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Chapter I

INTRODUCTION

Operation of a high energy pulsed laser presents problems of acoustics
and thermodynamics owing to the generation of shock waves and a heated gas
slug which are a result of sudden energy deposition and wave interaction é
with other laser components. In addition, other transient problems of
fluid dynamics and thermodynamics are involved during the start-up of a
high energy laser gas circulator from a room temperature, zero flow initial
condition until the establishment of steady flow conditions for a sustained

repetitive pulsed operation. These start up transients are characteristic

of all high energy gas laser systems, both pulsed and cw, and both open

and closed cycle to varying degrees. The main purpose of this project is

to invéstigate transient fluid and thermal characteristics of high energy
pulsed laser operations and to develop methods of reducing or eliminating

the acoustic and thermal problems detrimental to the laser beam quality.

In this technical direction, a program was initiated at the Army Missile
Command to design, fabricate and test a unique small scale closed cycle

gas circulator for repetitively pulsed electric discharge lasers to establish
a technology data base for understanding the laser operation. Technical
issues relating to operating such a system will be identified and methods

of solving these technical problems may be developed and tested. The cir-
culator, with a 28,000 rpm compressor, operates at 200 - 300 °k and 0.8 -

1.2 atm pressure. Complementing this Army effort, the UAH project was planned:
to develope computer programs modeling the recirculating gas flows in pulsed

laser operation including steady and unsteady cases; to perform theoretical
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analysis of the unstable resonator with tilted spherical mirrors; to conduct
an experimental investigation of transient fluid and thermal characteristics

of the recirculating flow assaciated with the pulsed laser operation using

a subscale circulator; and to experimentally determine the effects of mufflers,

screen packs and honeycombs on acoustic and thermal waves propagated in the
recirculating flow.

Some of these efforts are improvements and modifications of the efforts
noted in the previous year's report. Results of this project are useful
as a technical guide for the development of the Army Closed Cycle Circulator
as well as of direct interest to those concerned with all types of pulsed
laser systems.

Contributions to this report were made by: G. R, Karr in Chapter IV;
J. F. Perkins in Chapter V; David Walker in Chapter III; W. Dahm in Chapter

II, under general technical direction of C. C. Shih,




b i s e " ot s i i b saite B s L st o D i

e - - - — T W T gy T R e T S

Chapter II

EXPERIMENTAL ANALYSIS OF SUBSCALE CLOSED CYCLE
LASER GAS CIRCULATOR

The closed cycle gas circulator used in this study was designed for
use with the MICOM single pulse e-beam controlled CO2 laser. It was ori-
ginally developed to initiate an experimental investigation on the transient
flow and heating problems characteristic of high average power pulsed laser
operation in closed cycle systems. The effort reported herein is an ex-
tension of the work performed in the year 1976-77 that includes design im-~
provements in the cavity section and two perforation type mufflers and two
sizes of screen packs.

A. Experimental Apparatus Description

1. Recirculating Flow System
The recirculation system consisted of a blower, poly vinyl
chloride (PVC) piping, mounting flanges for attachment to the e-beam laser,
an e-beam mask, and a plastic structure which was mounted inside the laser
cavity. The .aser was made by Systems Science and Software (S3). A sche-
matic of the system attached to the S3 laser is given in Figure 1. The
flow through the cavity region is from right to left in that figure.
a. Blower Specifications
The blower is a Dayton Model 4C108 with a 10 5/8'" wheel.
The inlet is 6%" in diameter. The outlet is 2%" square. The outside of
the blower casing is approximately 13" in diameter.

The motor is connected directly to the blower wheel. The motor is

a 1 hp Dayton Model 6K232 operated at 3450 rpm.

3
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b. PVC Piping
The majority of the piping consisted of 3109662 'Certain-
Teed Plastics'" 4" PVC 1120 Schedule 40 220 psi Astmd-2665. This pipe has
4" ID and 4%" OD. The 90° turns were achieved using standard PVC fittings
which have a 4" radius of curvature along the center line of the 90° bend.
A number of couplings were employed throughout the path length to accommo-
date assembly, disassembly, and modification during the testing.
Also shown in Figure 1 is a cross-over or by-pass pipe with valve.

