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USE OF THE BUIL DI NG LOADS ANALYSIS ble approach. h owever , the ie are several ~ott~i culI ics in
AND SYSTEM THE RMODYNAMICS PRO- t h is approach: (I) existing computer proclaim tot
GRAM TO P E R F O R M  TOTA L E N E R G Y  making these calc ul,itions jIC lot directl y .i’.j i lahle to
SYSTEM ANALYSIS Co rps of Lng in ee is designers: (2) the p iopr tet. ily P~ ’-

g la Ins  avai l:ililc are di lt icu lt  and expensive to  use , can-
not he dir ec t l y u sed by (‘orps Distri ct s . and i re 01 te l l

i l l : iccli la tc  III 01k’ (II tHOR’ 01 the cjlculjiio ii iiii,des

1 IN T RODUC T ION at td (3 )  i h ie i e  is no itietliodology boi a p~dviiig coi t ip ute r
programs t ( I  a t O t a l  energy study.

Background Objective
Recognizing that total energy systems offe r the po. The objective ot this reseaich was to develop ei ieigy

tential tor more efficient use If scarce fuel resources , and hite-cycle cost-analysis tools and a computer-aided

the Department  of Detense (1)oD) in 1 )74 issued a design m et h od to r  D is t r ic t  l -ngi neer personnel and

ih,icuit i~ i mt I llta t e,1uired calet ul  study (Ii the tea si bi l— their architect / engineers to use in assessuig the pertoi .

i tv ot toia l et ieres . se lec t is e  energy , and built-tip Iteat mance of can didate total  energy s y s t e t I l s . and t’or opli-

pump systems for imiuj or new constr uct ion and iehah- lulling total  cue, 
~ 

s ste lu pertor it iance in the design
i h i l at Iii p ro t e c ts . Following DoD’s acti on , the 0111cc phase in accordance wtt li requ i let ne nts ot Dol) Manual

ol llte (‘hiet i t  Engineers (0( 1 -)  issued instructions 2 4270.1 -M and OCE ’s supplemental instructions .
(hereinafter referred ii .ms ‘‘0( 1- . Instructions ’ ) to sup-
plemen t the directive and provide additional guidance Approach
or preparit ig teasibi li ty studies. The b u s t  ste p Is It leeling the research ohjec ttve was

to develop a user- iented - f ast-running computer simu-

Imp lI c it i tt the predicti ons of energy savings and the hation program I or toia l energy systems. Existing corn-
requll etuelit to st midy total energy, selective energy. puter programs ss CI C c’ .m h uated atid the best available
and built-up heat plirup s~ s tems  is t i me assumption th at program was l iolcuied and inoditied to contorm with
t he potential )i’ It O r) I i a ) I CS ’ ot t hm e sc svs tc , t is can be pre— t h e nodd ing leqliirelndllts . including the requirement

dicted .mc c I i I ,mie l ~ and t h m. ’t ~uch svsteil ls can be de- that the program in t e l  lace wi t h building load predic-
sI gIlc.I to per:itc II peak et t icie rt cy. In the past. the lions and a u dist r ibution models developed under Sep.
a pprl .m cl m I t  dcsm 5 iiiii5t cite , cv s’ stcins was to satisly irate .\rmy- and l \ IF Force-funded work onits. This
peak dclnalid ii itl i imt  Icea rd 11) part-load perlormance simulation program is described in detail in a two-vol .
or s ana l (I l l S il l ho_ I l prot i les . ~lthougIi peak dem ands nine U ,S. Army Construction Engineering Research
lutis t Isti ,iIlV he satistied . the mi sc of peak demand alone Lihoratory ((‘FRI.) draft report entitled The Building
Is ‘~,II I tci iha i l~ (l u s h  s t a c t o r \  wi ten coiisiderii ig total en- Loads ,-lna lt ’s is and Sl stemn 7/,e rmnodi ’nannes Program
ergv s’ stems. hbot hi load va r ia t ions  and part- load perI l ) -  (BL, - I S T )  Program; Volume I is the User Instructions .
urt ance great ly affect to ta l  energ~ system eftlciency. and Volume II is t h e  Program Reference Manual. 3

,ind t itus must he cor t s tder ed in the desi gn and pertor ’
niance ana lys is . I~ lie criteria for system evaluation must The secllnd step was to study several good total en-
he base d (In annual cI t eI g~ consutu ption and mini t I me e~ g~ studi es and develop a methodology for systemati-
a bil ity to hee l  peak deIIiand. Since time analysis m ust cally anal yzing candidate tota l energy systems so that
he mi iade in art limit Iv basis . itian ual calcuia lion of ’ load the opt irnuin system cont igtirat ion colild he established.
pro tiles . cqli iprt le lit pe rto rilia !Ice . and economics is too
WI tIcult and tedious to he l)ractica l . Finally, this report was prepared in order to de-

sc ribe systetnatica lly the methodology for using the
[he Iisi’ ~)I a c Iniputer progra m tm n pertorniing 131_AS 1 progratn so that the opti m um total energy con-

t hese homlu l\ pert o ri uta nce ci m lci mlations is the only teasi- tIgura t ion can be determined and energy and life-cycle

- 
1 t1,,,II:s-un, ,, i f  I),,!) Co ~ strue ion ( rileria Manu al 4270 .!. . -  . .s t ) . ( - h u l k ’, //Il ’ !Iuth/ umg I.oad, -i ,ia!i’.cis ciii! .S~ ’vtm’ ,n

if i t  i;’pJ rIlIhi’III it t ) ’ t ’uisi’ . I) Si’pleinher 1914) .  . . -r her rp ro dr ’na ttuu’ s (B!. .1 .S 77 Progr am , V(IIU1TIC I 1 - S I r liistru i --
2/ u , ,  i t ;  l i t  i c ;  fIt i i  fir Pr ’1iir~(,o,, 0/ I’I’USI/tllIt I (1(111.1 m m )  Volu m e I t  Progra,n Refi ’remu-e .-t !ammual . Drill l echni-

/ ‘ t i l l i m~ - S l i  iii - - I . rc m , it, ! I/ at Pu Fi r/ ISI S- cat Reporl ( t: - S . A rmu ‘, ( ‘ l i s i r  uci ion t- .ngineerlllc Research
h ‘ i i i  ( I t t i , ; (I Ili’ (lii. ) ‘( I I i i ’ i l r cm ’rs . I J u t y  l97~ m . ta t t ,rato ry.  1977).
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. ts ls  ca lm l~a compared wit h those o) a conventional represent iluprovemnents in the AS IIRAL methods ,
s~ stei n. h ave been included.

