use factors •-~h~~oh multiply tn.

reaP domestic h-a t water demands f r o m  t h e  P u i l d in g  Solar  lint : ,

Internal  Heat ing,  and Domestic Hot Water -ata Cards to obtain

the instantaneous energy demands for  d o m e — f - t i c  ho t  w a t e r

service at time t = 1BHP. A l t h ou gh it is cor re la ted  w i th

building Qccupancy, hot water consumption generally follows

a different schedule from that specified the general build-

ing use factor an1 is t- n er e f o r e  ailo;-:e-u to vary i n - i e r ~e n J e r t

from the building v e n t i l a t ion  =o~-d i n ter n a i  heat  g e n e r a t i o n

rates determined by BUF. if a b u i l d i n g  has no domes t ic  hot

wate r  c o n s ump t i o n  ( e . g . ,  a w a r e h o u s - ~ or sm—ill commercial

building), its use f a c t o r -  s h ou l d  s - i m p l y  ho  input  as 0 or

left blank on this card . If more than 10 building types ar-c

s~— ec ified , two car d s rruo t be -u s-ed to l n ~~ut  the factors.

Variables:

= 
W U F ( 2 5 , I )  — d . - - . - - s t i c  h o t -  water use factor far t u i l d in - ,

typ e  I at  tIme t = IP-1~R (decimal f i - a c t i - o n

of r r ’a~-: use)

I - 
~~~~~~~~~ —— ~ —~~~~~~~~~~~~ - -~ ~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~~~~
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Format : (card 1)

c.c. 1—7 F7.2 WUF(25,l)

c.c. 8_l11 F7.2 WUF(25,2) =

c.c. 614-70 F7.2 WUF(25,lO)

(card 2) (not required if ~TYPE < 10)

.1 c.c. 1-7 F7.2 WUF(25,l l)

c.c. 8—114 F7.2 WUF(25,l2)

F7.2 WUF(25,NTYPE)

36. Hour ly  Data  Po int Nu mber Card

This card inputs the number of hourly data points

to be. used in the dynamic system simulation . The first

hourly data point is assumed to be given at time t = IBHR+l.

There for e, the  number specified on this card must not inc lude

the initial data values used by the steady—state initializa-

tion subroutines , and it should correspond to the total dura-

tion of the simulation in hours . For example , a 5—hour simu-

lation would require 6 data points in addition to the initial-

ization values , and “6” would be ~- pecified on this card .

Since the m a x i m u m  single simulation period is 214 hours , a

max Imum of 2 14 hour 1~; d a ta  po~~n t s  per a i mu l a t ion  is allowed .

Var iao le s :

— number  of hourly Jata po Int-s in simulation

(ma:- :1m~ m of 2-~)

—
—-- — -~~~~~~~~~~~-~~~~~~~~— 
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Format : c.c. 1-3 13 ~TE1~P

37. Hourly Air Tent-erature Data Card

This card inputs the hourly external air tempera—

- -- ture values to be used in determining the building space

c onditioning loads during the dynamic system simulation .

The fIrst value specified should be the air temperature at

time ~ 
= IBHR+ 1 (i . e . ,  one hour into the simulation). One

a-o:-perature value must be given for each of the data points

sp e c i f i e d  on the  Hourly  Data  Point Number Card . The program

uses a linear interpolation routine to determine intermediate

temperatures for each simulation time step. Therefcre , the

:pec!fied temperatures should accurately reflect the actual

air temperature profile for the time period being studied. -
=

F The temperatures should be listed consecutively on this card H
accord ing  to the given input  format ; a maximum of 12 va lues

per card and a maximum of 2 cards per simulation (i.e., a

maximum of 214 hourly data points) is allowed. The temperatures

must be piven in units of °F.

Variables :

- - T A I R ( I )  — external air temperature at time I hours

in to  the s imula t ion  (maximum of I = 24

values). (in °F)

- - -
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Format : (card 1) -

c.c. 1—5 F5.2 TAIR (l)

c.c. 6—10 F5.2 TAIR (2)

b 
-

c.c. 56~60 F5.2 T A I R ( l 2 )

(card 2) (not required if N TE H P < 12)

c.c. 1—5 F5.2 TAIR (13)

c.c. 6—10 F5.2 TAIR(114)

F5.2 TAIR(NTEMP )

(Max of NTEMP 24)

38. Hourly Wind \‘elocity Data Card

This card inputs the hourly wind velocities for

the simulation period . The first value specified is assumed

to obtain at time t = IBHR+l ( i . e . ,  one hour  in to  the  simula-

tion), and the total number of data po in ts must corres pond

to the number of simulation hours specified on the Hourly

Data Point Number Card . Velocities should be in units of

miles/hr . If the simulation Is to span more than 12 hours ,

two data cards are required as shown below .

Variables:

W V ( I )  — wind velocity at time I hours into the simula—

tion (maximum of I=2 ’4 values) (In mph)

_ _ _ _  *— -_ _  
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F:-:-- at :  ( c a r d  1)

1-5 : 1

c.c. I--lU F~~.2

c.c. 56-60 P5.2 Wli~(l2)

(ca rd  2 )  (no :  r- -~--oo ir~ d if hTEHP < 1 2)  
=

- a . c .  1— 5 F 5 .2

c . c .  6-10 P 5 . 2

. F 5 . 2  ~- h ( l i TkH~ )

39 . H o u r l y  D i r e c t i o n  Data Card

-In this card are i n p u t  the  w in d  d i rec t i o n s  for  each

hr-ar of the simul -ti an peri od . ft r’st ho-ur’ly d at a  p c. ~o -~

is defined at tine t = ~~~~~ ( i .e  • ,  one hour in to  the si m~ —

la tio n ) ,  and the tat-a l n-~mt-er of va lues  o r - e c I f i o d  should

cor respond  to the nur er of simula tion hours input s-n the

s~our1y Data Point P cub er Car-I . The wind inci- :cnce direct i c -ms

should be given in doorees , measured clock - -;ise Coon h co-t t .

If the  s i : nu l - a t t  n is to cover  r :r e  t h a n  ii hours , t v . o d~~ta

cnr ds are requ ired.

Var iab les :

WDIR (I) — ;-:i:- -J m-c fence direct on at t im e  h o u r s

in t o  t he  ? : m u 1 t ~~Io n ( i : e g ~a - ~s fr-c-n ~~5 p r ~~~ )

- ~~~~~~~~~~~~~~ -
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Format: (card 1)

c.c. 1—6 F6.2 WDIR(1)

c.c. 7.-l2 F6.2 WDIR(2) - - -

c.c. 67—72 F6.2 WDIR(12)

(card 2) (not required if NTEMP < 12) 
-

c.c. 1—6 F6.2 WDIR(l3)

c.c. 7—12 F6.2 WDIR(14)

F6. 2 WDIR (NTEMP)

140. Hourly Electric Load Factor Data Card

This card inputs the hourly electric load factors

which multiply the peak community load specified on the

Power Plant Rating and Peak Non—Space—Conditioning Electrical

Demand Data Card to determine the non—space conditioning elec-

tric loads during the dynamic system simulation. The first

value specified should be the loa d fac tor  at t ime t = IB H R+ 1

(i.e., one hour into - the simulation). One value must be

given for each of the data points specified on the Hourly

Data Point Number Card . The program uses a linear interpola—

tion routine to determine intermediate loads for each simula— 
- 

-

t ion t ime ste p . Theref ore , the specIfied load factors should

accurately reflect the actual community electrical load pro-

file for the time perIod being studied . The factors should

be listed conse- :-utivel y on this card according to the given

- 
—-_ -.—-- 



_ _ _ _ _  - - -5- 
~—~-S-~- --- - ~~~~~~~~~~ 

_ _ _ _

166.

input format; a maximum of 12 values per card and a maximum

of 2 cards per simulation (i.e., a maximum of 214 hourly

data points) is allowed.

Variables:

-
~ I ELF(I )  — electrical load factor (ratio of instantane-

ous total non—space--conditioning electric

4 load to peak for  pe r iod)  at t ime I hours into

the simulation (maximum of 1=214 values).

= Format : (card 1)

- 
c.c. 1-5 F5.2 ELF(1)

c.c. 6—10 F5.2 ELF(2)

c.c. 56-60 F5.2 ELF(l2)

(card 2) (not required if NTEMP < 12)

c.c. 1—5 F5.2 ELF(l3)

c.c. 6—10 P5.2 ELF(l14)

- 
. F5. 2 ELF(NTEMP )

(Max. of NTEMP=214)

~4 1. Hour ly  Building Room Temperature Data Cards

This card inputs the room temperatures , by building

type , to be used in determining the building space conditioning

-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :r~~~
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load s for the dynamic system simulation. Each building type

is assumed to have a characteristic room temperature which

must be maintained by the space heating/cooling systems

throughout all the rooms of that building type in the comrnu —

nity . These temperatures are allowed to vary on an hourly

basis to correspond to the changing requirements of th~

people using the buildings. (e.g., Business Offices need

not be fully heated during unoccupied periods). The program

uses a linear interpolation routine to determine intermediate

temperatures for each simulation time step . Therefore , the

specified temperatures should accurately reflect the actual

desired room temperature var ia t ions  for  the t ime period

being studied. All temperatures must be specified in °F.

One temperature per card is required for each of the building

types specified on the Building Type Number Card ; a maximum

of 20 building types is allowed , and if the number of types

specified exceeds 10,. two data cards must be input per simu—

latlon hour. One card (or pair of cards , if NTYPE > 10) must

be supplied for each of the hourly data points specified on

the Hourly Data Point Number Card , with the first card(s) in

the set corresponding to time ~ = IBHR+1 (one hour into the

simulation). A maximum of 211 data points per building type

is allowed .
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= 
V a ria b l e s :

TSB(I ,NN) — internal room temperature at time =

into the simulation for ouIi-i :tr~ tyPe t~-:

(maximum of 1=2 14 , N N = 2 0 )  ( i n  °F)

Format : (card 1)

c . c .  1— 7 P 7 .2  TSB(l , 1)

c . c .  8—1 14 F 7 . 2  TSB( l , 2 )

c1 c. 614— 70 F7.2 TSB(l,lO)

(card 2, if NTYPE > 10)

c . c .  1—7 F 7 . 2  TSB(l , l l)

c.c. 8—1~4 F7.2 TSB(1,l2)

F7.2 ~SB(1,NTYPE)

(card 2, if NTYPE < 10) (card 3, if NTYPE > 10 )

c.c. 1—7 F7.2 TSB(2,l)

c.c. 8—114 F7.2 TSB(2,2)

c.c. 64-70 F7.2 TSB(2,l0)

To NTEVI F (maximum of 24) cards or pairs of cards-.