This pipe was J24G264 1" PVC 1120 Schedule 80 630 psi at 73°F ASTMD 1785.

The pipe was 1" ID and 1%'" OD and was attached to the 4" PVC through a
standard 4" to 2" tee with a reducer used to bring the size down to 1".
A 1" gate valve was used in the 1" line.
c. Dimensions
The piping dimensions are shown in Figure 2 in centimeters.

Total path length around the &' circuit is approximately 1140 cm (37 ft.).

d. Flanges
Special flanges had to be constructed in order tc attach
the PVC pipe to the blower and to the S3 laser. For the blower attach-

ment, a 6" to 4" reducer was used on the inlet side and an aluminum piece

was machined to go from the square to the circular cross-section.
The flanges for attachment to the S3 were constructed from alum-
inum consisting of 4%'" diameter holes with suitable bolt circle and o-
ring groove.
e. E-beam Mask

4
For this test series, an E-beam mask of 45 cm by 10 cm %
4

(height) was used with an improved method of base line gas flow and leak
control using simple structural changes with taping and caulking with

silicone glue.

e
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f. Cavity Structure
The cavity structure serves to box in the discharge region
in the vertical and longitudinal directions and also to provide a support
for the PVC pipe. Since the wave distortions discovered in the previous
tests were determined to be attributed to pressure leaks from the structure,
a special caution was applied for sealing the cavity structure in contact
with the sustainer electrode as well as the 45 cm E-beam mask. A sketch

of the cavity structure is shown in Figure 3.

2. Mufflers

A horn—coupled muffler and a cannister type muffler was
designed, constructed and tested on the acoustic test bench and then in
the circulator. Detailed dimensions of the mufflers are shown in Figures
4 and 5 , respectively. On the acoustic test bench, each muffler was
subjected to sound waves of fixed frequencies ranging from 100 HZ to 110
KHZ for determining its effectiveness as an acoustic attenuator. The
test setup shown in Figure 6 provides the means of using the same acoustic
source for pipe sections with and without the muffler of interest. This
will prevent any nonuniformity in wave characteristics from two different
sound sources even though the indicator shows that they are the same.
This setup also allows for the monitoring of the input to the svstem since
the input wave form is also put on the oscilloscope. Thus, any drift in
the amplifiers can be corrected during the experiment. Results of a-
coustic bench tests for both horn-couples and cannister mufflers are pre-
sented in Figure 7 . Both muffleis were found to perform well in the low

frequency region with peak d, difference of 20 to 30. The horn-coupled

B

muffler shows a flatter response in the low frequency region than the

7

g - - : ek

SPORABA e W 5

e




ACTIVE REGION

4" PVC
SIDE VIEW
SUSTAINER ELECTRODE CAVITY STRUCTURE
s3 LASER
HOUSING \

Vertical supports
O used with 100cm

opening.
L\\__,// s3 e-beam attaches

& to this face.

END VIEW

FIGURE 3.

SKETCH OF CAVITY STRUCTURE AND INSTALLATION INSIDE THE
s3 LASER HOUSING.
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Curved pieces constructed of 4" pVC piping,
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and end pieces constructed of %" plexiglass.
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cannister type. The cannister muffler shows an effective damping at the
400 HZ point. Above 2000 HZ, neither muffler shows significant muffling
characteristics. B & K test equipment was used on the acoustic test bench

for the acoustic measurement.