( ‘hiapter 2 brietly describes the t’eatures of the BLAST 2. The program emp loys its own input lamiguage .
program. Chapter 3 provides guidelines t’or using the which permits rapid input prepa ratmom i in a coi miplemeI~
programn during time performance of feasibility studies . unformatted English-like style. This language com ita m ns
aiid Chapter 4 out limies methods of using it tor detailed a library of all materials , wall and root secl iomi s , ami d
eq uipmm ient and system performance evaluations neces- their properties found in the ASIIRAI: ilaudhook of
s:mI v )‘or tina l desi gn - /tl,,,mjanut,,fals b Time user, by referr ing to t h ese  build-

ing components by nam e , is h eed f rom lhmc tedious
Scope task of inputtimig scores of numm ibers or each space or

Ibis report prov md es gimlielimies for using the B LAST building. Similarly . tIme use nt default equtpiuent ~~ -

p1 ogr :immi to pci I ~rm tm to ta l  c u d  gv - se lect ive energy , ami d torinztnce paramn eter s per m its the user It) ins c s t mga IC

h eat  p(iitip studies , -and linal design ca lculations. [he generic systems easil y and rapidly .
re pol I does h o t  provide detailed instructio ns for pm e-
paring ‘‘tputs for t h e  program: these are presented in 3. The program execUtion time is e xt re m ely hrm c t -

the BLAST User Instructions . It istead . t his report fo- making the study of many alternative concep ts relative-
cuse s on t he selection of ’ candidate s) sterns atid the in- ly inexpensive.
ter pretation of program output . with the a i m mm of optim-
izing the systen is used for comparative study and the ‘ 4. The program is 1101 proprietary and is therefo re
system finally selected for lie~d implementation. open to inspection by its users and those who are It)

rel y on the results generated.
Time methods described herein provide in part the

mme ce ss: mr y too lS for comp lying with the OCE Instruc- Simulation Capabilities
lion s . The BLAST program requires the general type ot in-

put data described in Sections 6 through 9 of the 0(’E
Instructions . i.e., .ccupancy. lighting, and equi pment

2 THE BLAST PROGRA M usage sc hedules, escr iptiohl of the building(s). system
design variables, hourl y climato logical data . d c .  Dc.
ta iled descriptions of data requirements and input pre-

General Description paration are presented in the BL.-~ST Usem Instructions.
The BLAST program is a comprehensive computer The simula%ion methods are outlined in the User In-

pr mgram for estimating hourly space heating atid cool- str uctions amid documented in detah l in the Program
ing requirements , hourly pertorniance of fan systems . Reference Manual.
:mn d thir’ hourly perfo rmna uice of a central plant . to ta l
eneu gy pkm rmt. and/or solar energy s y ste m . Figure 1 illus- In addition to calculating the space loads amid simu-
trat es t he general program flow. A part from Its corn- hating a range of air-handling systems. the BLAST pro-
prebi er ist ve mless . t his program differs in four key re- grain is capable of simulating any thermodynamically
spe cts f rom si m ilar programs t hat have been used for feasible system consisting of any or all of the following

ta l energy studme s . cent ral plant components:

- [lie BLAS1 program uses e x t r e m el y rigorous I - Diesel engine generators
and he om iled al gor ithms to compute both building loads
,i lld sys tem pert c i r in ance. Many of t he methods used 2. Gas turbine generators

are ‘,msed on t he -\ i neriea n Society of Heating. Refri—
g e T at ing, and Am r- (’ min ditioiiing Engimseers ( ASHRAE) 3. Steam turbine generators
a lgo ri t h ms:4 - 5 however . m m m a ny new al gorith m s. which

4. Centrifugal or reciprocating chillers
l!’ - ( ’.JhIr ( ’ for j ) ( ’fe r,nj nj n t ’  h eating a,m.I Cooling l oads für

I (o iupu i t ’r m_ e d  I. ners~r (~~le,ilation.c IASIIRAI- ; . l e bruary I I 
~ , Absorption chillers (both one- and two-s tage)

:t fv ,,1 - ‘j u n  ‘c S r  .Sui iuuhi t imig i/ut ’ Pm ’rJornuanee of ( ounpon.
p utt  ,ut,,I 5’ ii, pi us for  Enu-r ~ v ( ‘ahu i la t  ions . tv I- - St mec ke r , ed ,  ________________

;p, t ‘ i  \ s t I R A I  I 114 m. ~fla,id luu,k of F”undan,m ’ntals I A S h R -tI - , 19721. S
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I, h ) ’ m h le - bu mm d le  c i m ml h et s b h t s ’ . m t pm i lu i j i s )  3 USING THE BLAST PROGRAM FOR
C E N T R A L  E N E R G Y  PLANT S T U D I E S

-

~ l.b. mls ’ is

“‘ s. dar ~ Ii ,’ .i and ~i i ,iac . mi m k ss “ I s ’ u s  Procedure

-\s wit h ,muu ~ s -o , i i 1 i h m s , ed s t m s I u : s ’ c u l l m - . pi..bkmii , the
I l i e u  :um.mh i’ll, ‘i s I . i i i i s  s i i m d~ of ’ c c u i t m a h emms - ig ~ pian m s Is - pores emmgimi ~’ emlmmg

IidgIIiI_’ m t l .  ‘I mc ~~i I m s I .’sh I i i s sIc~s t u s h hi~’ h i s ~ i i lum ~t ’ .mme a
I mi ~t t im e mmn: i I  ;‘IIeIi iV st ’ I . iCe ‘i _’ lu . i~ - ‘ i s p . mp pi oa chm I I  _ . m i phmu m g e m m e m r i e c m m i i g  ud g’

m mcml i  w i th  s m I m p m m t e m  — m J c , m i a t i m m i m s  h m : r u  m i s  been ‘Iis~ cs”
IL I. mm i i i ’  ,,; ,i i ~ , m uis ~i ; s m , ’~ m i l ls  app lied I mime si nls .~t ~s’ i m 1 ra l c mm s - - \  p la m i l ” .