142. H o u r l y  B u i l d in g  Use Fac to r  Data  Cards

This card inputs , for each building type speciftea

or. the Bu i ld ing  Type Number Card , the buildin g use factor

whi ch multiplies both the peaP ventilation and the peak

internal heat generation rat-es to det~err.t nc- tb- : i s ~ ar - :aneous

I
~~~~ 
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h~~r1y values of these parameters. If more than 10 building

types are specified , two cards must be Input per simulation

hour. The first card, or pair of cards, In the data set

zhould contain data observed at time t = IBHR+l (i.e., one

b~ur into the simulation), and the total number of data

points per building type should correspond to the number of

— = hours specified on the Hourly Data Point Number Card . If

the observed ventilation and internal heating schedules for

a given building type differ significantly , attempts should

be made to adjust the specified peak values of each so that

the net effects of the single schedule will approximate the

meazured behavior.

Variables :

BUF(I ,NN) — buildlng use factor at time I hours Into

the simulation for b.uilding type NN (maxi—

mum of 1=214 , NN=20) (decimal fraction of

peak ventilation and internal heating rates)

Format : (card 1)

c.c. 1—7 F7.2

c.c. 8—114 F7.2 BUF (l , 2 )

c.c. 6~4-70 F7.2 BUF(l,lO) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
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- 
I (card 2, if NTYPE > 10)

- 

c . c .  1—7 P 7 . 2  B U F ( l , ll)

c .c. 8—114 F7.2 BUF(l,12)

4 . . .

F 7 . 2

(card 2, if NTYPE < 10 ) (card 3, if N TY?E > 10)

c.c. 1—7 F7.2 BUF(2,l)

c.c. 8—114 F7.2 BUF(2,2)

c.c. 6~4—70 F7.2 BUF(2,lO)

To NTEMP (maximum of 214) cards or pairs of cards.

143. Hourly Domestic Hot Water Use Factor Data Cards

On this card are input , for each building type sped -.

fled on the Hoilding Type Number Card , the domestic hot

water use factors which multiply the peak water consumption

rates on the Building Solar Data, Internal Heating, and Domes-

tic Hot Water Data Cards to obtain the hourly hot water ser—

vice energy demands. If the number of specified building

types exceeds 10, two cards must be supplied per simulation

hour . The first set of data points should be specified at

t ime t = IBHR+l (one hour into the simulation), and a set of

use factors should be input for each hour specified on the

Hourly Data Point Number Card .

_____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 
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Variables:

WUF ( I ,NN) — domest ic  hot wa te r  use f a c to r  at t ime I

hours in to  the simulation for building

type N~ (maximum of I 211 , N N = 2 0 )  (dec imal

fraction of peak use rate)

Format: (card I)

c.c. 1—7 F7.2 WUF( 1 ,l )

c.c. 8—114 F7.2 WUF(l,2)

c.c. 614-70 P7.2 WUF(l ,lO)

(card 2, if PTYPE > 10)

— c.c. 1—7 F7.2 WUF(l ,ll)

c.c. 8—114 F7.2 WtJF(l,l2)

F7.2 WUF (1,NTYPE)

(card 2, if NTYPE < 10) (card 3, if NTY PE > 10)

c.c. 1—7 F7.2 WUF(2 ,l)

c.c. 8—114 F7.2 WUF(2 ,2)

c.c. 6 14_ 70 F7.2 WUF(2,lO)

To NTENP (maxImum of 2 14)  cards or pairs of ca rds .
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A .5 .2 fample 2~ —H :-ur Input Data :~i~~t in g

To familiarize the user with the cc-rcmosition of the •

dec~c , a complete listing of the iriUut data requIred for

a s -ample 214—hour TaS simulation is ois~en below .

The specific input data presented models a therma l

enero:, distributi-a n ~ysteu: consis-t !n~ of a sin~ le ~ni-- a:- ,

4 HIi- loop and three sec-s- n-Jury -distribution loops — t ao  f i r s- a

serving three , the  second serv ing four , and thc t h i r d  r - : i n g

five load center heat exchangers. The primar-y l o o m  c o n t a in s

approximately 10 miles of nominal 18” O . D .  j l~~O~ while the

secondary loops each have 12” O.D. pipe. All heat exc r~~-~~:-s

contain 1” O.D. tubes having 1” l . D .  interstitial 11 -. c~ 
- -

nels. All circulation pumps are locat~H in the re- t~~:-n ltn - - -

to the loop supply heat exonanrers . The o y c t e m  Is s - u ; ; llei

from the TtJS supply heat exchanger at a cans - a u nt water ten;--

ature of 380 °F; consumer end—use eq u i pmen t  is- s- -up ~~1i~~d at

nominal temperatures of 220 °F and 2140 °F , depending upon thr

type of equipment , the location , and tfle load to be serv-I .

The consumer sectors contain a total of eleven dif?- rent

b u i l d i n g  types , representing a c : - : == -iur. ity w ith a reo~ d -:u t popu-

lation of a p p r o x i r c — t e l y  50 , 000.  The s -ui ld ings  are distribute-i

throughout the coms -nunit-y in ic-rd centers based upon t he ir

general heating and cooitng require ur~ts. Also taken tr :tc

consideration in t h i s  d i - t r b u t  ~c=n are  c o m m u n i t y  power PiOnt-

siting restrictions , with residential areas beIng located

I_ 
~
I-
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f u r t h e s t  f rom the plant site and low constant popu l ati on

industrial sectors situated at a minimum radius of appr-o-xl— 
—

mately three- miles from the station. End—use ~-qu~ pmc- t- is

distribute -i throughout the community following pract ices-

expected to yield an optimum thermal/electrical ener-g~f

demand ratio affording a minimum required power plant in—

stalled capacity. Approximately 75% of the total energy

demands of the community are supplied through the TUS.

The given air temperature data corresponds to a rela-

tively severe winter day at Fayetteville , North Carol ina .

The non— space—conditioning electrical load schedule was —

taken from demand data for a minimum space conditioning day

at Fort Bragg, North Carol ina , an d the ma gni tude  of the

average load was scaled to match the model community s~~n e .

To illustrate the effects of weather variations during the

period , building room temperature requirements are held

constant for each building type . General building usage

and domestic hot water consumption schedules follow observed

conditions throughout typical 214—hour buildin g occupanc y

cycles.

The “card type ” listing shown below refers t o t b -  numer~ —

—sal -designations , of the -:arioun Inrut data card descr~ n *,~ nns

presented in Section A.5.l. These n u m b e r s  do not  appear  on

any of ’ the actual data cards and are given here rn -: -~ 1y as a

reference for the us- ’r  to f a c i l i t a t e  i d e n ti f i c a t i o n  of t h e

~~ ——- 
— 

~~~~~~~~~~~~~~~~~~~~~~~~ ________________
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~rid :nmu: variables. a

for  Ia~~a ros i~~I-s n on each caru , the s~ -:-;-:c. on the ~irst

5-- - - -~~~~ ‘~~ - - --~~~ -~~~~~ - - - ~~~~~ —~~~~~~ -— - -- — 
-~~~~ —~~~ - ‘ 5 -

~~~~~~~~~~~~~~~~ - .~~~~
---

~~~ 
- ---- -~~~~ -~~ -~~~~ --~~~~ - - _ —~~~ c~~~ - .  ~~~~~~ - -~~ ~~~~

± aclu :i  ma t he  f i r s t  P:inar,- Pro-anon Fla-~-; Oors t ra  I lode

Thr-d ( t y p e  2 7)  is r eiui :-ed for  ev e ry  ru n .  h sr-;ever , d ata

f r - I l  sw i m  t h i s-  c ar d , and  c e rt a in  p ar arcc t - :- r ‘.- a l u e s  sm e c i f i e d

cn tao s~r e c c r - n g  d u s u  s e t s , nay c-c m ot e s  Leo accoro-ony to tne

snesific s-s-crc--an option to be exe cuted as summarized in the

foilo-;iac- sub—section: . It is reccmmea-ded that the data

fu r s - a t  resented here (i.e • , use c-f the s t e a d y— s t a t e  s u b —

utime s to initialize the d:-~’n -amic  s y s t e m  c a lcu l a ti o n s  — a

s- c- sconce of KODE=O , IPE Th O , hCDE=l) be used in all -dynamic

-Im~ 1atjons.

— ~~~~~~~~~~~~~~~~~~ u-scou-tor sc_a=-



- -~~~~~~~~

175.

~d- G)
~-i 21i-4 .-.4 C’-~ U\\D V~\O ‘J \”0 Vn\O ~~~ O U~V~D tt~ r~ c’~~- un~.o ~re~o ~ias-o ve~ vn’~o um
O E-4 -

Id’

U) -I—I

~iT~ -~~~~~

4 •••~ ~— L(’ I~— ~~J N - r— -~ ~C I~• ~~ ~~ (~
t-’)v) ~-~‘ !I~ -4• ~~ 

U•~I r—. D m —.j ~C —o —C
I I • • I • I • I I I I
C- C 0 0 C C -~ C 0 0 0 —

I— ~— -i C (\ -t) r~ 0 -~~ ~~ ~~ f ~ ~~ -j- -.5

= C C ~~ C C C C C C -~~~ ‘ 
~~‘ C

C cj~ N ~- - -j t’~- t -~~ N ~ L ~~‘- U C -N L - N 
~

— C
~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~C—..; $ • —, . 

~_ • C • • ~~ • 5- ¼ • I -‘ S * • ~~ -?
I • ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~— c t c O c rN r ~’P >~ • ~~ - • LI’ • L( I f

~ I t.~ I I 
~ S If I • Lr I L’ I -.C S

.-4 —S ~\ N —C -3 ‘~ 0’ If U’ N —

r— .e LI~ -4.1 U\ ~f I 0 -~~ C) o c.~ Co
U. ~ -0 ~~ m ~\ -~ 0 0 -~ — — ~)‘...~~L C — O NC C~~~~~C - C - ~- 0  ~“ C — 3 — ~~C — C ~~~I (i’ —~0_ N 0 ‘C  .(~ • C  S ( L ~ S C  S~~~~ I C.) •C) •(2 ‘ C  •~~~) I C

~~- Z LL. ‘~~ U- — U ..
~ — .j —4 .L — U —1 LI. .-4 LI. - U- .I. .S C

~~~~ — 4 0 C -~~ — -
~~ ~ C C C ..~ C

(/) :~ C 0 C C ~j 0 C N C C C N C
• I I S S • I I I I S I I I I I S S I • I I ~ I I ~m C ~~~~ C~~~~ - ) ~~~~ C - C a — r~~ C - C - -C C c ~~~~~~ t D c C~~~

-~~ 0 ‘C C ~j 0 —C If~ 0 0 0 LI” e~C • N . C • N C . N • C . j , 
~— • N s !~ • •

~~~C Q C — r C C O . r C C c ~~~- -C - - - C C C  C C D ~~~~~ C C
•~~~~ S I . ~ I I I I I ~ ~-~~~~~C .- C — C — C C C C C

C C C C C C — C C C C -\ C
-C -c 3 C -C -~~ U’ If 4- f
C C C C C C C C C C C C

C C U- ‘\ JJ C LI- .~ -C C L- -~~ U - If Ii -4) U ‘) U- —
CC C C ‘r ~ T ~ If’ ~r ~

- C
(C’ If’ U’ ~f If ~~ C — C- —~ CC C C ~~~ C~~~~~~C - C ’ C - -’C  -~ C ~‘ -

~ N — — —‘- — —‘ -C N. C
. I • I S I I . I I . •

—4 —4 _S — —~ — —4 ‘5-- — (.4 - 5 -

N 4 U’ —C 4— ~~-C .- 4’~ (‘ 4- ~~‘ -C

~~~~~~~~ ~~~~~~~~~ - - - 
-~~~ 

-- ; a Z ’ s -~~ scunL



-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :- ~~~ 
- -~ - - - ~~~~~~~~~~

N — 1— L —7 —7 ~ ‘2 f ’  --i’ ~ - 5-— N—
0 ~ N- N f— 

~
— •

~— - c’- C -c- s’

C C ‘5 C C C C C C — — - C - C C C 5)
0 -0 0 5-I  

~ ‘ -~~ -~~ .2 2 -.5 f’ .0 5 -f C fl
- —d —a — - -_ ~ - s — C - ‘ — — — - — - — — — S -C — C — c  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5-5- — . . 2 C 5 )

• S .5 • . . N— I I I — • 0 • 5- . — . -.
~. • I . • O~ . (N I C

-
_ -. — o — 2-- -— r~~-.. - - m - 5 - . 0 -. 

~~~~~~~~~~~~~~~~~~~~~~~~• - ~ •0 •~~~ •~~~~
- . -.. . 0  . - C .  • -I. • -C ‘ 0  • 0  I -c. • &  l O a fC 0 0 -~~ ~f’ - - — ‘N - — — —

07 C C C - .0 f -5- - 0 C C - N-
-1.0 C C -5-

’. 07 — -
- .0 -~ C 57 ‘o — CC — C —C — C  

~~
Z l 7 C O .

~~~~
. .L 0 2 ._ C _ . C . . . _ C~~~C - 7 5 ) -~~ C~

- -• -r • • • -) • 5D • 5-1 . —‘ C • C • . — - . 3 S I 
- - • - 

~~ • - •— - -- - --. 5 _; — - - - — 5- — --- I.—’ ~~~~~~~~~~— C 7) T C - - - - C - - C -‘
C C C - - 07 ~

;- 4.0 C
4 ~~~~~~~~~~ 

~~~~~
__• i - ~

_. 
‘ 0 7 L 5 :

N N- N -- - -‘

‘ c’ - 0 5; C 2-) 5) 0   — a ’ C CI C • 0- • -7 • - - N- - ‘- - — • • • C I 4 5 3 - • N-C C C C C C C  ;‘ - C~~ 5 ’ —~~~~~~_ c  - -

C C C C - 0 C C C -~~0 .. T 0 0 - 2 -  0 7C -- 0 C C C 57
‘5- - ~~~~~-~~~~_ ~~~~~~~~~~ 53~~ C _

~~~~~~
2-3 - 

‘ -‘7 — - ‘-
5-- 

~~~~~~~~~~~~~~~~~~~~~~~~ — --- r  - — - — -

(5- ‘ - - -- -. L3~ . 
-

— N- ‘ N- - 5-”  —.; -

- — - — 
— - ~~~~C- 5-

~~~~~~C2-2 0-~~: 7)Of~7~ .lIIIIIIII!IIIuIlIJI~~



-

~~~~

177.