3. Screen Packs
The use of screen packs has been accepted as one of the most
common methods of conditioning or suppressing the level of turbulence in
a confined fluid stream such as a wind tunnel test section. At the sug-
gestion of Poseidon Research, two screen mesh sizes (60 mesh per inch
with 0.004 in. wire size at 557% open area; 34 mesh per inch with 0.0065
in. wire size at 557 open area) shown in Figure 8 were tested on the
acoustic test bench in the same fashion as the mufflers. The screen packs
were constructed using two sheets of screen at two spacings, 203 mm and
305 mm. Thus, four test pieces were constructed and tested on the bench.
Both the fine (60 mesh) and coarse (34 mesh) screens were tested
using the wide (305 mm) spacing. The results of testiné over the frequency
range from 1 to 20 KHz are presented in Figure 9 for the coarse (34 mesh)
screens on 305 mm spacing and in Figure 10 for the fine (60 mesh) screens
on the same spacing. Note that the vertical axis are reversed in sign in
the two figures.
The results show that the fine (60 mesh) screen is generally more
effective over the frequency range tested. Figure 10 shows a dB difference
1 . between the straight pipe and the pipe with screens of about 4 d, on the

8

average while Figure 9 shows only a 2 d, difference for the coarse (34

8

mesh) screens. Both screens show different peaks at 16 and 13 KHz with a

Sy

general increase also in the 7 - 10 KHz region. Both screens also show a

e

tive value in the 4 - 6 KHz range.

16




4. Instrumentation System
a. Pressure Measurement
The instrument used for pressure measurements is a battery

of four Piezotron pressure sensing units each of which consists of a
piezoelectric pressure transducer (Type 201B5) and a coupler (549B) con-
nected with a 128M cable. The unit is then connected to an oscilloscope
for the readout of voltage signals. Specifications of the Piezotron
miniature pressure sensor or transducer, the Piezotron coupler, and the
Textronix oscilloscope are presented in Appendix A.

The pressure of up to 100 psi was sensed by the mini-gage which gives
a direct, high level, voltage signal with less than 100 ohms output im-
pedance and high frequency response of 50 KHz and low frequency response
of 0.005 HZ. The sensor then converts the pressure into electrical voltage
with bias of up to 11 + 2 volts. The power required by the transducer to
operate is supplied by the coupler, and the signal from the transducer
to the readout equipment is transmitted through the coupler over a single
inexpensive cable. This eliminates all of the inherent piezoelectric high
impedance problems of electrical leakage, cable noise and signal attenuation
and allows the tranducers to be used in contaminated environments and with
long and moving cables at low noise and without use of charge amplifiers.

The calibration of the transducers was performed at the factory,
and the values of the calibration were noted to be, on the average for all
probes, 50 mv per psi for the pressure measurement up to 100 psi. The
calibration curve relating the voltage output and the pressure is noted

to be quite lenient.

17




b. Temperature Measurement

Due to the extremely transient nature of temperature varia-~
tion in the recirculating flow as a result of the pulsed laser operation,
a sensor of high frequency response in excess of 1 KHz is considered
necessary for the temperature measurement. Search of an adequate sensor
resulted in the selection of a hot-wire sensor made of 0.00015 in. diameter
tungsten wire coated with platinum powdery film. The hot-wire sensor is
connected to the Temperature and Switching Module (Thermo-Systems Model
1040) which is in turn connected to the power supply (Model 1031-10A).

The Module consists of a bridge circuit and amplifier in an open
loop configuration so the hot-wire sensor which is ordinarily used as an
anemometer probe can be switched to function as a resistance thermometer.
Since there is a linear proportionality between the voltage output and
the temperature, the calibration can be simply performed by adjusting the
zero and gain set potentiometers to a desired temperature range using the
calibrate pots of two temperatures.

c. Velocity Measurement

For the measurement of velocities, hot-wire probes the same
as those used for the temperature measurement is applied. The probe is
connected to the constant temperature anemometer module (Model 1010A).

The amplified output signal from the anemometer is sent to the Linearizer
(Model 1005B) so that the voltage signal is processed in such a way that
it became linearly related to velocity of the gas flow.

The use of these modules ensures the frequency response above 500
KHz with power output as high as 1.5 amps. The noise associated with the

anemometer is noted to be less than 0.007% equivalent turbulent intensity.

18




Frequency response to the Linearizer is found to be up to 400 KHz and

the accuracy of linearization can reach + 0.2%. With these special features

of the instrument, it is able to measure both average velocity and turbulence

in one-dimension. ’
Calibration of the probe is performed by using a Thermo-Systems

Calibrator (Model 1125) in accordance with the furnished instructions.