[h u m s tim ih m c e\~.cptiOII ui cti ~ i iis ’-sl r Ivei m imeat 
~~~~~ 

Step 1: (/ ,  . iu i ;  R~ / 111mm - /  J u i j n: l A m / i  f r  I ,, It 1 i, ie

m i d lie u p i i u u m p s  u t o g  .s Isle e mm gmn e l ie -a l . m ime progra m /!III/,/Iui~ ’ i I. s t i r  - / :  ~-

iIss ’I , , I U  ~t , im I i~~i,e .mii I t h e  ‘i\ ‘ i t C i l t ’  s!es 5umbet h in lime I ’  f i r s t  ‘ l - .’p lii PCI l IulimiIg .1 ,t .’I lt l: i! 5’ l i _ ’ i e \  plai t
t O  I l. ’,t liis ’I I ’ ’u l’t I ,j m eu ‘is’ u s m m m ! i ’ . i lfl.,\ ’t I ill i i : m mm. i l ~ ‘ii’, ‘i 1 mm d c l e m u m i m u m c  i c  s’i I ’ ’\  ds’ riam mm l, 1 mum th is ’

I- id e lie is’s i m i t u - s l  a d d i t i , u i ,mi  ! i s ’ .m t  p mliip s V ’ t s ’ i l i  s l i l l u— bii m ldiuisi / m u m ws i i  ‘i 1 i . i 5 s ’’i I b i s - hi I pri gm a m u ses
i,m t i ’ mi  s . i pa ’ . I l I t ’. N . c t hl . it lis’uis ’ i is  ‘ m ; ,icls I i i  eachm sss ’ . m u l e ’r da ta ,  u m sci -~i i 1 s j i iied us .’ pu t t i e s  omd t i m e iss’ i S

t u m p iu lm s t i l  t ’ .i.s ,I o m m dam . i l r m m m mm sr- i e r :ml u lm a mmtmI _ I ~.i m u e m s )  des .-opt i u m i i t  lime h i m i l di mmg u ; -. u i m p t m t e t u e  m a i l s  I lls’
.Oi’ ~ iCsC l i t  iii ti me mmio d~i . bm~ m it e it s em ri _ m s s _ ny o mme mt e m m e t g ~ deimmamm ds
m i me seu~ it ;‘ s I i i p i u m e m t i  pe r l tm r t t i a m i c e  p . i I . I Iu ie lcms lIt a l —

I s ~ t his IgI l Im’ . ‘,tuiii h. im i t t i i  i l  .1 ) .m u i l cu l i , I r  tmt : mm m u l : m e lu m — hl m m m m r i v  c i i uui .mt; i l -eI , ,Il d a t a  mr iii \S i i R \l ‘i .‘‘.t
e m - ’ pu bis - I  h im ’  e u t t i ’ lie u m sc r I ’  s t u m ,h i . g e u mer ic to- Re leueui c c ‘

~ 5’ . :m Ic . m s a m l . m i ; i e  i t m t i te \ . : t i i .ml I he-
ta b L’ u I e m m s  1)1:1)11 4 - I m t i g u m r a t t m m i m  l s l Is ’s ’ l  l’ C m - , t ij i h imi ,’ , mimic iu t d \ i i i i;  iilis I ,. \ ; l u r I m u l m s t u , m u m ; uI “,u \ \ j .  \ s h i ’ —

ml s’\,Ii Ii:)!, i s iu mm i ie  t im e p ie lmnm i n .m ms pim:m ’ .es ut time pr m .u ’ y u le . NL l i t  ~ ulmc ( I i  s I ts ’s mit ibi s I uii icd “ t i l e ,  \ ; l d I—
I ~ it hiu U le~~’ I p i Im ~ dehai hed s’si utpm iie mmt perto r— tiom ial s i t s ’s ammd \-‘ea r’ - ire _i ls ,m~ , mii _ m hle h u m  No \ S mu d

Iulatis s ’ pam _ n u c leu s . I ) uu i : i .  lie t iui a l  de’ iui~t i pl m .m ’ .e , de— I r u i m i  lime Sn l’ ; u e e  \ i i  \ \ C . u t l , i .i ‘ts ’ rv i c e’ i- c ; l e i , u l  .Ii.etl-
.mi led d-j t.m ca lm he 1t’s ’ !  t i  ,i’.sess U115 pert o rmna mm ce s i n ’ cies and peu s t is s’ui eags ’ sl in te d e r . m l ls  ummded smu dm e s
.iH; i Is  mli i i  i i i .ms c \ i s t  , iI l I ; iI i s i  s l l h l e r eu l l  ium.mmm iLmc u imie r s simo ui d C U l t 5 )  (‘LRL l i t  assm s h a m m ,e in obtailmiiiii t i t e  re—

quires) wea iher data - I b is ’ It I -\“ I prog raumm requm i es hIm - a t
lit . lj i i t m ’ mi I I  p-ei i u u u i i : m u m 5 c  ami:i I~ ‘is i i  var l i msis t ime wea ihmem si at :m lie com im puit e rit .e d in ii me No t t ‘‘ 144 1)

ct i tm t Igured Cs i l t l 1m l  ciis ’ i5i \ il _ i l l s  mhe IIL,-’m.Sl p to g maml i  Se rie s ’’ I ; ; n mnat .  him u ur l ‘ . ; u I i u  ra d m at ioum data  in \ O A A ’s
o tt m p i u - ’s Iu l s ’ - -.~~cie ~‘; ‘ . t s ; ’ I eac h s~ st e i r n  pt io hu se l ec ted “~S() Sei ie ’ i’ (‘lu r t mmat  call :ils;i he ISa l ss t I m time b l u r t s
iii i l l s  r - j s T s  mm ; ; 5 i ’ t i U p l i_ i d s ir ds ’ l a i m l i ca pt ha i  , i I s t ,  ws’: mt i m e r  d:i t .m
t i a i i l t u ’ tm, m mi5c  ‘it - ipeiJt i I) s ; i ’ it  - amid um ih i ty ma le

s cim e limit ’ s l i e  ill \i’s T p ~u i m t m uses t i m e  Ot ’b imie .ceie hut addit ion III the s’. c , m t t me m data . use i— s mpp tm s ’ sl lir,s’

~u i s m t m i g  imet htod , i : imm m e d mum mime 1) 1 i i i i ’ . l rm mct is mm s. prmutl ies ii s~~
_ is s ’ s - Cim t i :mimc\ , hgi t mi m m g ,  i nu i ’.5s ’ lt .uuis ’ ; mm ’

csjum p l mcu i t . ami d ium hi i t r a t i o n mumusi also he p uso is led Note
i ) ’ i a r i i l  cos t dam - a li_ i s - c ccii pi m s i s lesi  nuiI ~ as a that t hese sc ime du te s do m i t  include e uiei g v requIred for

C uuts c u l i cu t s - u.’ I I  ‘isS’IS 55111) st isl i  10 beco m e ha lni h ia m heating and eo lung ( i c ’ .. fa ts pum p. chil lers . el, ),

ss Ut i ‘ I IC ,‘~ 5Im I tlIi l ;  ti V i i  l i d  1 1 1 1  iS , I serc s/iou/cl since th e se eu icu g v  deim iam ids s s - mil be c ; i i r mp i i ied is time
i n !  e s r o ’ ;  i / u i !  i /u  Si l i la ,ir 1 will rc’,, mavm i~~/ iuI for progra m . Ses t io l t  U mt t ime OCE l n s i i i m s - i i uis o ut l i mm e s
i im ei r p : mm tme im i .m r appiic ;m i io t u prmu cedtmres for Ob t a iu l iu i i  huilditiit use data. If available.

measure d daia tro u t si tm ibm , buildings sui m ii I  be used -

b ite p i t i u e m p a l  o t i lp iut s  r u m  the I3l.AS[ progra m

~ee ( in:i pmer .~) are  I I ) i u t ; ’ r ; t I i l ~ t i t u s  o f pert inent en— Time user must :11511 s iipp ts a , u m m e— l ’ v - / i t us ’ sie ’ .er mp-