-L
~~ ~a\c) 1r\\,o v—~~~ v—~~~ ‘-r~’.c v—1’.o ~-r-1~o tr” ..O t.C~’.~) ~~~ ~~~ C’—co as as as as Co Co Co CD Co Co as co asc~~ —)

H

i- I
N N N N- ‘0 N . -7 ~7 ‘7 ‘7
0’ 0’ 0’ 0’ 10 0’ 7) C 0 C 0
• I I S I I I • I I •

C~ 0 0 C — C — — .-.~ -s .-4

-.5 -3 -3 - -7 f 0 -3 -C -~~ U’ 0’ ‘ N-  ‘N ~3 
N- C N

C) C C C CD ~-s C 55 C ~~~.~- j C ) 7 ) C C O 5 5 C 5 7 C C 3 C
-4 LI. LU ‘ — 0’ - L — - C L 5) C 5) N— N .-~ . 4  4 ~~

- —~1• N N 0C~~~0 5 ) CC N . C N C-~- C N . C r -~~-,)- 5--. -0 7 N  —

• 0- 4 ‘N I 0 . ‘-~ S 2” I -~ • 5- . 5. • N. • 07 I

— — (fl —4 30 — -
~~ IN r’ — 5-I” - 07 — —~ C - 3.5 -~~

‘0 • - ~ s C  I C  I L  • .~ s - C  • 0 I -sO I - .. • -.
(4” - .7 — ~~ —

C 0 C C T C C’ 0 If If C’
0 0 C C 07 5) 0’ 0 (P (0 4)’ ,.~~ N 0 — N -~) — NJ (f l  ‘7 N (f l
C 0 — ~~C — 0 ~~ J C — C - ~~J ’ 0 ( 0 - -~~oI C  1 7 ) 4 I S . )  . C  . 5 7 . 7 )  I ) )  1 0 7 1 0 7 1

~~ .-4 _ U- . U. C u — C u C C s.~. 7) — 0 — N -~~ -4 — — N (N N 4\ ~~ t~
’
~ C th

0 0 5) 0’ C) C 5 2-) C C
C C C U’ C C 0 7) 7) C

I I I I I I S I I I I I I I I I I I I I I (\ NJ N. “ (5- ‘~ (fl t~ C rn n’ .5-
C C 0 - ~~~C 3 0 C - 4 C 7) C~~ s J C 0 C C C ~~3 0 C

N. N. ‘N N. N
N. N. N. N

C C C ~r ‘ m C 5-Cl (I’
• N. I ‘ I N- I 7 I (5 • I 5 1)7 I ~~ I ~~ I

0 0 0 e C C C O C C C C C C C C S m C C C  N~~7 a N . C 4 - N C 4 - U ’ N J C 4 - 0

C C C 0 C C C CC C
— .-~ — .-I — — N. ‘N N. -‘5- ,- C’

C C C -7 57 C C C C C
C LI” 4- U’ 0 If’
7) C C C C C

LI. 4 U. 0 55 I-.. C 11~ -~~ L- N 4- U- It’ ~j

5- - - 1~ — —d 55 — — _-.. — —
N. ~~~ r N-. ~ 05-

-? (1’ .5 N— .~~ — r-4’ 4- if’ U’ . 1¼ ~~ —7 1 - ‘ N C (5 —~~ NJ 5-” -.3

—

~~~~~~~~ 
7 _.uk~~~ 

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - = rs -n~~~ 2- ~~~~~~~~~~~~~~~ 
- - - - - - -- -- r ~~~~~~



~~
-

~~~~~~~--‘~~~~~~
-,--

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ‘--—--‘ -~~ -- --—--5- - - —-5- - - -— .

~~~~~~~~~~~~~~

—

:78 .

-07 5;
C ca 0’- 0 .— ‘N C’’-~~ ‘~“.C) N-0 C\ C I~ 0—CC CD C — C—C C C ~—‘ N-C C’ C .— o -c :  C\ c -~• - . ~—-4 5-— 5-—, ,.a ,_~ ‘— ‘—- —-- .--- ‘---- ‘N ‘N .— 2. c - .—~ V— ,—

~ c c- . .— ~ — - 5-— ~~. ~
- 4—

07 4. 4. 5--) ‘.5
-5- _5 ‘5 ‘

_
5 07

~ I -4-- ‘— 4— —5- —

C C  07 — C  N — C  07 C C  0 7 7 )
( 2 - 5 7  7) N- -

~ 07 . 0 1-.
— • • 5-Nj  I -fl S S C’ 5 I 07 I • — • I

• 4- • 4- • 4- • -2 s —0
— -4 -3 —

•~~~ N .0  N . 7  ~~ S C ’  7) 1 4  0 .0
CC r” - 4-—  - C C  07 - .-a C C C  ‘3

7) a N- 7) • 0 7 5 5  5 0 • C ‘~~ • ‘N C
0 • -.4--’ 7) I fl N-. • .C C • N. 7) s 5-— 4

-~~ N. C C
.7: 5-- —

0 - - C  N O  C . )
C ~0~~O 07 0 7 , 0  C -.C ’C C If- ) C

I S 30 5 • 7) I I 7) I I 7) I I 7) I I

4- • -C • —7 • • NJ 5 5-”
-~~ 0 - C 0 - C — C

C) C C CO N N- N 0’
,N.. • • r —  I N • I N —  • I N  I

C 0 7 .  2-) 5 . ’  57 4 - ,  5) U” 5) 55 • C — I

— -.5 — P-. —4 (5 -fi N- N-.
N C 0 C) -.5 0 ‘_ C C 5) -7

N C -~ ‘7: C C ‘N C C C —
I I I I -.5 I -4

— _-4 — -4

0 .  C 0’ . (5 5 . .  C C~ • C 3’ . 145- 5 . .
7) (5 7) 30 -~t’ N C -07 7) -07 57 ‘— 5’ 7) N.

CC . 3 2  I 5 ,7 • IC  S I
_ _S 5 1 - 0  I S I N

3 3 2 3 0  C ~~~~~ 07 C ’ _ ’ 7) C N -  C C —  C C N .
N.

S I • 5) 5 5) 7) (1) — • 07
5-- ‘ 3 —  4 . 3 0  ( N N  5-3 .0’ “‘ 5’

-? I C • C • 30 • -5- •
C .7)07) ‘O N - C  • C s — C  . 0 7 5 . 0 7  . 2 5 0 7 7 )  . 5 7

2) r C o N. 7~ — 4- 0- 0\ C ‘3 0’
57 —s • 7) r5- I 7) “_ 5 07 C • I 5- IC N-.- 30 C N 07 5’ 5. 07 C N J’  ‘3

LI’ ~~ —3-- a • • 5 —3W • —

C C C C N. C
U S

U’- C  C C  O C  0 0 7  CU”
I — C . • 30 C a • N 07 a a 0’ J I • 07 C • I C’ C I

-C U’ C N C N— • 5 C C C I I 32 C N— I I ‘-5 7) 7) • I — C C • I “— C
C • - N . C —  • 7 N 0 7 —  • . ~- —— C -—- . 4 - N C —  a 4 - C C — ’  . 3
• C ‘7 -‘ .4 ’ -~~

C — It ’ C C C
0 .0’ 4 .5- 4__’ 4-

— -4.) 5 I I S I I S I I I

5-’-. f’ ‘75 (5 C C  C C  C C  C C
C C • • N. I I 5-N I s 5-

’, • s LI’ . • (Nj s I
U. C • — 7 —  • r~-~ I -7~~~ • 5 - ’  • -7 --C
C LI’ - CN  07 C C  ‘07 04-’ 12- 4 - ” S  7’ (2-C C 7 ) N -
I I I C (7) ~~ CS N 4- ‘-‘3 N. -~~ -~~ ‘~~ N- 4- N— C’ N- CS — —I
0 3 2 - C -” • C — N -7 0- ‘N 0 ..- O C  r(-’ N

.45 -If .N.O -~ N-.

4 C C
0 4-  C—  

N. N . N .  Nj ’_— C 0’~~~ —7 -7~~ - -~~ -.~ 
07 If’ tt’ Lt’ It’ -.1 -c

—
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ a’.. - —~~~~~ _, ~~~~~~~ _. C . 0 7~~-~~~~32 :-~~~~~~~~~ ‘ _:



- --

~

-— --- -_

~~~~~~

-‘

179.

CI~ ~f l — 4  Ni (Ni ~— s— s— ‘N ‘N s—-. ‘N ‘N --.- s--i —i ‘N ‘N .- ~ 
,-~ -i ‘N 5-1 s--i ,—i ,-s C - :  C-~. (Ni (- -~ c- -- ‘N - - C ’ .OE-~

145-I If’
0 C

4--.) U U U) I.1~
N- - C  - 3 - C  ( 7 ) 7 )  —~ “C 5.

7)7) 0 0 7 0 7  4-
- - - S I I a • I I 5 I I —3

U’ -7- 4- 4. .7
4. C

-4 I 4 C • 4. -4 • - -7 07’ • -3 CD ‘ -4 5)
7) N- .45 -55 5)0 07) 4- ‘3
• 3 0 5 )  • C r 7 :  s 407 5-5 I ~2 - 5 )  I CC)

5- N.- 4- . C —~ I (N 7) • —4 -3 I N— C I N--
N. 5) C CC N -~~ .3 7) P., 5-

~~ N
N ‘7 — — —5 —

0’ .0 C . )  -C -i) ‘3~~C ‘07 -C
07 3 0.-C ‘3 C~~~ 5-7: N - ~~ ‘7’ N-c C (N-f C
7) • I 7) • I CC . a Q~: • C~. S 7)
• It’- I C) It’ • .1) 5 07

C) 0 -‘J 7) (.0 (3 CO

-T CX. -~ 0 C) C
‘.5 ‘U 3’ N- N N-
I I C  • IN  I 5 5-3 • I ( \  a • r -. I

57 (N ,  (5 0 7 .  C C • ( 5 - .  CS C. • C
—C C C If’ 5- C (5 ‘

0 4-5- C -~ 0 7) 0 ‘3 0 (5 (5
(5 55 7) 7) C -~ C) 7) C N C

• N. I I .7 I 4 5 . 4  I
1.4 .-4 — —

O C) • 0 0 .  C 0 • C 0’ , C • C
0 2 - 5 5  ~~ 7)4 0’ 30,.~ 0 7 ) 0 7  7) 7 2 - 4 -  C

5 I L . ) • S C  I I - d  I I C S I .7: I
- (3 .-s -I ( ) C  0 0 7 )  .-“ (3 (45 C (0 5-’. —

N- N. N
I C • 5) • 5) • 7) • 5) 5 7) N —

-7)5) N - 7 )  3 0 5 7
O a (\ a — I It’ I C . —
7).-~ . C - C -.~ . 7 ) 3 0 2 -~) • 0 7 0 7 _ d  .5 )0 7 (5  . 0 7 3 0 . -
I) 5) .0’ .5 N-~ C o 5- — 0’ C --‘ 07 N C C
C C s N - C 4- I 75 -07 • — C  - • — 5 7  -5-

o c —c C~ .0’ 1.0 N. 7) -7 C
S I • C I U” . L.l~- I

C C —
07 0

C C C  C C  C C  CC) 07) C C
• C 15-5- a I C C S I CT -5-’ a . 55 C • . (L. - • C

.4 I S — C - 5 -  • 5 07 5) (5-’ 5 5 -C (5 C I I -0 ‘0 30 5 I —3 C C) I

—‘ — - ~ —‘ — .7 — .—‘ I 3 ( _ — • -3 5-N ~— I 5-\ 5) _a ~ 7 —
C .3 N. N. 5-Nj U’ 5-N

C C 57 7) (5 N- -a

7) N— -C CC 0’
• I I 5 • 5 5 I I 5 I S

C C  C C  C C  ‘ SC  C O  C C
‘N I I f 5 I (‘I. I • N • • N • I (N C C

I 3 0’  • “ 5 - 5 5  • 5 - 5 -7)’ . C~~.7 • 5 5 ( 5  5

07 .0 -‘. U’ 2- C (1’ ~ 5- -.0 3’ — -2- C
- ‘ ( 5 5 -- .7 C T — ~ 3 4 - 5 5 . 0

5-5- — 57 C C -~~ N- -‘N — 44’ P., 75 N.
5-33 ‘N- 07 -N

5-— —

r— -
~~~~~~ ~~~~~~~oas’-~~ ~~~—-~~v~~~~o~~~ —



T-: ~~~~~
- -

~~~~

5- - - 

~~~~~~~~~~~~~ Ti 15-
~~T~~~~~~~~~~~~~

i - s i .

— C -
4 ~- ;:~~ -7; ’7’.- - -’.-(- c 5 7_ ’ N C -. c- 2-; c 0 7 : ’ N C ,’ ’ N - ’~~- - - C-: - . - 1 5 7 7 c ; ; : . 5 5 - 5 5 ~ c ( . , c~ C . ( - - ’ N 5 - - - ;- _

~~. c _  -
-

0 
• 

7 ) 7 5 5 ) 0  C C  C - C C C  7) C C

‘N 
~~~~~

C C 7 )C C  07(5 CC  C C  C CC

N C 57 5- C ‘3 75 CX —‘ .7 — -C — —
-i ~ S ..4 - N-

-- 
- - ______



5-—-— - - - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

181.