The readout system for both temperature and velocity is the Tektronix type

oscilloscope (Type 564-3A74-3B3).

B. Presentation of Experimental Data

An experimental run typically involved firing the S3 laser and
recording pressure, temperature, and/or velocity at various locations in
the circulator. 1In addition, the laser discharge current was also moni-
tored for each run in order to determine the power put into the gas flow.
Data collected from each run were recorded with two Polaroid photos: one
for laser energy deposition and one for fluid and thermal characteristics,
along with readings from other indicators. Plates 5381 to 5523 presents
the data and complete information regarding the test runs on one figure
to a test run basis. These plates are presented in Appendix B.

The tests were designed to investigate the fluid-thermal disturbances
produced by the sudden energy deposition in the cavity section of the
circulator.

A list of all test runs, with appropriate details, made during this
project period is attached as Appendix B,

Based on the previous experience, pure nitrogen gas was found ade-
quate for approximating the laser gas characteristics in the experiment of
interest. Thus, nitrogen was used in all test runs for the sake of con-

venience and economy.

19
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C. Discussion and Analysis of the Data

The 83 laser without lasing action merely provided the de-
position of energy in the cavity section, thereby simulating the energy
pulse generated in such a laser. The E-beam was operated at 90 KV, the
sustainer voltage was varied between 15-30 KV, and the pulse width was

varied between 2 and 3u sec.

As pertains to the fluid dynamics of the cavity flow, the energy

gy

deposition is considered instantaneous and, therefore, the process can be
described as an instantaneous constant volume heating process. The gas
pressure and temperature are instantaneously increased by the energy de-
position while the density remains unchanged. As the flow transports the
heated slug of high pressure gas away from the cavity, the frictional re-
sistance and thermal diffusion will take place in the heated slug of gas,
causing its deterioration of fluid and thermal characteristics.

’ Detailed discussion and analysis of the data of some typical test

runs are presented in Chapter VI, Sections 2, 3, and 4.

20
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Chapter III

NUMERICAL ANALYSIS OF TRANSIENT FLOW PROBLEMS RESULTING
FROM PULSED ENERGY INPUT

A. Theoretical Considerations
As an input of pulsed energy is made into the laser cavity,
disturbances in the form of shock waves and thermal changes will travel
out from the cavity, overriding the recirculating laser gas flow. These
phenomena are modeled by a set of governing equations of fluid dynamics
and thermodynamics with the one-dimensional assumption.

Details of the theoretical model including the governing equations,
boundary and initial conditions, formulation of the method of characteris~
tics, finite difference schemes and the flow diagram are delineated in the
UAH Research Report No. 199 (March 1977), pages 7 through 24. For the sake
of brevity, they are not repeated here, and their reference is made to the 1
1977 report. The computer program modified from the 1977 version is pre- ﬁ

sentad in Appendix C.

B. Presentation of Numerical Results
After several modifications and improvements of the computer
program pertaining to the transient flow problems of interest, the program
has been developed for calculating the flow field quantities including
all the flow and thermal properties as functions of temporal and spacial
coordinates. The results also include the analysis of shock waves pro-
pagating both upstream and downstream from the cavity as well as the heated

slug of laser gas bounded by two contact surfaces overriding the recircula-

,i - ting flow in the circulator. Samples of the numerical results are presented
- graphically and also in tabular form as shown in Figure 11 and Table I and IA,
& 21
44
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.

respectively. These results demonstrate the capability of the program

to numerically simulate the flow phenomena with a reasonable accuracy and
a considerable flexibility for varying system parameters such as energy
input, cavity dimensions, circulator dimensions and gas properties, pro-
vided that coefficients associated with the parameters are properly se-

lected.