L’ m g% si e : u m , m r m d s , I 2 ) t i m e i j r u t t l i t s  eon suir mm ptmon s (a l w a y s  tion of t i te building ui huiid m uugs undcr c omm su Ic r .mt i u t u ,
d uos c r Ied l u  ‘i u m u 5  e energy I and (3 )  equmpment use This description includes basis: dala about m i me proper-

su ,; Ii~ ’ I 5  i , i scu . ige  p .nt - l ;.msi Ii mi nd  number ut h ours t ies of ’ tIme buiiding walls . l O I S  wi nsl; iwS hl i ic i i ’., e tc . .
1:11100 u ’  s ’ ,tt l u  “ m s -h piant c impon em mt l and am id a def in i t ion ;if the internal  lu ma d s amid ue lu i p e i .mul i re

i f -  ,‘vci e ~~ s s u lumm u e m l ie s , control in eac h si~~ee N ile th :mt this im m p t mt is ,- uns i d em —
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ahiv si m plified ln~ ti me : iva i labmht s of predet’ined walls , pemms ive con t rol or f ’am i svslc’mn m od u ti catt m i ti ’ . calm mm t ten
roots. floo m s . wind uws - tnat e riais. e tc  - ‘  in t Ime program si gim i l’ic a mm t i y ue d tide e i mem gv comm s mi inpI loll .
t i bu ’:urt - I lie h m i i ld mtt c ’  pL ums amid the ASIIRAE: Ilanml— 

‘f /‘11itj~ jfl~’?ifmil5 ale mit e Ilmajom sources i t t ’ inf ’or- Step 4: -S’miu late a (~ uthI ’ m ’flhlu t oo/ Centra/ I- m me r g m - I bu m  t

mu m a t i m m u l  uss ’d III u u u p m m m t i l m ~ .m bu i b ; l i i i e sls ’ s c t i pt m sui m . AU II SI. s t u d ies  ie q m m m ie mm m ve s t lu i .m l l om i  oh .i c i l s e im -

iohi :ii ce ti  I ra i  iis ’ :m I m u g  .mummi c u t  ub m umi iti: iim t 1’. :i in _ is i s liii
- ‘ ‘ , . c om imhi a r um mi cu ts i j u l  eum ’ m ’’, mi’ .~’ itt I I SI ‘.5 s le lmms its.Sli7I 2. ( S m  - I / I  - IS ! it I () / i ( u / ! l i  .5/ u~j u ~
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%Si mv m m ih~ lt q tm mr t d diii ii us, Ii u_ l i  asst nmhit,d aimd sm um ul uumf . t _ m i m msu _ mm m m m t m m  ml ss It.ui’. t~ m ‘a luahlu. mmml i m i~i I

co i led t iS t omlhm j : ted , the Ill -‘mS I pr mtuii: iIhm sim oui ld he tRil l cam i be obtammted Im ir m detthil ~ ihi cu umdmd j he II SI
- . ,. . sts t etmms ,use d hu t  ohtaihl the space l,; .mds . I lie uscm calm run tmml.

pm ogra mmm in mime de smg mm — d a~ immo de I t t  s m i m mmm i : i ic  -a seues ot 
(‘ mtu s i . i i imtu im :m i ‘.s s te t t n ’, u’.ti.t t i y s uuuisl s t u ’ t  omme oumI, m ss  ss mhii e xmmei mme t mie si emm ) sm e a t ime m c li ldmh iml m ls . I 

ut tore bmui l,’ ns  .itid c l m ihers . l ime cim m h er s a te  mi mi s ’ eu i smi t htm i i pm m t  I u m l l m m  these imm u i s sm i U u i em e im im um e t u e  
p mmi c i m a s eu l  c i e c t u i c t i s  JIld lime i ’ om ie ms .m m e ituiss emed 5hi e .mt im mg iui t i  s ut i l i m ig es t i iup lm m u ’ h l m l i me desmgi i-d. is 
pi mrc i m.m se d f missmi  ! : m e is . Dum uble-b lihidle c i m m h e m s  be a ushould he t & m l h ; t s s e l  Ins a I - s cjr smumi m l ,u t i t i m m ho p repa me 
p u m mmpst t i t a s ais mu be p:mr( of ’ a c uu tu ven tmmuuma l  55 ‘ memum ,or ‘.5 st ems slh nuia hi ;t u i  ru imis :ihl d to pnis’ is ie m m m t ; t u i n m a t m u Im

about t ime d ist m ibuti u i n m u d  m m i agnn mude mi t “p.is-e ene rgy Tim s’ omm i p ut l u s l t im t im ,’ simnu iat io t m m m t t he selected aim
5i e it ma m m d s . FI mc m nmm put tmo mmm mime pro~ l Jmm m sh~i um i,l be c. m rc- d ist mi h u i mi o n svs te Im is  provides mime hmou n i~ d emim ammd 101tu bs inspected to d eme r t t mt i m e t ime is pe om is ~~‘‘. u t  ,u mr hot w . m lcu  mu r ste : m mn . ch illed waler _ ami d e l e c t r m c i t s  i l ldistribution s~ ste ms ati d s~ ‘tel t i  /suim mm lg ss tu is im sm ib meet lig imis amid mm m is c e i l a mm e u umms e sj u u p i ne h mm , FIns o t mmp u m should
m h ie sp .m u_ e de mmi~ m ds mit us l s f 1  is ic t u i l ~ be rev iewed before se le cmi t ig time coimm pom m enms ,m,id s i /es

lit a s’ItIiVs ’ im t tuimiai piaim i sm inu la t uomi . i- s l u iph mm e m mm USC ‘.1:1-lit mnj~~ c .ms c s , hmnhs hm ug ’ . ht ’ ing s m udm e d us i u u i . m l  Ci is ’ u -  :S t i cs  ;mre pa rt i cu ia r is :usef iii tmu r e stabh s lm im mgcuu m n pom uet :mes se iecm ive e t le ug s i l l  SI I s,mlm d ls l . m ies ii,is, ’ mm m mt S I t  s u e  liv ex - mu m iu m i um e  mi te  d i s t r i b u t muu i m  mm t ’ the air sv ’ .t e um m s’he, ii u _ , i m m s h r l m s  me d I lit III 551 i r u ~~ . mlim ~ m un b pa rt i su ellen Cs d e immm m m ds . t ime prt ipcl I m um u m bem and si/C ot boih e mstitu s t ms e t ’ui m m mhe ’ .e ~.is c s s i im u _ e it pe muum i t ’  st i i d~ I the 
~m hi d ch i i le is s’ .0t In s’ sc lecm t ’d it) iums ure e l l i c iem im part-loade t t e c h ’ .  t u i  b i i ml 5 tin g .m i c i mmte ,  r u e  ii ~ e.is u_’ ci me i~~ de- pe r t um r tm m am i5e tut mi ne c e n mm j l  Chi c lC\  pia lm t .  I ii IliOshmm mam m ds. I scu s ‘ i l m utuid l.l~~e ,md~,mu i u ge It t his t c , I t i m l e  ~ , i u Cs e m m e i ’e s piam i t s . t he sel ec t ion t i a s mui g ie iargc boileru_’\ .um nm il ing des mgmm u l pmm ; i t us  om~h is b mtmi d h mm g o r iei t m:ui iOml , 