.5-i a)

~-. ~-.Ni C-.. (‘3 ‘N (Ni 53 ‘N C\) ’N (‘-I N- N i  (Ni C—i ‘N ‘N (‘2 Ni ‘N (Ni (Ni Ni (‘2 (‘3 (‘3 (‘2 (Ni (Ni Ni (‘-1 (--3 (Ni (Ni Ni (-.2 (‘3- - C. ~‘-~C’2 C) ‘N ‘N 7-3 (‘3 7-1 ‘N NI (‘3 C’1C ’3 (‘-1 (33 (‘.1 C~
5-
~ ’3 Ni Ni Ni C~ Ni C’3 (‘3 ‘N Ni Ni 7-2 ‘ N N i  (33 (33 5’) Ni (33 ‘N

‘4- 5-5 C—  If- 7)0
N-. - C U ”

C

C C  C C  C C C  C C

0 3 2  C C  C C C  C C

C —  .4’ o-~~I’
-.7 N. — -T N- 7’

C

C C C C C C C  C C

C -3 P5- — .55- 0’ C —i- C
N- -)’ N

_____ _______________ ______



1~ 2.

—

- C-) (Ni ‘3-. C--) ‘N SN 5 4 (‘3 (‘3 - - . ‘7 . 3 - . 5-. 5. (‘3 5— c~ C— 7- 3 5 . C~ ‘~~~~~~- ‘ N  C-) ‘N C’) -
- -Ni 7-1 (‘3 7:

I-

N N 0 7) 5-5- 
~~ - 5-’- —

—‘ (N 1.4 —

C C C  (5 C C C CC O  -7)

C C C  C C C 0 0 0 0  C

N C-. CT 30 -5-- 7) — — -C — —
— N- — —

C C C  C 5 ) C C C CC  C

- 
—

~~~~~~~~~~~~
-
~~ ~~

- --
~~~~~~~~~~~~~~~~~~~~~~~~~~

—‘- 
~~~~~~~~~~~~~~~~~ 

—- -  
~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ _i~~~~

j_ 
_______



- ~~~~~~~~~~~ — -—.-w.

:
4 183. 

-

-
~~~~~~~~~~~~~~~~~~~~~~~~~

- -

• ~~~~ (‘4 ~‘1
‘0 I I

a i.) ’
U’ —
-.0

‘ S
C (N-
C r 3 3

• ‘4—

C C S I

N- a C C

a I

• 17’
5) -a N - N
N I

S I

‘C N

13’ —
‘C- I I I

5-5 (5- —
N. N-

S ‘•-
~ I S

4- If’ 4) — (5
N- I I

0

— cc ~ -a 5-’— — -___,
‘N ~C

O F’- S I

5- C C) C 07 0 s

C’

00  C C .3’ — ,  C’, I I

N _a N-

— —  ‘C - C C a .
-L s C • —— — C Ni 30 -.

N •

‘.5- .- C C (55- ( 5 ,
N (N- C 7 ) 5 - ’

• I tt’
C C  — 5

5) . 5 5 5 -(5- ,_ 5-—. 5 I I I • S

— 17’ (-3 ~P N 07 -.4 .0
— ‘~

— C ‘.‘ C’. — 5-N • — ~~ 5-N 5-

C -\

_ _  - -  —~~~~ 
_ _

~~- - ~~~~ --— ----a--- - -:
~~~~~. .-~~-‘-—~•.-•_— - - .2-5-— —4.---- 

-
~~~~~ 

- .



-5--- - 

~I~~i~
-’5-----1 —  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
5-T ’’T

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- ---- --- - - -- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Z - - - -32 -07 -32 7) -07 7) -5’N(..

1~
I I S I I I I S I I 5 I S .

N- 57 (5 07 ‘0 517 7) CC 5) 7) 57 7) 7) 7) 7)
3 -7 .2 ‘C -3 -3 -0 —.~ -C -C -C

I I I S I S I I I I S I I I I

0’ .7’ 0- Ii) -(5 —5-- (5’ 0’ 17’ .7) .0’ 17’ 0’ 0) -5-’

-C -C -2 ~3 -(5 -.2) -C — -3 -0 -C -,j ‘C -3 ‘C

N -N
• 5- 4 I S • I a . I I 5 5 5 5

• •  C -~~~ 07 07 ‘S (5 5) ‘3 C 5) (07 C ‘S ‘07 -0 C
I s j~ N N— 5-— “-. — N N-. 5-— N— F— N-. 5-— N~ N— N- —

.-a ----. ’0 44 •

N- N
55.0

7 0 7  C X  5 5 I S • • I 5 5 I I I I I I
— — . 5 . 5 7 )  0 C 07 5) (5s 5) C C C (5 0 5) C) C

C C) N- N- 5-— 5-— N— N- N—. N- N 5-— 5-- N— N- 5-— N—
F ‘— N-
F • - — s... N

0 0’  C C C ’—— I I

• S S I • I I I I I S S I I I S S

5’ 57 0’ .5’ 07 07 ‘3 - - tf’ 0’ sf’ (5’ 05 0’ 0’ 0’ 1(5
• . 5-— --~~~~( 5 - )  ‘C ‘C -3 -2 --7 .~~ -) -C -0 -.3 -3 -0 -0 —2’-

- I
S ~~C 5 5 C  . a • a s • • • • • s • ~ s •

-7 -. ’- N -,. 3’ -t -3- —? -7 -7 -3- -7 4- -3- -.1’ -.3- -4 -i- -3- .4-
— — 5--. N I 5 N -~ — N— N ~—- — N— C— N-— .- N— N- 5-— 5--. 5-—.

• I I I ~~ —i~
0’ 0’ 32 (3 0’ (5
— — N - N - —  I • I a . 5 I • • • • . ,

C-, (N N N. ‘N C-I ‘N C-. N. C’. Ni (N 5-Nj (N ~
- -J 5-3 - -

• N N-— N-. N- N 5-— 5-— ‘- r— “- C-- 5-— 5-- N— N—

• • 5- , { ~’.
0 7 - 0 .  . 0 7 - 7 )

5 - — --- _\ I I S I I I I I S S S I I I a
I - 7’-. -- 

- 5- — ‘N N 5-. 5-N (N (N. ~~ (Ni ‘N -N -N N. 5-Nj 5-

• 07 .0 -0’ CC 5- 5-- N- C— N- 5-- C- - N— N- N- N- N N 5-— N
— -4 5 5 I S

7) ‘0
N N-

I I N. C’. 07 -2
_-5- _ t_ 

~~ = • • • 5 • • • 5 I • • 5 a a I
I S C-. N (N N 5-N N N- ‘N 5-N 5-- P-, N ‘5-- 5-

’ 5-
• 5 5--- N. — 5-— N “— N- P 5-— N- N- N F—~ 4 - -  C-—
C’

• I — 5-— — 4.-
.0 ~ 5-. (Nj 07 7)

I I S I S I I •• I . I S S  I I  • S I I

a .  ~~~5 7 7 ) ’ S 5 5 -4-
• . ‘7 - -3- — -7 ‘— ‘C 5-— N- ~ -- -C 5- -- N- - -C 5-— .~~ 

5-- -2 N-—. -3 .
~ 

5-— N -5 -- -.7 5-— ‘C N-
.5- .0 5-— N- 0’ IC
— — “ ( N  

5-

_— 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -



~-:T:T T~~~~~~~~~~~~~~~~~~~~~~
’
~~~ 

-

~~~~~~~~~

V

185.

‘DC

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~ 

-
~~~~

-
~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• I I I • I I I • C) ‘D 0 0 C 0 0 C 0
CC CC -~~ CC CC CC 30 C)) CC N ‘N (N NJ ‘N U.

~ C’ C
-~~~~ -~) -15 -0 —0 —C) —C’ -0 —2- —0 • S I • S • I I

I I ~ ~ S ~ • I (D ‘5) ‘S C 5) 55 07 C 17’
>7’ 0) 0’ 17’ .7) 0’ 07 (5) >75 .-.~ 4 .a ..4 .... >7’ N
3 -2 ‘2 -C -.2 ‘C -5 -1’ —C • • •

a ~ S a 5 5 a 5 5 (53 t~t
-’ 0’ .4’ 7 -07 0 C- -

~r’0 (5 5) (5 ‘3 0 CD C C C C C C) -~~ C 30 C’
— N— N- F— . N- N F— N— N-— N-— a s s s • • s

S I I • I 5 I I S ifs 17’ .1) >7’ (5) LI’ 0’ ~i’ 0’
C C C C) C C C C C --a .-i — .-. —s --a .-a — N
N- N— N N-— N-— F-— 5-— 5- — N-— s I • s s . • .

I S I S I • I , 7) C) C C) ‘S -53 f-
0) (7’ 0’ (7’ 05- 07- 4) >~ - If .-~ -‘-5 — — — .-‘5 C ra ‘3
-0 -0 -0 .0 7 0 .0 .0 ~~ I I I I I 5 5 5 5

I a I a a • • • , — —-4 — -a c: ‘D 7) -a cr
+ 

~~
. 4 4 3- ‘7 3 ‘7 4 .4- 4- .4- C U’ L N- 5-I

~— 5-—~ N- 5-—. N-. N- 5-’-. 5-— N- I I I S 5 S S I

• a • ~ , • . , . N —— Ni 33 44’ (N CC *0 (5
5- N 5-33 (N N N ‘N N-i N N. ‘2 -0 .7’ 17) 4 >7’ >( C5-. N— N N-- N C-- N- F— ~~- a S a I • • 5

• • • I I S I • I N- 30 (N (3- (N C -3 0’
C’. (N ‘\ (N (N 5-N (33 7’. (N -2 -2 Ifs (5’ .7 >5-’ >4’ .3— - N F’— N 5-— N- 5-— N-— N N • s S I s a • I

• a a • I a a a s N- — O~ ~~ 0’ (33 
~
‘- C

N. (N -N -N. N. (N N. 5-33 (\ -C -C It’ .5’- .4- (7’ Li’ -(5 J
N- N— N N- N N- 5-— ‘— P~ 5 I I I I I I I I

5 5 I I I I • 1 5 1 5 1 1 5 5  I S • ‘— C — C C ‘~- - C C C N. ‘.‘ 0’ C -(5 C (5- C’
C r 5’~~~~~~~ -r~~~~~s ~~~~~~C 3 0~~~~ ’ 5 ) C~~~~~f ’ -  7 p ~~ 0 ’ r \  ( f Nj .t’- 0 ’ U ’ 7  t C r ~~~2

~~~~~
- -

- - — _ , N ,( ‘ — _~ 
5 - -  5-— ,j 5-— a • I a • a • a • s s • • a . • a

I 
- 

- - -
~~~~~~~~

—- ---- - -
~~~~~~~~~~~ _

~
_
~

_
~ _.-ai___ - - ________



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



::~~~~~~~~~~~~~~
-
~L7~~T~~

187.

- - 
~~ c~

r-5C--\c’---5 ’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 7~\5’~~Cc~
-
~ -: z )~~~’~~~ z~~-~~~~~~~~~~~~~~~o~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - + - ~OE-~

C .4- —.4 —a 30 —~ (33 CC 4- -O C ~0 4- 0 ‘5’ 5-) CC- .0
- 

- 55 C C —a —4 (N C-i -4 r-~J — -~ - -N ‘N N 5-fl ‘N
I I I I I I I I I I a • • I I I

— CC C C — 07 CC 0’ (5 CS C C CC 5’ CC
‘7 C 17’ - N- CC 5’ C (N- 0’ CC 5-)) 0’ 5’ N-— N- N-- ‘C

• S S I I I I I I I S S S I I S I I
--4 —

- C C 1~ >75 — 0’ N-— 30 >7’ C -N (N 07 5-07 — C)
— - ‘-~ ‘N  — — ..~a _. (33 —

I I I I S I I 5 5 • I 5 • 5 I

—a 77 C (5-’ >5’ — SN- N-— r- m -N. LL~ 0’ —
,.4 -4 — —a — C- fl -4 -4 (Nj —

• I I 5 1 I I I S 5 5 I S I I I I I 5

5- 
—~ ‘S C C 04- 0’ — (‘ N- 07 .5’ C (5-. C-, 0’ 7 —

— — — (N -N — — ‘N —S S I S I I I I I I I I I I S I I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~a — C ~ 
‘S .— — - (N C- C- .4  )‘- 5-33 _ 

‘—4 - 33 5-’. (N (N 7’ —5- ~~
- 5- 5-

I S S I S I 5 I S S I .  I I S I I * S I I S a I l S  a • • •

-
~~~ - -- 

- — ____________ 
- - -~~ - _

~~~~~~~~
__ ‘7___  

‘~~~~~~~-- - --



— —,~~ - - 

‘T~~~~~’~~
5’
~~

— 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~

0’

0’ C C

N.

N.

-- ‘-- 5- . -- 
~
-

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ -~~~ -~~~~~~~ -



—— -~~~ 
-—--, _->-)_-.-,_-,___ _ _.-,__.,_•__ _ _ __,_,_,,_,__n ,, 