22
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The overall program consists of the MAIN calling program which is

aided by the ENPUT, GASP, ATRP, MACH, SIMQ, LIQP, and OUTPUT subroutines,
Data transfer is conducted through common blocks VAR and IVAR. All of the
real data is stored in VAR and the integer quantities are stored in IVAR,
Figure 1 illustrates the overall tunnel and coolant system, and
identifies the assignment of station numbers referenced in the computer

simulation,
DESCRIPTION OF THE COMPUTATIONAL PROCEDURE -

PRIMARY EMPHASTS ON MAIN AND ENPUT

At statement number two MAIN calls upon ENPUT to read in the
NAMELIST case data and alphanumeric title. In the UAH simulations the
control variable NTAM = 0, so that temperatures TAl, TIG, T#2G, TP6G,
™76, T1, T2, T3, T4, T6, T8, T10, Tl4, T1l6, T18, T20, and TAZ receive
either specified input values or built-in values by default. Blower
pressure ratio (BPR) and cavity inlet velocity (VI) are also obtained
from input or default conditions., Cavity inlet pressure (PIG) is converted
to psi, air relative humidity (RH) is converted to a decimal number, laser
output efficiency (EFFL) is converted to a decimal number, and cavity
inlet hydraulic diameter (DC), height (HI), width (WT1l), and length (CL1)
are all converted to feet. The AIRP subroutine is called with TAl, PAT,
and RH so that air molecular weight will be available for the subsequent
air density (R@Al) calculation for the radiator inlet, Air mass flow rate
is next determined using R@Al, TAl, and the input value of corrected air
volumetric flow rate (CWA). Fin thermal conductivities for all heat ex-
changers are converted into BTU/sec.-ftz-(oF/ft) and the number of coolant
fluid passes in each heat exchanger is converted from integers to real

numbers,
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Although cavity inlet area is a routine input, it is again calculated

from Hl and CL1, An estimate of the volumetric flow rate at tunnel
station 6 is obtained from VI and A(l). The input list and case title
are printed and control returns to MAIN,

With control again in MAIN, the following relationships provide

starting estimates for certain tunnel static temperatures:

T2G = TP2G
TSG = TP2G
T6G = TP6G
TI0G = TP7G

The loopcounters JV and II are initialized at zero, and GASP is
entered with TIG and FN providing values for GAMIG, CPIG, and GMU. The
decision variable JCPRA is consulted to determine whether cavity inlet
pressure or density should remain fixed at its input value, If JCPR@ZO,
then

PIG = RP1*TIG/(.093178*GMU)

if JCPRO < 0, then
ROl = .093178*PIG*GMU/TIG

Calculations for mass flow rate (WG), inlet Mach number (FMl1),
and inlet stagnation temperature (TP1lG) are now performed; and TPLG serves
as an estimate for the static temperature at tunnel station 11 (T11G).
The AMT and BMI arrays are set to zero and heat exchanger calculations
begin,

In the following, only calculations related to the first tunnel
heat exchanger (HX1) will be outlined, since the calculation pertinent

to (HX2), (HX3), and the outside radiator assembly are essentially similar.
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On the coolant side of the heat exchanger, the bulk average

temperature (TMI) is determined from the arithmetic average of the inlet

and outlet temperatures:

TMI = .5%(T2 + T4)

On the gas side of the heat exchanger, the bulk average temperature
(IGMI) is defined as the log-mean average temperature determined from:
TGMI = TMI + (Z1 - 22)/(ln Z1 - 1n 22)

where Z1l = T5G - T4

and Z2 = T6G-T2

However, if either Z1 or Z2 0., then

TGMI = 5% (T5G + T6G)

GASP is now entered with TGMI and FN, and it provides the constant
pressure specific heat (CPGI), Prandtl Number (PRGI), viscosity (GIMU),
and molecular weight (GMU). LIQP is similarly called with TMI and FG,
providing the coolant viscosity (ZIMU), Prandtl Number (PRI), and
specific heat (CPI).

The gas side overall frontal area (AFRGI) is given by
AFRGI = DL(1) * DH(l), and the gas stream mass velocity
(GGI) is determined from

GGI = WG/(DSIG (1) * AFRGI)

where DSIG(l) represents the dimensionless ratio of free-flow area
to frontal area.