c h ibe m sviil misuj U~ : u _’su lh mm poor ~‘ icmc t uu_s  hecausegliss ire-a . ‘~ aU and u ; I;nI u_ , i uus t i i i ellm ) lm . space usage amid ot ’ re drmced cml nm p m uui e mn! e t i i c ie t t cv  under part load.lemnpera tumre com itro i . :mn d t ime use i t  shtad ing uuv e rh a ut gs
I t  Im lm tmm lniLe tIme sp ;mce etie r~zs de imm a m i ds , Frequemm tl y. tim e (dven that  several su nm:mh ier bom iers amid cim iile rs Ire se
increased d m u s i s .  if a r/s . ol ene rg~ -dII n S e h V i l i V e  bum id mu m it l e cm ed . ilu t w t u pt imm i _ m i time c l i t uset i c en m rai Cf l eI 15 plant
design c:un he offset In~ re duced c u st s of ’ sm im a ller hmea timmg co hmf lgtirah i m m i i~ ca lm he cs t .uh ilsiu ed bs uc v i ess  t u g  mhe
ami d dm)oiih mg systemn s. Even 1mm mime c,ise of ’ e\i stmn g build- ou tp rmm of a 111 55’! si m iiui a ti omm of h u e  piam mm .\g ai mm .
It mgs , r e t u l m f i t  o p t m l l u ms  su ch as adding iui s u l,muuoim . u u i ’ i t a i- equ ipt m men l tise ‘ . tat l’.tm c s provide s- a lnmahi e inforniat iomi
huig st u l rum w i mmd tss s .m t i d s lm ,idl ng de v i u_e ’,. redi is ir nut mm m fl l- or cmn mt igm m r im ng a tnore et ’f icieu tt centrai e t leug ~ plan m.
t , , i t m omm , or m mimu d I t ~~I lmg img hmt iu i ~ lmij ds at id ‘.p.lue teunpera- For exa mm i phe.  if lime si m mitm iation out pum im m d ic : mi e s that
l u r e  sontrol  s lm ; i l u ! ’ I  he ‘\ ut ihu med .ms uum eihuds for ini mmi- peak demmmammd is inucim iowe n than time summit of time corn-
11,/i u u g  the sp.imc cute ,  es m ie mm mj nd.  ponent capacit ies . m imen s i mma ber or t~ wer comm iponemims

sh ould be selected. If time peak demm ma mmd mna tc lu e s the
Step 3 Smu t/a te ‘ h r  Dis ( r , / ummi iunm .S m ’ ,ste ’,ns c:mpac itv but the average part-lit -ad rat  ~li is sumal l . thm emm

Whemi the peak jmm d hourly space emiergy demn’ands la rge comn ponemm ts simould he ep iaced wi th several smmial-
im,ive beemm d e t er mm mui me d . atr- lI,l ndiut ig s~ st ern s for t he iei comn puneults ‘ “ml te l  n ’ mtei y . therma l cr terg ) storage
h im ild u m isi ‘ml uuii i id h5- smuimulated to deter m nmm ie energy de— (im tm t or coich I can he used im) red u ce peak demnand amid
u m m a n m ds mlii t i m s ’ cem m tr . i l  e m mer mi v p i. mu ut  - It’ tIme t u iidmngs are permit the selectiom i of smaller comnpom lemm l s
stu b mum id er m icsi miui ,  ‘ .evc ra i  sh f l e i e m m t  aur — i m a mmd hum mg sys t e m s
.bio im ld he e s a i t mum med m l  d et u _’ r im m mm m e w imic li sy s temm m s wi ll Severai i ter ; mt i umums t hm ro u mg hm tIme centrai energy plant
mm ccl time space deim m au ids mnos h c I t  uc ien tly In Inamly ap- si m ulation piIuuc’ss mmmay he required to arrive at a mie;n~plue at iou~s . va ru , ml ;j e or su m l mmimme svs t e i m ls produce ti me hesm optimai com ifiguir ation. ‘Fimis is an imnp ortant step. su mm ce
c s l i i h s . siuu1 e t i iev reduce ta n cmuer gy cI)nsu mnphiorm amid comnparisoiis hetweemm c m mmmveum h io nal amid - rh-  ‘SI pianIs

mninlhimI/ e y emtm u l a hmml mm air heat m umg and cooling reqti ire - wiii he valid omii y if  t h e  ce m m ms-e nt iona i piam it is properl y
InCil Is . In t Ime case ut e x I s T  ~t lC h~m m tm l t t u c ’ s , re la t ive i y i i m e x -  contl gured .
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‘u / t ’p ,)- ‘uI . ’ lm Im i ,t ! ’ a !) me ’,sej I: ’l lu ,’Iiim ’ (;u ’uue ’rati,r hul a) /:‘,z- ca p is ’ i tm s ’s utm ay he o h maimm ed by s ’ mimsmu ms ’ l I u mg h u t ’ u esp e5 -
. 1 1,1’ P/uüi! live c lu i h iem c m u e l l m s i e i i h s  ml t us ’ u t u u i m i a u m s t ’ .u mmd mim e talme m ot

5 Its ’se i eumgult ’ gs ’ lis ’ i : mt sun  Im l t ;if euleFg ~ p hal l I ss ub ;ii— power productuoti to avai lahi e S m _ s i c  lmc . mt  f u l l  t ime dt ’ ,-s s ’l
111,1st , u isv . m5s inc iii ~’ i t i ; u s l  cl ’t’i cieu m t ms’ p m ’ av a i lable for  emm gine.

s t I I l S i u I C i j t i O i t  antI is u i l t C  i l _ u t  i t mi u st be si m ulated ac

~m ’ u dim ug t I  lime ()( I I ims t r u~- I m o ms Fhe proced mure for de- Stm ’~u ó: .ciinulaie u/ (,aS 1 h r/ lI lt (It i t t  ‘ra t ur / i t o / I -  u m m ’rgl ’
Is ’ rm mui mm imig the Ins ’ s) stiesel pi. ium t s- Itumli g um ~m t Iuuli is sinmil -al’ P/amti

t bn , mt s l s’ i ,- r i hu_’m,l , ub m tu ve f u u r  s’ u m muveh i t u lu mm ai  svsmel m ms , TIme ‘mithough less e l l idmei l l . ga - i u ml i m i i ~ gemmera t m i l s i l l _ i s

i u i . i t ui r tme sv t :m c t t t rs  w h m u c i m lu t iSt t i unw  be cl itm s ide red are h ave cert a ium cosm zi dv a um I_ iC es over d mesc i e im g i t m c  Ce i lel  a-
lie nurnml t , ’i ami d site of dies,’ I cuign ie gc rmeI .mil l is to be to rs and umiust . t ime el ‘re , be consmuered ni a ii si

use d amid time appi mupria le mmmx ut z uhs or phiomm amid elcetr i -  sttidy. I lie procedure for se l ec t u i i g  a gom,d gas turbine

~ah chu ile: C.mn ~aeilles . geulerator plant fo ilosm s exa c mly m hai ss hic im ss ms out-
lined for a diesel plant. I hu ms , the results ot time diese l