- 
~~~~2~~~~~I ’ S y5-— ‘~~~‘  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

- -rn ~~~~~- - -~~~~~~l :. _~u o ~ _ --  - - - — -- - - - - - ---— — — — ----
~~~ 

189.
— 

A.5 .3 Input Data ~odifications

A 5.3 . 1  B u i ld i n g  Energy Demands

When performing only the sIngle t ime  i n s t an t

— 

- build ing loa d ana lys is (KODE ~ O , IDES 1, KODE= 2), it is possi—

ble to eliminate s-sony of the parameter specifications on

the cards describin g the TUS (a~ S 5 and 6), since the only

information required is the general TUS piping configuration

and the l oca t ion s  of the load center heat exchangers . Thus ,

all fluid flowrates , fluid parameters , and nodal dimensions

may be omitted , although i t  may be de s i r ab l e  to inpu t  non—

zero dummy values for these parameters to eliminate the possi—

b i l it y  of c o m p u t a t i o n a l  o v e r f l o w  e rroec  occu rr i~ Lg during . the

transition fr-on the single time analysis to an hourly J oad

analysis. The c o n s u m e r f l u i d  renaL ’  and ac - t u r n  t e m p e r a t  ur~ a

and the Jal  f l u ’d s~--es ~if ic heats  mus t  he spec i f i ed ~f a

complete analysis is desired , since the in it ial loa d cen ter

heat exchanger fluid mess flowrates are computed at the S s > T O

time the load discribetion is printed. All TUS no- i-e l cards

must be input , a long  .-> i t h  the:ir  location and t y p e  codes , t o

facilitate heat exchanger i - i ent ~~f i c a t i o n  by the load aggrega-

tion section of the program . The nenPor of tubes in each heal.

exchanger need not be snecified (c-cad type 8 ) ,  bu t  its

supply—and d’m -end—s~ do node location codes must be supplied -

Initial coniltions as th--s reservoir and c r >  the  power p l an t

side of the ~~~ supp ly  heat  exchanger are unnecessary , but

- ~~~~ ~~ 

-~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
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- ~ ‘g le ir. -e a n a l v s - e s , a ll  i nit i a l  system d a t a  she --’a it. - -he

~~
mp 5~~ I5C~ bet~-:ee r J I E I = - t ~-caa rl tys--c. C C~~ and h 0 - = l

s- a:- d b y t e  27~ 
— a- be inp~~c f a l L s - s i n g  ii — : -o  cool

- ccl o l c t io r .  subrc ~~tL s- slob ar c s ’  - ; n a te  .-:eatht - r and

a-c l i ng  r e a u~ r- -cmor-ts r p e : i f i c a t ic r e s .  (Of oco :’se , EcDE ~~2

c-L I t h e n  r ep l ace  11TbE=l f o l lo w i ng  ctc -d lyre 3~ - , an: no

: cr th er  data  - oLd be- r-eoui reb) .

E :-: ter ss ion of toe si L l O  t i ne  insoar !s. :-uiLing los-I ar>a—

mis to an hourly enalysia wil2soot a~--rf cr ce5- ng any olS cL --

:a~ at i:- - .3 re -~u : r e s  so- : -n—:e’ C~ ( s Lab r o n — o c u a l )  v a l u e s  t o

fo :  The c o no o m e r  f l a b - I  su p p _ y  and re t a> ’: m c e : m i e r c -~r

end n o n — z e r o  va in -o r for -  tho  bO~ b cea:er heat e :-:cheaoer - f l u t i

c if bc  heats ; ‘so avo~ I cc ‘flow~ d- ’i.sg the calculation
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c - .~~.tiofl5 a~ e ir~~u~~, date must ~~~~ ~~~~~ ~ I its ” each .osir’

of  the ancips -is rc~~~~~~-: ~~~. (Th e s  hcur ’ ]~ data :ai’:-o s see~ n - - L
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:~~ : .‘a ues  :h: :o p o ev e nt  0 02 5 10 ove~ ~~owr

:~~r i u~ th e ;it~~a1i:::iou sa lt  at i o n :  Al l  ~ I d i n o

sues  c a t  1:ss aOci a : ~ b u i : d l~~ - ±1 : t. cn r us t

b~ :upo lea to ever . pr’ •o~u- . ran a: cion . Finally, f::

single tire ana1vs~ s , all fultial sys:-n d a t a  shown In the

sortIe l i st i n g  bet~~eer 1 2=2 (card ty:e 23) and KOP2~~

( s ar d  t y t e  27 )  t se :r~oa t  f:l1 fna PE3=l t o su r : l v  toe

1:ad ca l c ul a t io n  s u b r o u tin e s  w i t h  n r cp r l a : e  w e ath e r  and

i lding  requ i rements  sp e c i f i: at i o n s .  (Of  c o u r s e , K CD E=2

wou d th e n  replace  K ODE =l f o l low i n g  c a r d  t y n e  35 , an d no

farther data would be rec~uIred).

xtension of the s in gl e  t i re  instant building load ana—

~;si. s to an h o u r l y  o lysi~ w i t h o a t  p formino any T~ 3 cal~-

s u lat i o n s  r eq ui re s  n o n — z e r o  (u n d  n o n — e c u a l )  va lues  to be

s~appl ied  for the consamer f l u i d  su r p l y  and r e tu rn  t e m p e n a t a T u s

ond non—zero values for the load center heat exchanger fluid

2:uoiflc heats to avoid overflows during the  calculation

period between tne tv: : opt ion  e .c ou tions. Follo..ing specifi—

~a:iori of Ei:::=l a:~:er toe initial ~;ea :n i r  data :f1din~

o n t i t i on s  are I n n ut , data  mu:~ be orov ided  far  each  hour

of the analysis de:~ :~~d. (These hourly data val es need not

be :onsi3~~ent w i t h  : r n t i nu r u s  fu n ct i o n s  for a s r e :i f ~ :d

- 

~r icd , s i n c e  t h u  demands are :ooou’;ed indep::~a~ ntly at etch

:u r i ~ in t e rva l ) .
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A .5.3.2 Steady-~State System Analysis

Since the steady—state TUS analysis performs

essentially the same computations as does the dynamic system

analysis (but under steady—state energy and momentum traris—

fer conditions), the input data requirements for the steady—

state analysis program execution option are exactly the same

as those shown for the dynam~c system analysis , with the

single exception that KODE=2 is input for the second value

of KODE (card type 27) and no hourly data is required . Esti—

mates of the secondary loop fluid flowrates should be approxi-

mately equal to the expected converged system values to mini.—

niize the number of steady—state iterations required . As is

demonstrated by the sample data , all secondary loop tempera—

tures , all consumer—side load center heat exchanger fluid

flowrates , and all primary HTW loop temperatures except for

the fixed supply temperature at the loop inlet may be left

unspecified with no adverse effects upon system convergence

or the overall cost of the calculations . Since typical TUS

configurations may be expected to converge well within 1 CPU—

minute of computing time if the estimated initial conditions

are at all reasonable (see Table A .lO), use of the steady—

state syst,m analysis with a ~pec~ fied upper limit of 1

nu1nu~~ for the CPU time can provide a means for verifying the

validity of all but the hourly input data directly associated

w it h  the dynamic system analysis. Any mis—punched data cards
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A . 6 . 2 Building Energy Demands

Whenever IDES 1 in input , the first system analysis data

to be output is a summary of the individual building type

space conditioning loads calculated for the specified Initial

weather and building usage conditions (i.e., the loads at

time t = IBHR). These individual unit demands are then

aggregated according to the specified distributions of

buildings and end—use equipment , and the resulting loai ils-

tribution is printed by building type for each load center

heat exchanger and for those buildings in the “external

system ” not supplied by the TUS. (It should be noted that

the printed loads are the net heat losses/gains for t he

S buildings prior to being scaled b ’ the end—use equipment COPs

and that they include domestic hot.  water demands). For ~~~

S heat exchanger design and system initialization purpc .es , the

total thermal energy demands at each load center heat exchan-

ger (including the effects of the consumer equipment COPs ,

but not of heat losses in the piping) are printed . If an

hourly building analysis is desired , the individual buIldin~o

type space conditioning load summary is printed for every

set of hourly data points provided , but mu further distribu—

tion data is supplied. Shown below are the outputs of the

biiildi~ g space heating demands , the building load distributIon ,

S and the load center heat exchanger thermal demand s correspon—

ding to the initial conditions specified in the sample input S

data .
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A . 6 . 3  Steady—State System Analysis

~hcn the steady—state system analysis is executed , the

i n d iv i d u a l  b u il d i n g  type  space c o n d i t i o n i n g  loads are cc:~—

puted and printed as in the building load analysis option

S

-
S 

described above. The demands are then aggregated , scaled

by the equipment COPs , and are applied to the load center

heat exchanger;;. When TUS convergence is achieved , a nodal
S parameter summary is printed which includes fluid temperatures ,

fluid mass flowrates , the steady—state riodaa energy flows ,

loop circulation pump pressure settings , fluid conditions

on both sides of the TUS supply heat exchanger , and speci-

fications of the heat stored in each section of the therma l

reservoir. (It should be remembered that the values printed
-

- for the reservoir stored energy are only relative indicators

of the actual energy storage trends , and that the wat r volume
S 

data provides the absolute heat storage information). Follow-

ing this TUS summary , the building load distribution on a

per—heat-exchanger basis is printed for the steady—state
-
. demand conditions , and overall TUS and power plant energy

supply/demand data is summarized. The building load s and

S the demand distribution data output for this option are

~denticai to those illustrated in Section A .6.2. The con—

I verged steady—state TUS nodal summary corresponding to the

- 
S 

sample initial conditions is shown below .
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ue :t e a dy — s t a t e  system :ut~~ut , ‘S~ r,oe th~ 11:u ’ly  cI ,~ta is not

r c aci i nt o  t h e  r~~-:g~’am ..1Y ii ~n -~ T ~. - -
~~~~- t ~~~~: h a v c  c r - r i —

The - :-utput  f rom t h e  ~yr5 mi  - : :s t~~~r:I s i m u l a t i o n  is s-:he ’iui—

~o ~ I~~’S t oe user  aui  ca i .  t e  :-~m p li~~~ o~ f: -~-:~u e o t i y  as every

t ime  5~~~ ,Dp or a: ~r 1f re -3u ent - iy  a: ce each  h ou r .  Po~~nt -~h~ o u t —

;;
~
t 1r1:ludes t he  i n s t a n t a n € ous  TU~ noda l  :~~nnary at toe end

of the  ~-~ ven t ime s t e p ,  th ~ i n s tan t .~n ec-us  d a st r a b u t io n  of

L i ’~1n~ loads at each  u -~ oen t ’C r L-a t  e x c h t n ~~er , anJ aS -_

~~~-~ ary of the- thernal erts )-rg~.’ ~up~ l~~t d - . T- and m i sm a t c h e s  at

• each heat ex :o~ nger in the syst1 r . Th’- r;c~~tl summary and

b
~~

i i d in g  load di:tr~ bution are 1:~snticai io form , to the

out put illustrated for the stcaTIy — ~ tate analysis; a s- ’S ’S I a - ie

heat exchanger energy ~aleooe output- listino is S:1 ‘n  r l e l O W .

I
C S

_ _ _ _
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S Also out:ut r-:m the u : : 5 a m i c  5~ Ifl  is a L ) U f lC hCd

- t e c~~ o~~
’
~~ - ~ ~e ~~c~~0io ~ o~ the ~ ~~~~~

:oo:ma ~oa: (~~n c l : u i n~ a~~l l a s s a s  , toe m otto—

5 E S  ~ :~ta i  e l ect r i ce l  dem and , an d t he  v o lu m e  of w t ;€ 5-r S

c’a~ a ned in rb- .- :-t s ec t i o n  of t h e  t h e r m a l  en-:’r~~v stoi’aTe
S 

:-esto- .-:ir at h~- end of ea-; b t -o ;pur  i n t e r v a l  line step .

These  ~ 1’eral1 sy. -t a : .  n a r a m e r er s  a re  output ir, a f or m a t  eas i ly

a ia~. te a  to ir 1:e~ an-n i S~ nr Ir ~~y con~~ ni; tion analyses (see , for

e~: iss 1e , R e f er e n c e  l~~) ‘:‘r to sim:-le hour ly  s yst e m  summary

eata piottian, ~out-in~ s. The com ~:Io : : t ion  a~ oJ :‘5 cr r n at  C f  t h i s

St a ta  -s ock is:

1. Header  card :

c .c .  1—7 F 7 . 2  r ow ~-n r i an t  elec tri cal

rat ’ n~ in N”I e

c.c. ~— ] 2  F 5 .2  t I D W O S’  : : S ~~~:1 t

t r i ca l  on- ~-r ~ry c c- n ’ 1~~e i - s i c- r.