For the coolant side, the overall frontal area per pass (AFRI) is

given by
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AFRI = DW(1) * DH(1)/DNP(1)

The coolant stream mass velocity (GI) is determined from

GI = WI/(DSI(l) * AFRI)

where WI is the input value of coolant mass flow rate and DSI(l) is the
dimensionless ratio of free-flow area to frontal area,
Representative Reynolds Numbers for the gas side (REGI) and coolant

side (REI) are given by

REGI = GGI * DDHG(1)/GIMU

REI = GI * DDH(1l)/zIMU

For the gas side, the data on Figure 2 was employed in the con-
struction of functions expressing the dependence of the mean friction
factor (GFI), and the Colburn J factor (GJI), on REGI. For the liquid
side, the Colburn J factor (ZJI) was related to REI on the basis of
the data presented in Figure 3.

It should also be noted that the three heat exchangers have identical
plate-fin core structures, whereas the gas side data for a radiator is
presented in Figure 4. The coolant side plate-fin structure of a
radiator is identical to that of the three tunnel heat exchangers. Coolant
friction factors were not computed, since current UAH simulations do not
examine pressure drops in the coolant circulation system,

The unit conductances for the thermal convection heat transfer on

the gas side (HGI) and on the liquid side (HI) are given by

-2/3

HGI = GGI * CPGI * GJI * (PRGI)

HI -2/3

GI * CPI * ZJI * (PRI)
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The fin effectiveness parameters on the gas and coolant sides are

denoted by GMI and GMl, respectively,

2 * HGI
DK(1) * DDEL(1)

GML =

where DDEL (1) represents the gas side fin thickness in feet. Similarly,

2 * HI

GMlL = TR * DACD)

where DA(1l) represents the liquid side fin thickness in feet, It should
also be noted that the identical thermal conductivities used in the expressions
for GMI and GMl imply that fins on both sides of the heat exchanger are
constructed from the same material (currently aluminum).

Since the fins extend from wall-to-wall, it has been assumed
that the effective fin length is given by one half of the wall spacing.

On the gae side, the fin efficiency (ATFI) is given by

TANH|GMI*DSL(1
ATFI = “GMI * DSL( DSL(_§_1L1
where DSL(1) represents the gas side fin length in feet, Similarly, the

liquid side fin efficiency (ATF1L) is computed from

ATF1L - TANH[GMI*DSLL(1) ]

GML * DSLL(L)

where DSLL(1l) represents the liquid side fin length in feet,

The total surface temperature effectiveness of the heat transfer
surfaces on the gas side (AT#l) is given by the weighted average of
the 1007 effectiveness of the prime surface and the less effective fin
surface,

AT@I = 1.-DAFPA(1) * (1.-ATFI)

where DAF@A(l) represents the ratio of fin area to surface area.

On the liquid side, the total temperature effectiveness (AT@l) is

computed from

A T IR e
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ATP1 = 1,- DAFAL(l) * (1.-ATF1L)

where DAFAL(l) represents the ratio of fin area to surface area.
The overall conductance for heat transfer for the first heat

exchanger (UI) is given by

UL = 1./(1./(AT@I*HGI)+AB(1l)/DK(1)*(1.-DAFPA(1)))+ DALG(1)/(DALF (1)*HI*AT@1))

where AB(l) represents the parting plate thickness in feet, DALG(l) is
the gas side heat transfer surface area to volume ratio in

1/ft., and DALF(1l) is the ratio of liquid side heat transfer surface
area to volume in 1/ft,

In the final calculations related to the heat exchanger effectiveness
estimation, the coolant and hot gas capacity rates are evaluated and
compared to establish the appropriate minimum and maximum values identi-
fied by CMINI and CMAXI, respectively. Having defined AGI as the surface
area on which UI is based, the number of heat transfer units (TUNI) is
now given by