II l;c g mmm m lie det ’iimi T i ;  ui il a s- :u mmd isI a le diesel syst c in. plam m t sihum ulat ions ca um pius - m i s - a gouti p011th of depar-
tine C)s’ 5’ i’ is :ml aut si therm i ai energy der imand s umm mh mmar i es tum ’e for simn ulat im ug a ga’. turbi us ’ 5) stein .
li on mime com iventiomm al s\ ’s t eun s iu l m ula t im u m sh ould he re —
vue~~ed h i there is a s’ sti lti: m uO U di\ h ig h t ime rm mm a i energy Step 7: _S ’imnu/aie ’ Sie’anm ‘I tirbi,mc .\l ’ ,itm ’uu u ,i

require t i men h for put pimses muher t i iamm coo hm mg (as iii a While Sie d im i turbimme gene ratimm g pianis are generally
Ilu Spi a) . Ii e x.uhi ip !s’l . th en _ il ns ;rp hiohm s’ooliimg ~mtay mnore e f f i c i e m m m  titan gas t i lu i t in e t h i s . thes ’ imavm u hummi t—
n u t  he desum . mh ie . flue ilrst camidid am e 5) slew would ed small-scale app li cability due lo imi gim c a pu ta l  amid
t i m e ic  Ilie csui us ms t  ul several diesel eml giume gemmerators mna ummte hma n ce cu Is t s  amid hummit ed equiprnemm t. ava ii-abihty.
(wi l l : utc , i t  Is ’5, 5s ’r\ I ammd time sammm e mmm i x ui l  various bo il— In ummarg immal ca se s , nIle s un mul a l:o um ut a st e:i t tl hurhine
er ,m tt d cl uhbci ’ Si/ es as it the nts ’ d r - u r pt iuilal eom ivemmtiom mai genemator plant will urulm .mllv be s u l i l e ue m > t  to indicate
~\ s me mmm , whct lmer sucim phi m mi s sii’serve detailed study. I I mime re-

su im s are }‘)u)S l his -C f r i  lul atm cii,’ I CV or s’com mum lml c V ICSS -
Sct ec t uomm n t  t he s i t i _ m l les t  u,is ’ us ’ i mme i m l ot ’ dlese i gcmm e r_ m . point, lime opt imn u mm r i co h mfi gural iom m ~mn be est : m l ’ lusluu _- l  as

‘ I  c:i p ac m l \  is a b at ter m if j udgmmm en t ami d iimeiud~s coin’ pre lIm L is lv desc ribed.
. I t : t l i u i t ’ re hi ahui mt :us web as part .ioad pianl per-

i n  i tm: m ul se - S Ii 1st s’St l mm nat e - t ime co I lVeIm 11511/al p l amm I Step -~~
‘ ,S’E uui u i / a tu ’ .Su ls eru t ~ I: nergt ’ au~ l h uf , j l  I- u me ’rgv

em eres  eut i l summ m p Imt lm m data t mma y be reviewed and time Si-s tems f l i t / i  / i t  I I or t/iui’m ’ /‘./l mlt/ti l i/ Id
rusr,; , - Is ’ tu t , u i m d if i is~ :i i , iutt h st, m u l i  mime lowe st  electrical lime s i t ud~ III se lec t iv e  eu nei gs ss s tem i m s and total  cii-

s ’ nI m l ’ l ; l l i i i iom m 111.11 be us ed as t lu e ‘ . ; u t , u l le s t  si/c immcre- c’ u ’ gs svslemmis w mIll l S S u i  ut tnore c i tg m i me gsmeu , ih t u t  t y pes
ums ’ u u It im1:i~ hc iu ls .t lIhag eouS from i m an opu.’ ratio m m atud (a mnLx lIt ira’. and ,s t ea l n hu r l ’ i m me g c t i c t : ; t i u s  b r  exammi —

mi , u i , , l eh i ,mun :u _’ s u - m u i l p .i iri t I t t  ‘is’lc . I ss ’ Ss ’ r :mI us lc ntmc a i die- pie) introduces tt m:u, i s ru ss du.’’iigun sar iah i es aui s i
del engi n e neus ’ r . n t ’ i r ’. I Ime u u i t i u i h e m  Ill ge i le u’ at s i rs  c - aim eti larges tIme mmummmb eu of ‘suss mith ‘l imit s’ut u l lgum at lo m m s .
t i tus he cst. ib i i s i t c . l  is  i’ e b cn r im l g  u t l t s ’ peak electrical Ib mu s, the ‘.~ s t C i 1 , I t i C  dete i lmI tm ’u:mh iomm cu t ‘‘optumnal’
-. t cm t m:m i ,i g is e i t  as . umu t p u t  iuo mn t ime co t , s c umt i omm a i  plant ‘is s te m s heu_ ’ uutm e s ttmuc i m immu re d i h i is -u lt ,
511 mm tILl him in -

Selective e lmeu gs ss stemi m s ame usual ! ) comm tIgured in
55 lien tIme mm um mn bs ’ m at i d ‘I/s’s ut c u u : i u p u m n t e i i ls  for this h O C  of tss II W~~) s  ( I  by ll 5msc ’ i u m a l i u i g  the s,_’le c hi s ’ s’ cmi-

ii, 5 m c , m im d m l. . i :c ‘.5 s ie ’m u hi _ mv ,’ SC u m sel s ’s’ t e d, time piaiit s’ igs phi um h am md IiIs - ;’ u : : e p ,t k ehc s :hm ls .u l  is sm it h p u m—
slit 1 I lie ‘ . i mm i , u i .u :e .L  \ C .u t l m , h~ t t ~ t co mt hug imra t i o i i s  can chise l u h i l u tuc s . ui 2 )  n v Imm et ’t m mu g all or p a u t  ut t ime
he scic , i~ d P :es e’-s wig -.‘ i t e t m ) s cohi ’ . lmi i lpuiolm ahid base e leem rm c ; mi load sm mt h m p u t u_ I I .tss ’d pmnwi ’i am u s i m mmccl-
lllu p m t m etu t  usc s t , u ! i s t l s ’ S t r m mmi t  mi te shmmmumi a ln , uI , hi me umu hi m— mug peak load sm t i m Ilue sel ec t ivu ’ em m u_- u gv plamm t .  T Ime f irst

be t a n :  si zes nt diese l g cu lera iuu u s can be adjuste d It> o pm lmui m will pmoI i ImL ’e mime t mm , m ’ t u’ t i i s l c i m t  se lective eume lgs
ac hiese . p t t uu m i i  aSe t  .1Cc lb .; I; ;a J i l icm , m t u i g ratios as svas piaium u l pe rat i ml n hut mmm a\ lIt’ 111 .1  c c p t u b le 1) time local
dm > mm e fum i  c l im bers in mime ~ t uu v eu t t i u i : u i ‘.~ 

s ns ’ t u m ,  It t ime out— ut i l i ty. Several s u i l m Ul ,mhi ; u ns ti this u_ um u t t i gml ra tu o n  Sihould
limit fr t i mmm mime ursI , m : u d u ; l , i t e  ~s ~i c tum sinmulmition shows he per fo r m ed um s luu ~ sui.m ile u t I  t ews ’r diesel , gas tur bin e ,
i mletlu q~u u n i t i e s  ~ I u i u t cs - ;ls et esl  s v, ls le  heat, particularl y or stea m generators t lua t n w eie used previously in sim m~u-