:-:‘f ’ i c l c n n ;  ( d e c i m a l

:~oac or1 )

2. T y : t e r r  - . ata  -: .~ • 1 (one :u n ~I h e .~~ ’~~- ~r.:t conuiti r

tOO at e~~co r S o o f 1 e I~~ - - I t t -I~~~t l Ot O i t t i  iurioo d y : I OIh c

as1 ~ysis)

c . c .  1—B FL2  t ot a l  TUS t h e r o t~ 1:-oh

in MWt

c .c. 1~~-19 F 8 . 2  t .n~~a1 TES electrical

_  -- 5 ----  — -- - - - - 5 - ~~ - - 5 - -~~~~~~~~~~~ - — -S. 
- -~~~~~-- - -
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c.c. 23—30 F8.2 water volume in reservoir

hot water section in

l0’~ ft~ *

• 
— 

‘I

*For most moderately—sized systems , this unit of storage

produces punched values for the water volume of magnitudes

comparable to those for the thermal and electrical energy

demands and , therefore , easily adapted to a single set of

plotting axes. S

- - ____



-‘I—-- “~T~T~~ 
• 5E’ ~~~~~~~~~~~~~~~~~~~~~~~~ 

C~~~~~~~~P~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ ____

1~

~~~~~~~~~~~~ ~~~~ _~~ - 
:.

— I

ItIhLi ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I-- C’,.1SO. _1SOS.1s_, ~ - —



5 .~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ -

— s. S - S . V~- s  - ~

215.

TDIST Var iable  D e f i n i t i on s

Var iab le S Def init ion

A ( J )  C o e f f i c i e n t  in window solar heat gain formula

for absorption of incident radiation

AC Nodal cross—sect ional flow channel area (ft 2)

• ACC(NP) Fluid acceleration through pump NP during

-~~~ one t ime step (lbm/hr 2)

S AEC Atmospheric extinction coefficient (dimension-

less)

AF(I) Area of Building Type I in contact with the

I earth (ft 2)

AI!-IFL(I) Maximum rate of forced—air ventilation for S

Building Type I (C ~~~ )

ALAT Latitude of site (degrees)

ALEAK Total air exchanger between interior and

exterior of building (CFH or CFT1)

ALPL Heat exchanger fluid temperature decay con—

stant (dimensionless) 
-

I AMAS(K ,L ,b) Desired nodal f l u i d  mass flowrate ( lb m/ ’nr )

A~S(L) Desired fluid mass flowrate in secondary loop

L (lbm/hr )
I 

AR (I) Roof area of Building Type I (ft 2)

A A C  Apparent solar constant (BTU/hr—ft 2)

ATJ (K ,L,~~) Linear avera0-~e difference between nodal fluid

temperature nnd that. of surroundin~r: (°P)

S - -  S -- -- 3 - 0~~~~~~~~ C.i ..Z_~~ ~--- - - - It~~;:. 
— -5-
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- - h~ Ct •::-:-:bari~ or ~~~~~

r r T )  urna 2 il f l u i  ~ t : i l - ~t tes s~ ; -a tu r e  ( ° 2’)

- ~.JT ) ~~ Iso 0 th-a l fl a l i :  o-s t let  too:. eratsr’e (°F) 
-

- U n - 1  c-aa t r o n s l o : ’  c o e ff i c i en t  (bTt’ / h r — °2’ )

hi. ~~-s I i :s :- O i ’ I - O l i O —  - - O t O 2 ~ :‘S. s te :’iaj  c ’C S :suuc  L100
-

‘ 

h e at  :n~~~ i ’eo c oo f 2 i c i on t  ( 5 A .17h r— °F) 
S

AT ’S S ‘ o ’S nducni cn b-oat Trans fe r  ,~~I~~~ f ’ S L C  t Ot

( b S T U /h : I _~~F )

A t ’S T- t a ’5 w all  a:; .i u i J , i-: ;-; c o n d u n t  ion heat  t r a n s f e r

CC I 1 t 5 1- : Ot  (3T1 1t ’ - :s— ° r )

I c t e l  e x p o s e d  wal l  area of Suildin:; Tt’m-e I (ft 2)

A W - ( I )  ‘: t a l  - - m it .-. aroa  of bu i l d i n g  T;~pe = ( f t 2 )

I 2- H€ -~~t ox-oh s  nc-er ’ otat transfer coefficient

S (SIb/ lIla _ °F)

-

- 
2AS~ T-~: .: co at ~:e — o d ~~u s t e d  aLsorst ive ~r conditioner S

S 

~c - - -  f f ~~~c i c n it 01 n e : ’ f o r : n an c e

Cc~’tli rb t O t  - I .1 - -t : t c - oe f fi c  t es t  of r-erfc’rmance

a ;l i s : c .- : - ~ r~I t f ;r :t o r

-
- :- - a t i I I a  c-:: . ‘ a n e n t  c o e f fi c i e n t  of F- tr io :  1 . 0 1 e

n er j t f a c t o r

a t u r ’ e — a - j u : t e d  cc- m~~ r e o s r t S - ’  air’ c-:: a :. t: I c n t x ’

- “~~‘‘ L l i ,  -_ I C O t  o. F 5e s t 5.~~~
S .5 .L a rI C e  

-
~

SI:(I) :--e?~~:t c’f -~u .~ - l in g T-c~--c ~I ( f t )

~~~IC_ [ . -__ - - ‘ -  - 
~~~~~~~~~~~~~~~~~ LIsI - -~ - 5T~~~t~~~~~~”~
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BHPM T e m p e r a t u r e — a d j u s t e d  heat  pump c o e f f i c i e n t

of’ performance

‘
S BMAS(l ,l,U) bo sired fluid mass flowrate in bypass arou nd

primary loop heat exchanger node N (lbm/hr )

BPDIS Inverse sum of parallel node pressure drop

factors (ft 5/hr-lbf)

C 1 BUF(I,NN) Use factor of Build ing Type NN at hour I of

simulat ion (decimal fract ion)

0 = Building unoccupied , no equipment use

1 = Full occupancy , all lights, appliances

ventilation in use

-
S BUF(25,I) Use factor of Building Type I at beginning of

simulat ion (dec imal fract ion)

0 = Bu i ldi n g u n o c c u p i ed , no eq u i p m e n t  use

1 = Ful l  occupancy, all lights , appli ..nces

vent ilation in use

CAP(K ,L,N) Nodal fluid specific heat (BTU/lbm— °F)

CAFG Spec ific heat of power plant coolant in pro—

cooler (BTU/ lbrn - ° F )

S 
CITY Alphanu meric run title

COND(K ,L,N) Nodal heat- co-ndu:tion rate (BTU/hr)

CONV(K ,L,N) Nodal hea t convect ion rate (BTU /hr )

Cs Solar incidence direct~ o-n cosine

CSFAC Case input scars flowrate scale factor (1.0)

L - ,- , 
—‘ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

S 
~~~~ - - -
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S 
i.1 ’ ( l i  Cc~~- i : . - -  o f  in c i J~~:. ’ a t - la : - - : ‘ ad i aa ion  re~~~~~~j v e

- 
a~ - oo :nal  o~~:’f ace  I

-; I — —  ~ c-a Ils , cIocevlse 1000. n o r t h

S 
I = 5 = roof

S CVO Volume c-f cob I~I t t C 5  sect ion  of r e se rv~~ir (f r t)

U:ba I,C of u _ h -:.~rer seotic:. of re :c r ’ :o i r  ( : : )

- 4 OW l o la r  i o - : i h e n : e  -d r ’ect or. cos ine

-sli :-’ incli~ence direction cos ine

T L ( I )  T ot a l  1, 0 d b Of t r a c k s  a round  al l  e x t e ri o r  dou r- s

in bsi1cci nc~ i . ype  I ( f t )

TB-C L Solar  d e c l i n a t i on  ( -deg ree :)

Heat ex ch : n ce r  heat b a l a n c e  c o e f f i c i e nt  (d~ m en —

Siuni~~S S )

- :F s I ( U N )  D~~f f u : e  solar  r a d i a t I on  ir.t~~n s it v  1nc I~~ont on

wall flU ( L T U / h r — f t 2 )

-~ P5512 D i f fu s e  solar r a d i a t i o n  i n t e n s i t y  I n c I d en t  on

roof (u T h

U~~x i n~ m en e r c y  demand f o r  domes t i c  li -s t w a t e r  use
E S

l r~ ~u~~ld in c ;  Type III (ETU/hr )

- T~ A ( Y ,L,U) budal fbu ,~ channel ‘~~m a5,Qte.  ( f t )

D1N-C( ) Infiltration a i r  f1:w c o e f fi c i e n t  C for dc-or: in

2 u i l d i n~ Type I (CFN/ft—in. ~ 
S

T T U U ( I )  r n f i lt r a t i on  air f l , ’: coefficient N f- -- r doors ifl
1 B u i l d i ng  T v r € - I  (d imens i onless )

~s~~~~l - I 
~~~~~~

_ , .
-
. . ,  ‘ 5 —  ,_ , , ,. - -~~~ 
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DL Distance fluid flows during one time step ( f t )
* DLK Total air ‘infiltration through cracks around

doors (CFM )

DM Loop fluid mass flowrat- e at end of time step

( lbm / hr ) ( FLOWS )

DM Nodal fluid mass flowrate (lbm/hr ) (PRESS)

0~ DMAS( l ,1,N ) Desired f lu id  mass f lowrace  in pr imary loop

heat exchanger node N (lbm/hr )

S DNSI Direct normal solar intensity (BTU/hr—ft2)

DP Nodal fluid frictional pressure loss (lbf/ft 2)

DPM (L) Maximum free—flow parallel node pressure loss
S 

for loop L (lbf/ft2)

DQ(NE) Thermal demand at heat exchanger NE (BTU/hr)

DSI(NIJ) Direct solar radiation intensity Incident on

wall NN (BTU/hr-ft 2)

DSIR Direct solar radiation intensity incident on
S 

roof (BTU/hr—ft 2)

DTC Nodal outlet increment fluid temperature loss

due to heat conduction to the surroundings (°5)

S 
DTir~-:E. Size of one time step (decimal fraction of a:-.

hour)

I • DTLI Nodal  loI~— me an  t empera tu re  d i f f e r e n c e  ( °F)

I l l - T b: Log— mean t empera tu r e  d i f f e r e n c e  over heat

exchanger  out le t  f lu id  f low increment  length  ( ° F )

S S’~~~~~~~ - -  5 - S -S - -- S .  ~- S ’ S• 5-’
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S I EAE :- :-~~1inal c o e f fi c i e n t  of p e r f o r m a n c e  of ab sorp—

t i v o  a i r  con d i t i o n e r s

N c-s’bna l  coefficient of performance of’ compres-

sive air conditioners

EFF lower plant thermal/electrical conversion

e f f i c i e n c y  ( 1~)

ili:oioal coefficient of performance of heat pumps

N om i n a l  e f f i c i e n c y  of hot wa te r  hea t ing

ELE L leak n o n — s p a c e — c o n d i t i o n i n g  e l e c t r i c a l  demand

-

~~~ I
:LF(:) Non-000-:c—conditicni: :g electric load f a c t o r  at

hour I of sim ulation (decima l fraction of peak

l o a d )

E L F ( 2 ~~) :::s5 — :r ,- a c e — c o r .- d it i onin g  e l ec t r i c  load f a c t o r  at 
S

t e o t: ;n l :; g  of simulation (decimal fraction of

r eal load )

ER E N o m I n a l ef fi c i ency of r e s i s t a n c e  hea te r s

E SCL T o t a l  s y s t em  e l ec t r i c  space c o n d i t i o n i ng  load

(ITI’/hr ) 
S

T t ~~l s ys t em  electrIc stace condItioning ~-oad

S a t  e- ~o- l L-± t i o n  h o u r  lUll  ( BTU/hr )

F N o’  ‘ -;_ , I- i s b a c n  friction factor (dimer,:i-;nlcss)

C o e f f l c i c -n t s  in e x i an s i o n  for  w l o d o~ solar heat-

gaI t :  ~-:I ’r Iu l a  S

- —-- -

~ 

-
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FCTR Conversion factor (lbm_ft 2/lbf_hr 2)

F F ( I X )  Friction factor for heat exchanger IX exclu—

S sive of valve res i s tance  (d imens ionless)

S F H F E X ( I )  Fraction of uni t s  of Bu ilding Type I not

I served by the Thermal U t i l i t y  System which  are

supplied b~ hea t pump s

4 FP Nodal f lu id  f r i c t i o n  factor Inc lud ing  valve

res is tance  (d imens ion less )

FR CN Incrementa l / to ta l  heat exchanger heat f low

ratio (dimensionless)

FREXT(I) Fraction of units of Building Type I not served

by the Thermal Utility System which are supplied

by resistance heaters

FV(IX) Valve friction factor for heat exchanger IX —

(dimensionless)

FWLIT(I ,NU) Fraction of surface NN lit by direct sunlight

- I for Building Type I (decimal fraction)

N N :  l— ~4 = walls , with  1 def ined by normal

-, d i r ec t ion  WA , numbered c lockwise  from

- I no r th  - S
S 5 = r o o f

G Conversion fac to r  ( l b m — f t / l b f — h r 2 )

I 
H Angular  position of solar disk relative to noon

I normal ( r ad ians  from normal )

I 
‘

‘ (

I S
.. I S

S •
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5sF El:,arsed f r act i : n  of nsu~’1;-’ I n te r v a l  reing

exam ine d

S EVO Volume of hot wate r  section of reservoir (ft3)

EVOI Volume of hot water section of r e s e r v oir -  (ft°)

BE G Beginning hour of simulation period

1352 b - o g in ;n l ng  h-our of t h e  s im u l a t i o n  r e r i od  ( 0 — 2 3 )

0 midnight

12 = noon

IDES Des ign opt ion code

C pe rform standard u t i l i t y  sys tem analysis

1 = per form bu i ld ing  load analysis only

S lEND Endpoint  of s imulat ion period S

S 
, IERR Data error code

O n o  error

l = e r r o r

I E X(K ,L,N) Nodal heat exchanger code -
‘

— 0 = no heat exchanger

1 —3 0  = heat exchanger

IFLO Fluid flow calculation code

S S — - 0 = pump reset or initialization

1 = norma l t ime st ep sequ ence

I IHR End point of hourly interval being examined
I -

S 
, IHRL Beginning of hourly interval b e i ng  examined

C o m p u t e r  sy s t e m  card r eader  f n ; -ut  d e v ic e  number
I

I

I -

_ _ _ _ _ _
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INIT Pump pressure in itial izat ion code

0 = compute ioop pressure  losses

1 = reset f l o w  valves  and pu mp  settings

lOUT Compu t er sys t em line printer output device

number

IP M P ( K , L ,N )  Nod al pump code

0 =  n o pump

1 = pump

S IPNC H Computer  sys tem card punch  o u t pu t  dev ice  n u mber

IPRE Unused variable

IPRM ljnused variable

IP RX Unused va riab le

I S E R ( K ,L ,N) Nodal series/parallel flow code

0 = series —

1 = para l le l

ITIM Hour of s imula t ion  being s tudied

JPM Thermostat- limit indicator

0 = limits not- exceeded

1 = limits exceeded , pump reset to  take place

K l ( N E X )  Heat exchanger  bEE supply—side -group index

K 2 ( N E X )  Heat exc i cnge r  flEX d e m a n d — s i d e  :roup in d ex  
S

I I ‘ FT0~b- S i m u l a t i o n  contro l  c o l e

0 = steci’:—sta~ e a n a l y si s

1 -, cra ns~ ent o n :i i v s i s  i ’

2 = end of s h - : ; I o t i - o n

- - - -
~~~~~

‘ S -
~~~~~~~~~~
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o0- 2 1 b - ~~me r  coconut ’; p r in t  c o d e

0 = no p r i n t

-
- 

1 = print

Ll(fl: :-: ) Seat e x c h a n g e r  b EN su ;  l :;—s i-s e loop index I’
S 

L 2 ( ~~~:s:I: ) He-a t ex c h a n o er  b EE demand—s ide loop  index

:b- : :I ;( ,-: , z , :,) ~oaa1 f j r 1- c : ,anne l  l eng th  ( f t )

LS bun t e r  of s econdary  d i st r i b u tI o n  la-o p IS

— Ir i n ar y  1-s-ot node in d i c a t o r

:.
~Ass (h ,L,N) N o d a l  f’ laId mass flowrate (ibm/hr )

:‘IGAS F o~,or  r i an t  coolant mass fl~Iwr a t e  t h r ough

:-recooler’ ( ll i m 5 ”hr ’ )

NTR(I) Roof surface material t y p e  for Building Type I
S 

, 
(surface r ou ch n e s s  classes identical to those

f-c r Y T W ( I ) )

S 
N T N ( I )  Wal l  - o x t c r i o r ’  s ur f a c e  m at e r i a l  t ype  for bu i l dIn g

Type I

1 = stu - c o~ 3 = co ncre te  = p la s t e r
I 

2 = trick 4 = pine 6 = glass

N o d a l  f b i  V r ~~. C O S~~~t :S ( 1 1-r n / h r — f t  )

ItI (Us:’: ) Seat excha :. - -or NE:’, s u r a - l y — I t  I _ d o  n: ile index

- 

fl 2 ( - : E X )  H~’at e : :c h a r ,I 0 0  USE ~ema:. I—:  ~de nole m d

fl oi : 1 inj i c  :t,, r’ niusIb ’c r S

UA : ’ (: :I : , I )  ~:u~~ er of c~~ : t s  I f  :~-:1l i:io N y p e  I s e r ve d  t-y
‘1.1

S S - S - - . 5,-

t e at  ex , c , t n T o r ’  i . ’ ‘~‘. l n c h  ‘ ave  at  :c~’ : t i v c  ‘a i r

conditIoning

- - - -~~~~ - -~~~~~ -~~~~~~~~~~ -‘S-’~~~~~ --  --‘ -~~~~~~~ S S ~~~~~~~~~~5 - —  ~~~~~~~~~~~~~~~~~~~~~ -‘ ~~~~~~~~~~~~
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225 .

NB (L) Number of consum er load heat exchangers served

by boop L

NBOI Dummy var iable  for number of consumer heat

S exchangers  served by a secondary l oop

NC P! P(IX , I)  Nu mber of un i t s  of Building Type I served by

heat exchanger  IX which  have compressive air

condi t ioning

ND( L) Number of nodes in secondary loop L

NDO I Dummy variable for  number of nodes in a secon-
S dary loop

NDUN Load center  heat exchanger supply node indicator

NEX Heat exchanger  number

NEXCH Total number of heat exchangers  in u t i l i t y

system

NH Number of nodes In primary HTW loop
S NH PM( IX , I)  N u m ber  of u n i t s  of Building Type I served by

heat exchanger IX which have heat pump s

NHR Endpoint of hourly interval being examined

NJIWS(IX ,I) Number of units of Building Type I served by

heat exchanger IX which have hot water heat S

NITR Number of pr in t  in tervals  per hour

NMK Load center heat exchanger supply node indicator

NNODE Dummy variable , unused

NP Secondary loop node indicator

- 5 — --  5-’ -S - 5 —‘~ .—5-S’-5” 555 -555-5~~~~~~~ 5 ~~~~~5’~’-S5-5~ 
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226 .

C f  ~~~~~ a t t ~~~~ 5 b--t- .- e r ,  t O i r, t  I n t - ’~-als

:.s:s(: ,I: ,:) fl-och er -:- f’ unIt s of Soil_dine L y r e  = serv-5 -o b

boat ox-onunger X ;::oIcn ~,o-:e resistanc e heater ’ .:

.:5TEP _d,.r:t ~‘r of time stets rer hoc o

:/ 1 3 ( U E X )  ,~: -
~~~~ 

- f  tub~-~ in heat e:-:c:a;.ger USE

:IE::p Number of h-o~ rs in simulati on ;:eri- d

UT YFE b u n t e r  of o - o i l d J n -  t y c - e s  in c o m m un i t y

: :u ( ix , I)  Nurruer of units of Soil_ding Type I ser’5’ed by

heat ex changer- IX

:1 EE(:) bummer of units of b~ ilu1ng Type II not served,

by the Thermal Utility System

PC Stack—ef fect pressure or, bailoing (in. H20)

• P c ( :)  ~erc en t c h an g e in fluid mass fiowrete t h r o u g h

p u m p  I during one tIme step S

PCI Percent increase I!. 1cc-c f lu i d  mass 1’l cw r at e

durino one time step

PEX(I) - mper :tated pressure c e t t in g  f o r  r u n :  I ( h f / f t c )

INS Irecooler f’lo~ ,cs floc-:rate (bbm/hr )

~recool er f l u i d  m a s s  f iow: ’ute  (ibm/hi’ )

S 
FOL(I) Max imum rate of hs-:-1 1 cenerotion due to lightIng,

app l iances , pe -ol le , e t c .  for ’  B u i l d in g  Type I (SW )

PP(I) Total f l u id  f r i ~~c 1 -nal  prescore head faced by

S pump I (lbf/ft
2)

- - ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ sr- A
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P R E F ( I )  Refe rence pressure  se t t ing  for  pump I ( l b f/ f t 2 )

P S ( I )  Pressure s e t t i ng  for  pump I ( lb f / f t 2 )

PSENS Pump response sensitivity factor

PT Total pressure drop across wall (in. 1-120)

F TKN Normal air flow pressure drop coefficient

(dimensionless) 
S

PTKO Oblique air flow pressure drop coefficient

(dime ns ionless)

PV Normal wind-induced pressure loading on wall

( in. H20)

PW Wind—induced pressure  loading on wall ( i n .  1-120)

Q Total heat loss from bui ldings  of one , t y p e  served

by a given load cent er heat  exchanger  (B TU/hr )

QABS Energy demand from absorp t ive  air cond i t ioners

(BTU /hr )

QAE XT Energy demand from absorp t ive  air condi t ioners

in bu i ld ings  not served by Thermal U t i l it y  System S

(B TU /hr )

QCEXT Energy demand from compressive air conditioners

in buildings not served by Thermal Utility l’y s t e m

(BTU/hr)

-OCT Heat stored in reservoir cold water section

(BTU referenced to 0 °F)

COMP Energy demand from compressive air conditioners

(BTI,T/hr) 

~_ S ~~ _ _S~~_ SS _ S 

~~~~~~~~~~~~~ 
_ . .  — 
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f l _ a~~ s ou r c e  mm I - ~5’ervc-io- C SC l d  Water oecti’.,n

I
~~~ 

r e / e r - :c : e_ d  tc 0 tsr’)

Total heat lc~~a -doe to c u o - l 0 0 0 J cS n f r l ’m Nuil-dIor

Tyt ~ I (ET U /hr )

n ea t  ~~tu : e-u i n  r e s e r vo i r  c~~~: .1 w a t e r -- -s e ct i or .

( J ~~~~ r r f e :-~~nced to C ~F)

The~- ::-a demand at neat r-xchanger ’ (BTU/hr )

Total i onestic hot water energy demar~c for

c - u i I u i r 5 o s  of a giveu  t y p e  not  served b y Therm al

‘:o i:io’~ S - ,o~ em (ETU /hr )

To t a l ,  dor , ’~t t i~ ho t ;-.r or ene rc.y demand f o r  bu!1~ —

logs of one ty:-e served by  a g iven  load center

he a t  r ; ’:c loaLgei  ~B T i t / h r )

I s :  c l y /dena ,cJ  I m b a la n c e ar- h e a t  e x c h a n g e r  (E ~ 

S C ( U : I :  ) The :’ 0.0,, do :. - no at he at exc mmn r :e r  U :-: (BTU/hr )

EXT Tota l  hea t  loss fr-sm a 1  buildings of a give-n

t:~: e  not serv ed  by Thern -o l U t i l i t y  System (PTU/br ~
Ener ,~ d - : . o I ~ f rom  hea t um p s  in buildings not

:;erv .~J mm m5 cmxi ‘/;il~~ y System ( P T U / h r - )
S 

~S~~~~~ l Se-at so -I in r€-oer-.’cir hot outer secti:- :.

( 1I 5 r -r- f ’ Cr’~~r ,t~~_d t o  0 °F)

050 Heat  c t o r r _ d  i n  r e z o : -v :  11’ no- ’. w a t o r  s eCt  b r .  - S

(BTT refe :’eno;_d 00  0 C~ )
hoes  i I : ~~ u . : : ’~~ oc.  he at . nor- a ( b / h/ b c )

‘I,

S ~
--  
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229.

QHS Thex c.~ i energy available to thermal  u t i l i t y

S 
system after elect rical generation (BTU/hr )

QHW Heat stored in reservoir  hot water  s e c t i o n

( BTU r e f e r e n c e d  to 0 °F)

QH WEX Energy demand f rom hot water  hea t i ng  in b u i l d —  S

ings not  served by Thermal U t i l i t y  Sys tem ( B TU /hr )

4 QHWS Energy  den-and  f r o m  hot  wa te r  heat (BTU/hr) S

Q L ( I H R , I )  Total heat loss f rom Building Type I at s imula— S

t ion  hour IHR ( BTU/hr )

Q L E A K ( I )  Heat loss rate from Building Type I due to inf i l -

t r a t i o n / v ent i la t ion ( BTU/hr )
S 

- Q L I G ( I )  In t ern o l  heat generation rate for Building Type 1

- - 
, due to non—space conditioning equipment and

S people (BTU/hr )

QRES Energy demand from resistance heaters (,2U/hr)

QREXT Energy den ond from resistance heaters in build-

ings not served by Thermal Utility System (BTU/hr)

QS Thermal supply  at hea t  exchanger  ( BTU/hr )

QS(L) Total therma l demand at load center heat exchan—

S gers in loop L (BTU/hr )

QTLD Total thermal -d emand at load center heat exchan-

gers (BTU/hr)

QTLLD Total thermal demand at load center heat exchan-

gers (BTU/hr )

- -

~

—

~ 
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2?0.

I ’. :Ts-G~ :) h e a t  c a l m  t h r o -uch  ui:.. ~ :: f- o’ 1,~i1iIn— - T’r e

Ps E l u i d  yn-c I-u ’ o runr es ( 1 r - , -o: o ’ I n l e s s )

: ower plant oenec:- o ion ~ffioieccy tC

4 rn~ -o al syst on electrocal oec:ao--s at opeci ’ tea

‘ccc:’: a .  ,o 5: ,5 , r  
r a t - i r S -c

Peto-r-ec ce :r1 icoeI y u -c- c fluid mass f~~cS;c r~a te

(Ibm Ur )

PE ST Ref ~’r-~ ore r:rimary I-coo roturn temperature (CF)

RHO FoeS sor ace convective film heat transfer

S cocfflaient

RHO(:r~,L,b ) N o d a l  f l u i d  d e n si t y  (Ibm/ft 3)

Desired fluid mass  f l o- :r at e  it: p r i m a r y  I-ocr S

( lh r r /hr )

HIS(S) Parallel node fl-old Slow resistcn e fo r  1-rep S

(lbf—hr/ft- )

RRSIZ Pc-wmm plant ratirir to me- - t t-:tal s y s t e m  e l e c t r f —

cal dorna rld ‘at creclfleot ceneration efficiency

-o w n ’  plant e l e c t r i c a l  ge n e r a t i o n  c ar a c i t y  ( Y , ~e - )

S Rl-AB (I) IceS material :olar abs :-rptivity for so - -

Typ e l

STEL Power p lant base — l oad ther mal out put ( T S yt )

b-si]diri c Type I erco :si—centact material tb ’Ir’~~~~~~~ l

r e si s t a n c e  ( h r — f t 2 — °F/BTU )