iii um uuii ths ss ‘ r , ’ I - c uu t u im uig  dc i i l .ul mds occur . th en a new lati img total energy pla us t s . W h en t h e s e  suinuiarions are
pl:uuil Siml uli l d be 5 u i i t g i u i e i w i lus h humdiu de s a ritix oi ab— perforhned , the total chilling cap ac ity will h o t  cimange ,
‘ ,r p t m m t m m  in t el e iecu ’ mca by dr iven , chi be,s . ,\ t i r s t  est inlate hut the ratio 0 uh sor p t io m m b u l  e lectr is - al chi l l immg s’apmci -

ik’ ’~i ta b le i i l l  u i  _ mh urpt tol m to electr ical chiller ty will he reduced .
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also he co umt iguuis ’d mul Ineem .11 ls’asi a suuia hi f rac t t m mi of mmi’am mcc iminve beemt ds’ ucl uimii med . I —year ceum t i - al  plaint sum—
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cm u~ m mu e i s pes us l ismua h l s ec o uuu u u lmuc s ra llier iham m p l a u t h Ii~ R I \ S f  - m he re us l m t m ie  p111111 iii s ii u mu ml amium g ss s t e mmms
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s’ u iCi  CS buIl d m m i ta l  emleu g ) pi:lml t s Sm III isv ; ’  u l i  immure u,’ I l i / i l iu.’

my pes . t ime 13 L.-\ST progra mum is s t i l l  is elm m l y m mmcx pemm sI v e
ami d c,ls\ 1 m m ruse t t u  pem tmii t  t h e  s i u mm ui i a mm u um i  it Imlai l camm - -~T Icu  s’ i m i u ui situg t i le besm s’a uis tid imhe total  emmergy mu se
dId_ l Ie si sIs ’nnu s  l b s  emt m uu h me l . I t lm ’e  .mp pr mu ac l i  mmi i  p~’ m umumt  le~ h i s e  c nem~y s ‘is s i e u m i  :mim d slecudimug to  prume eed s m ’ umii de-

u s ’ user tu t esta b li sh h uf ’e— cv s’he dm 15 1 n u s ’ t m m ls f mi m m u u u u u t i s  sI g h , th e ;h~’slgmm e ti gmi ~eei u _ b u l l  misc the RI ~\ S l  pu hbg m ; m l mu
ss ’ls’s’ lmvu ’ ,‘ u ls ’ l t t \  , ml lmi n i l  ;‘ i I s ’ i I ’ m  uS ‘ . t u ’ I i I s  i n . t s ’ une t Sm ’t t u b  pe’l t ; t t l t i  l I lbI ns t i i  ih u_’ i u s ’u_’s’ss ,ul\ s _ u i ;  i i i a l m i t m m s  is ’ u I u ImlCu i
h i m mO m s ’ ‘ ‘ l I t / Inn ’  is Its ’s mi ld  th us .11115 ’ S’ .11 .1 mis ’ a m — m u p l t i u u l i i m  III r lm ~- t m u m , m t uiu ’s u gum j l m u b m e s s  I lit’ i l m i t i t ,’llI:il i t m t f m ,’I; ’l ust ’ ill

lu l l  I gil i _ i t  11) 11. Rigti ru uuus u_ u b u u mpumem e u p tu  mu /a lb um m u met l i— .h j i 1nls Ill l ime ~ uu 5 1 , 1 m m lu l l  ;ht ’sigi m s’: ic i i ia imof l s  I :mt lms ’ m
un ds are 5’ i u i ue i i t iv ummd e r de m’ chu pum metm l b u t . imi t ime mmear m l i a mm i u m r t e . t s u h m l u t s  s tud ies us t i m :m t s pec i l t s ’ . u a i h me i thmamm
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hal s’t teI m ! v ce lmtr ai  ss smet tms hm av iuus t s 5 u t  It immore emu gm l u s ’ 5 1 , 1 s t  of ’ t h e  ules itt l l  s’ , i i u .ml u les for II’, ‘ SI: s\ s teum s  li -ave
bypes . bee mt rmbuu zhmls’ esmabhs i mesh dlm r l mm g tine sllidy of 55 stemm i

fou si in ihi ts - Thi n s . IhIe s i /u.’ , nuummh c r , aum d mvpc of genera-
S’it ’/) V I mi ’ tile’ ,S ’j / I t l i I i j t j u) I I  1,1 - s i t / t i  to ka,tI~ (am zu/iuia te’ Ii urs bIll m l ul t ime r eoiml pum mteli Is sfm ou id m b )  he c hm: m m mged radu—
.SI ’ mtu ’uiiS ca lls durim uir t ime I mm - a l ; ic s igmm pimase . ‘rime equmpm mme ri t per—

Rs’;’:l hhili/ I lm at  l i f e— cs e ls’ c h us l  d l l l ump l l ta t i hm m m is p:lrt of l t l r n l : bm us ’e p: ur:mm net ems sil u uliis h In s’ unodified , h owever, Iii
e.u5 ’ lm III 55 I s i umumul .ml iu l lm , it us Imulsv p its nu i hie i t  raui k mt ,uc hi s lm mm lb ia l e  111 115 ’ accuu m : i l e iv t i le d i f f c remtc es  am m mo m mg coin—
s , m l m s l l e h _ u t s ’ ss s i s ’ um i ,ms ’ s ’ u h um i l n g  h ut  its ulve lai l  c i f i c iem i s ’) :uu m u ,t phm ne ul ts  mum :u mum f:ms ’Iuu ed Ins dif ’f’eretmt coun p:mmiles.
te’p.mi iie ls .l;’ t ’ u l m ; l l l i i/ mo I t s  hu t e .~’ 5ehe u_ l is t  (~- uhInpareui Iii
b o m fm t ’ , l t t ’ s h I  t i l e ’ s’oui v e um iu tu nab ‘5 sls ’ui), I i m i s ma i mk m um g ‘ I’hm ’ L’m iu :lI um l m ls mused nm si t m mu i .m tun g t ime pe mt u ur nia nee
w m ll f,ms ’ m i m t . u I m ’ mime .ipp l uc : u tm i i i i  u I  f e .msib u l i ty  s ’ r l i s’ l i , b  :muid mi t  eui ummp ui mm e mmts ill i3l,AST are ustua hiv exp iess e i l bis pro-

l i i i ) ,s ’ ls ’ s ’ l b u t I l  u t h  l l iu ’ 55 s t e i t u ui be mms esi l u l l  f i l ia l  de — shut- Is u t qu: u u i i i t u cs  mun istii~’ mummm mm m:ds m > t ,m s imugle varia ble:

‘li _ il t i l e m c l ; u re , l Ime es i l im p l im el l l  pem ’ f u mr i mmamm s ’e u_’ oe f t i c iemmt S c -a im
Iiu ’ u hs ’ f s ’i limlils ’ui h is s l i tm i l ie hllls ’.tt llii ensIu lul. i l  ch ive f i m h u m m g s .

Suggestions for Eff ectively Using BLAST l im i t  ms i r a i t i c m u l : m i l y s u l m i V t ’ I i Is ’ iII , Slits ’ s’ 1111151 mn: u m t i m l a s t u m ’

~~
-. t h i s ’ p u s s ;  ‘ , i s I s ’  u icts ’ rt he d Im mut s ’ s’ d u m le  i t md is ’ ,ul es , lime c it p lu .’se lut the dam: m mil l  cbu l lm p m l m meml t  pci t t ) r i l m :mu i s ’e Is OflC —