~~~ j~~~~~~~~~~
- 

~~~~~~~ ~~~~~~~
---—- - - S ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :
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RTI -!Rh Power plant base—load therm-~I ou rut ( S TU / h o )

RTR (I) Roof therrria l resistarc’ e of buil-iin~- Lyre I

( h r - f t  2-°F/BTU )

RTW (I) Wall thermal resistance of Building Tyre I

S RTWD(I) Window therma l resistanc e o ’ Building Lyre I

(hr-ft 2-°F/BTU )

SDF Sky d i f f u s i o n  f a c t o r  (d ime ns ion l e o s )

SHGF Wind ow solar heat ga i n f o oter (ITl’:’:-.r-ft 2)

STLD Total th--:m al utility sy s t em  load inc .

t r a n s m i s s i o n  losses (SWt )

ST i R  R e s e r v o i r  hot wa ter s e c t i o n  ‘.‘clo mm- (Cmmxl ~~
” )

Sum of load center heat  e x ch a n g e r  fluid mass S

f l o w rat es

SUMT Sum of m a s s — f l o w — w e i g h t e d  l o a d  c en t e r  heat exchan -

ger ou t l et  t em o e rat u r e s  ( i b m — °F,’hr )

SWA Building orientation relative to soot : (radian:)

T ( J )  C o e f f i c i en t  in winiov solar  heat gain C 0:0010

0 for t r a r i s mi s s~~c-n of i n c i d en t  radi at ic- n

T A I R ( I )  Ambien t  air temperature at hour I of si o s ul a ti c o

( ° F)

T1 h ( 2 5 )  Ambien t  a i r  t e m p e r a tu r e  at beginning of simu la -

t i o n  ( ° F )

TAiU h Ambient earth teroocrature (°F’)

- --S - - -— --S - --~~~~~~ - -
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L I I  I on, - e- :- 1~~r :t oco l c r : t  c:’.: c o o :  ore at c u t l e t  of

p m m : o c l e r  (°F)

T -l~’ B - e: -~:-vo i r  c o b - w a t e r  se-ctlce temperature (CF)

Ho -u - .: v -s-ic’ o-o~ d -. .c’-er s e c t i o n  t em p e r a t u r e  ( ° F )

T: :-:od:i l mm’cl’at mm n m mr a ta r e  differenc e (°S)

I t - I :  Temo ‘:0-on :r’~ : : i’f ~-: on. c u r-o s :  nodal bo -oncuary

-cmm i r , o r o n .  .n a i  f low Ie :-igth fr -cm o u t l e t  ( ° F )

Tota l e e  ::or ca a  uc-n ar i d f r om ::ons~~::er ’ S s~ ‘ace

co-niltic::Ir.g and ot-omesti-: : hot water eaui~ nco:t

( B T/ :n’ , or ~W e )

S 
PLLT To tal :-yst :c. electrical load (Il-.’!e- )

S LEO S e c on d a r y  a c- op  f l u i d  r~:: er enc e  t empera tu re  ( ° F )

P ower  p l an t  o c o l an t  t en ;  er -a t- or e  at  inlet  t o  pre—

co c: -:r

ml Hese:- .olr hot ‘onto:- sectior . t e mp e r a t u r e  (°F)

PU S Fr incry ic-o p f l u i d  r e f e r e n c e  t empera tu re  ( ° F)  
S

Thy HTW t c m r ~ ron~~ur~ s e t t in g  at in l e t  to  pr imary

loop ( ° F )

LUl l  P€- , -erv-clr ho t  woter s e ct i on  t er o r e r a t u r e  (°F ’ )

L’l ( rl , S,b )  Nc - -o:I fluid I nl e t  t e mp e r a t u r e  ( ° F )

lbuol ’o t e  t :-ron e ra turs  t o  be m a i nt a i n ed  in t u i l d—

in1; ( ° K )
I

Len: :“:ture to main tabr. - H In Fui ld i r - Type
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S TIEM Minimum of t e m p e r a t u r e s  to  be ma in ta ined  in all

bui ld ing  t y p e s  ( °F )

TIME Elapsed t ime  from beg inn ing  of s imula t ion  (U r )

TIP Load center heat exchanger fluid inlet tempera-

S ture at. end of t ime step ( ° F )

TITLE Alphanumer i c  run t i t l e

TLD Total community  space cond i t i on ing  and domes t ic

hot water  energy demand ( BTU/hr , or i~W t )

TLH ( IX) Lower t empera tu re  l imit  s e t t i ng  for supply water

to consumers served by heat exchanger IX ( ° F )

TLP(IX) Lower temperature limit setting for water at

outlet of primary/secondary heat exchange- : IX (°F)

TM Heat exchanger temperature difference ratio

TMAS Total mass of fluid contained in a node (lbm)
S 

TN Nodal inlet terrperature differenc e (°F)

TO(K ,L,N) ~oda1 fiu~ d outlet temperature (°F)

TOAB Absolute ambient air temperature (°K)

TOB Ambient air temnerature (°F)

TODP Fluid t emperature- at one incremental flow

l eng th  fr-o n nodal outlet (°F)

T O P ( K , L ,N )  N o d a l  f l u b o  : c t l et  t emperature at end of t i m e

st e r  ( ° :-‘)

TPP T~It~’L çresson ’e loss ‘around loop (lbf/ft 2)

TQ (TX~ Thermal d- r ::J a load center heat exchanr~ :-

Ix ( P T ’ : / r , r )

I
S ~~~~~~~~~~~~~ — _ _•__5S~~~~~~~~~~~

_ 
~~ iill~



-~~~—--~~~~ 
- -- -S

23 ‘4 .

:I-L(IUP ,IX) Thermal J : m ’an d  at lo n e  c L o n t e r  b e a t  exchx : :ger -

IX at :l:onlation hmmr ::-it (t:1:,’:cr)

lR (L) Uass— :~luwrate—cverago-u fluid t eronera t ur e  a t

lead c-enter heat cxc harirLr mel urn neader for’

loop L ( ° F )

mF(IX) t-~s ig n t emp er at ur e  o e t tl r n  S5f water at cutlet

of prarnary/seconoary neat ex0000ger  on1. (°r)

TSAR Sal—air temperature at roe- S surface (°F)

TSAW Sal—air temperature at exterior wall surface

(°F)

S TSB (I ,NN) Temperature to be maintained in build Ing, type

0 I NN at hour I of simulation (°F)

TSB (25,I) Temperature to be maintaine d in Full-ding Lyre

I at beginning of simulation (°F)

• TSET Heat  exchanger  steady—state reference tempera-

ture  ( ° F )

TTLD Total therma l demand at a load center heat

exchanger (BTU/hr)

Tl’H(IX) Upper temperature limit s e t t i n g  for  sup c iy

S waLe:’ to consumers served by heat exchanger

IX ( °F )

TUL (IX) Upper temperature limit se t t ing for return

water from cono:om--oos served by heat exchanger

IX (° F) -
~~~

S.-S~
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TUP(IX) Upper temperature limit setting for water at

0 
outlet of primary/secondary heat exchanger 11

H
VLEAK Total air exchange between interior and exterior

~ I of building due to vent ilat ion ( C F H )

WA(I) Orientat ion of Building Type I with respect to

North (0°<WA<90°)

WDCL (I) Total length of cracks around all windows in

Building Type I (ft)

- L  
WDINC(I) InfiltratIon air flow coefficient C for windows

o in Building Type I (OFM/ft—in. H20)

WDINN (I) Infiltration air flow c o e f f i c i e n t  N f o r  windows

- in Bu i ldIng Type I (dimensionless)

W D I F ( T )  Wind direction at h -oUr I of s i m u l a t i o n  (degrees

c lockwise  from n o r t h )

WDIR(25) Wind direction at beginning of simulation

(degrees clockwise from north)

WDLK Total air infiltration through cracks around

S w indows (CF f4 )

S , 
y D S C ( I )  Window interior shading coefficient for Building

Type I (decimal fraction ; OEno solar tronon ,ission ,

lEna shading ) 
-:

S IV) Exterior wall c o n v e c t i v e  f i l m  heat  t r a n s f e r

- 
- c o e f f i c i e n t  ( B TiJ /hr— ft 2 — °F)

S 
~~~~~~~~~~~~~~~~~~~~~~~~ --5 -—. -~~~~~~~~~~~~
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- -u r f e c e  c oo: , c -o s s  coe-ffiobe n ts C-s r Fuibi ing
S 

:- , F , : : F (  ::t(I))
r o o f  s- . : f ’ a:~~’ r . e te r i al

o : - ‘ - ‘ / ‘: ( - ‘s ’ - S

t

~~~~ c i e~~s c - on r s  ~_ 1J,~ ~glh?13 (U S’S ( . , ) ’ ~~~

a i -: x -  n a i l  s o nt or i a b  4
- . ‘, ;UTI : ~~:.;m(:)  )J

:r ,S I I tr -a t icn  ii’ f lo -~, c c e Cf i c i ~~n: C t o - . ~II~

in EuI bbm g Lyre ~ (-IIU /5c 2-in . H20)

-1;IUN( I) n f f l  t . rat io: .  - -i l r-  fl -o w c o e f fi c i en t  N for walls

in  B a l i - d I n :  Type I ( d i ’ c e ns i cn , e s s )

S
,
~~S:o Tota l  ai:’ inlllt ratico n through cracks in walls

(CFr-~) 
.

S o:SAB(I) Wall material solar abto -orp civ itv for BuiIdlnr S

Ty pe- I

USGS A co, r e g at e  .‘:indow solar heat r a in  factor

( B T U / i - 1r— ft 2 )

‘IUF( ,U N )  Use f a c t or  Co: d om e s t i c  hot wa t e r  in bu i ld ing

type Sb at ho~ r I of simula t ion (dec imal f r ac t ion)

-I = :i o hc - t :at’. m use
I i

- . S I = use at :. r aP  d e m a n d  rate

Use f a et -:-r for  ~cm e s t ic  bc- I w a t e r  in  Pu i l din g

I Type I at- r c : o i n : i i n r  of slo - . u l o ,t ion (decima l

f rac t ion)
I 0 no hot  w a t er  use

I 1 use ‘at peak dc-mu nd r a t e  
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S W V ( I )  Wind v e l o c i t y  at hour I of s i m u l a t i o n  ( m p h )

S WV ( 25)  Wind velocity at beginning of simulation (r;rh)

X Heat exchanger energy supply scale factor

-
~~ (hr- °F/BTU )

— 

X ( I )  R e l a t i v e  d i r ec t i on  of wind r e l a t i v e  to no rm a l

° to wall I (radians)

XRAT Ratio of fluid mass flowrate through primary

heat exchanger to primary loop mass flowrate-

Y Diffuse solar radiation incidence coefficient

H 1
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