RI -55 I p l u ) h zl .m lmu Is s ’ \ t rt’ nImt .’l) i m ss ’ i — u u r mc nt ed.  1mm t u  i m mi — dimm i emmsuomm ~u h c r u i se s mu tahies sm hs’ m e :m il va mi. ih is’’. except
imne are tixed, Imi the u_’ase of a dues c i e mmgm ui e , for ex :umum-

SIm ’eu lu ll )t u ’ uk ui,’ iu u , uu iuts . pie I lie tml ih l l w mmlg e q um b it iomms :mrc ni ts ’d
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..‘ ls’u_’ IIi,.’ s’ i us ’uii \ - t iu l p u mi  tus ~i e lle ilt s u m mpub = e’tCs ’ i u m u . m I tumi d p_ i ll I ; ,t ; i Ij i l u ,

‘~ 
+ ‘ P[.R + A y PI_ R2 (E q l J  u s ’ um s’ r , i l ; uu ,b t n . u ’  ins

sm Iis u~ Pt R is piiib ’ lu l .ls l tahiti , :tmm d -\~ -\ , and 5 Time f u lh l lusmi umg ex m muip le i l l t m s i i j l e s  t ime  h n t; ss’Jur5’ t I m

arc es l u impummem i t 115’ ‘ t i n  l i i . un iu_ ’ u_’ p :ur a m um e le is gemi e rilt umug equlpmius ’ h i t  ps’ u t ;  i i  um ,I i Is ; ’ s u is ’ i l i u _ i s ’ u i t s  ‘fl a
spc~iiic diese l eu mg imu c gemue l a iw

ts’s- uls s’r ,u lnl e 1ac ket he_ I l tuiei em le ig s bmmput

B 1 + B~ \ PLI( +I3~ ‘~ PLR2 (E q 
Exarnp le :

- — I lie d t ii f u l l  a it  ii - k SS ehuit ls’ l mb duc s c l c m ig l m ie mueu me I-

55 here B 1 - B2 - aut d 133 ,ire es h ib upum l e m m I pci hu n IlI,lti, ~ 
atom I/resemble d mi I aPis’ 1 mm etc obtammmed [ruin time

p:t r,i umme lets Imm a m l U f imet mire i

e e ; i me t , t b le hmhe t m t h t i e - a t  ‘ I n c h eI le rgs iuipuil = 
A l f t , t m  time ml m au m uf j s l m i l eu

( i u_ x I’I.R + t ;  .‘. PLR2 (E q -‘1 luhs’ ime :u t 4 131u,’ l mi lmm ) -4 i m um u s e pmuwer

st :is ’ i e  U 1 . (‘~ - ,umm d Ci ~iic es lub b pummei l t  pe rformm na mmce fuel col ms uIhlpt iol m I i3 t uu utum im I = 1 . 1  lex hm a usm lie-at
.Ii .10k t u _  I s , + jacke m h eat + luhe hue - at + aux lie-at 1- mm’ u u r k )

b m u t a l  e \ h u . m i m s t  hic ’at h i d  e ilergs m um pumt = TIme first step iii ds’t e r mmmimiin g tIme equipm ent pertor-

+ 1)-’ “ PLR + 1)3 X P[,R2 [Eq 4] nmance coeff icie m mts is musuall y h u m d e mermtm um m e A t . ;\~ - -amid
A 3 mit Eq 1. hlow cv s ’i . hc sa imsc u I  t Ime sma y these data

ss Iiu _ ’tC D 1 - I)~ , ami d 1)3 i nc equip m mmel mt perfmm rnmance are presented , fue l eo mmsummmptm ub mm ca m m mm o t he deter umn ined
Ii n e t e i s  directly, and t h e  sev u_’ n. u l ca icu la l mu l mm s required svihi pro-

v ide data fu n e omm i putum lg time m~t iiet s ; u , ’ l i is ’ i en i bs  fu r s b  -

cx b i . i , us n  gas te r m ipena n mr c inch eu le ig s iuipubl =

E~ I’I,R + 1- ~ PLR2 Step I . l) etermmmim me exhaust gas temmup e rature. Although
the exh aust gas lehumpcra lure is 111)1 gIven, it c-aim be de-

:mh ,~~;’ i~ - I’ aims 1 I ‘~~ :ine es im ll p lmmem lu perf i mrmmmamm e e ~eimi’imned ~rrmnm the [ouloss iiug equammu uu ms .

p. mm . mtm i e l ers ,
tota l exim:uust gas Imeat at ~10°I- = mm c p 4 1 1- 00)

I lIe diesel geulen a t  ii ummsude l rises time mu mput electrical
I i ,u .l .uuiu i c ’ n m u _’ t t lc gemmera ms ur s i /C t ; i  commmpute part-load recovera ble exhaust gas lie-at of

l a b u n ’  (Pt RI, h’ s~ I us nh le m l used t n  s’ th lum p umn e f i lch eumergy ,bXl ‘ I = hi m c~ fT 1 ,~(lh l
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i .uskct ,n n i , I  ru ne , u u l  h eal , Flui d ly,  i’~~s -1 .imis l S .ire umse d SSi me !s ’ imm Is mime u_ ’x hi a iu s t  gas uui, iss iliusS r , im e , c~ us t h e

ss i t li iite I ‘ I , i s t t ~~- ,uie .u l ; I ; idi isu t I m  t he exh iau sm gas heat ex i maust  gas spc~i i l5 Imea m . amid I I. Is time e \hu,lu sl gas
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‘I lie leim s t i ls ’’. uI Ihs’ eu l l i atuomi s i tu di can c time ummaumufa c tur—
ers _ l i I S s ’s lIt m.ih n let t u m t  nini st  us ~ l lb l a b mm e d f ’mir diesel At  let divud’imi~ orme eq u— atm on m in) tim e u; I i ls ’ r it~~d rc a n m :i m u-

s’ l l S / i i i s ’ Cs n e t, mI ;u ls I t i  Ic 105 ’ the eqil ipumielil pertorm namice gmg

p am.I I umem e ’ n s \ ; t t e  t haI , b nl b } nls ’ m ua m mst l ln mm ma t uo m ms ium time — 
91 1 lrs’c; u v s’r .tlili ’ es l n a t is u e,us 115am ,b l 31111 I

_____ —-

liii Ill ; 1 t h e  uba umt u?a e tu re r % .u iv i ’s um ma y he resluired. For 
- recoverable exhma us l .‘,ut ut 311th I

exa ln pic . lime hal t is - s h i u mt es l tu l  d e termumimue A t A ’ . an d 31)0 lIotal exhausl ~ us heal at g 1 1 j u

\~ ‘ I i  Eq I n umirh i  t he pre,se mmte d in time tornm n u t  t ’ue i tu unal exhaust gas hemm u at oil’ F
u_ ;n i ’ . u~ m m m p m l m i i m  ss ’i s i m s  km l muw ahl  chect i ic a i  load. 1m m t h is
c i s c ,  lime t i , m l i s I , i i H I . h i l ; i I I  u . .’ it i , t n c ’ ;I ~ 

At 100 perce umt load . fm m m ex a um mp le

lilt ’, u n t i l  1 , 1 1  1k i Cfld UI T 
90 (1 Th50) 300 ( 31  9p0) 5 5,~ F

1 ti-I ‘ rn ’ . i n n~u~ m n  i i lu.’, l l  . ,t l i n , ’u n u 0 t ’ i m t ’ I b  
— 

luch energy input 17(m50 3111(10

t ’ r ,u pre v en m cont ’ummtt u m . St t’u i u uu i ,m tu ’ n u is  ire’ uiui u’;i t I n tu tu
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