TUNI = AGI * UI/CMINI

The heat exchangers and radiators have been assumed to correspond
to the multipass overall-counterflow configuration; and the number of
coolant passes in each unit is contained in the DNP array. Kays and
London (Reference 1) have observed that the effect on performance of
fluid mixing either within passes or between passes, is not significantly
different from cases where there is no mixing at all, hence the single-

pass effectiveness (ESSI) is computed from

ESSI = 1,-EXP - TPWI*CMAXI/CMINI
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TYWI = 1,-EXP -TUNI*CMINI/(CMAXI*DNP (1))

The overall effectiveness (EPSI) is now given by the following

sequence of calculations

EPSI = ((1.-ESSI*CMINI/CMAXI)/(1.-ESSI))**NP (1)

EPSI = (EPSI-1.)/(EPSI-CMINI/CMAXT)

liowever, if CMINI/CMAXI is greater than .9999, then
EPSI = DNP(1)*ESSI/(1.+ESSI*(DNP(1)=-1.))

Tunnel calculations continue with the determination of statiomn 1
stagnation pressure using known values for Mach number, specific heat
ratio, and static pressure. Since the cavity design control parameter
NDSGN was always set at a value of two, the calculations are forced to
assume a constant area cavity. Although A(2) is an externmal input, it
is now set equal to the cavity inlet area. Assuming constant specific
heat for the gas flowing in a heated duct, the temporary variable Z1 re=-
presenting stagnation temperature for a choked/heated cavity at a station
where the Mach number is postualted equal to one, is obtained from

2

TP1G¥* (1, +CAMIGHFML ) *

2% (GAMIG+1. ) *EM1 2% 1.+9£-ﬂ2&1—° ik -

1]
L)

2l =

Next, Z1 is redefined as TP2G/T *; and if Z1>1 the message
"Choked Cavity-Read New Data' is printed and the case is aborted.

If the test on Z1 was satisfactory, then the static temperature
loop counter is initialized at a value of zero and GASP is entered with
known vaiues of T2G and FN, GASP returns values for GAM2G, CP2G and GMU
(which is fixed for the case since it only depends upon the gas mixture

specified initially).




——e

Under the assumption that GAMIG ~y GAM2G

2 nM?a a2
mog 2 (WptD My (v 53— =
026 _ . v
'1‘0* (1+ Yz M22)

where Yy and Mé have been employed as shorthand forms for GAM2G and FM2,
respectively, This convention will also be adopted for other tunnel

stations, Upon defining

22=22v,21 -2y, -2

and

23 = y,° (Z1-1) + 1

we obtain the following equation that must be satisfied by Mé

5.2 2
Z3 (Mé ) + 22 M-+ Zl =0
Finally, Mé is given by the square root of a positive solution < 1
determined for the above equation, However, if Z3 = 0, then M2 is simply

determined from
- Z1

o 22

The current value of T2G is now stored as the variable T2G@LD, and

a new value of T2G is computed from

TP2G

T2G =

If the new value of T2G is within a .5 degree (Rankine) neighborhood of
T2GPLD, then the solution continues, If T2G does not pass this test but

the loop counter has not been exceeded, then the static temperature loop
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is reentered at statement number 12000 using the current value of T2G,
If the above two conditions have not been satisfactorily met, then the
message ''Failure to Converge in Static Temp., Loop 1'" is printed, also
recording the temperature error and number of loop cycles. The run is
subsequently aborted,

A successful pass through the above criteria is followed by the
computation of static (P2G) and stagnation (P@2G) pressures at the cavity
exit,

Using the fixed value of total pressure loss coefficient (CF23) for

the first diffuser, the exit stagnation pressure is given by

PP3G = PP2G - CF23*(PP2G-P2G)

Using estimated values of Y3 and Mé the MACH subroutine is called
in conjunction with known values for DELM, NLIM, P@3G, T#3G = T@2G, WG,
GMU, A(3), and FN. Internally, MACH calls upon GASP to provide values for
Cp (T) and v (T); and MACH iterates on M3 until a value of Mé is found that
lies within DELM of the M$ computed on the previous pass through MACH,
By-products of the MACH subroutine are values of GAM3G, CP3G, static
temperature, and static pressure at station 3.

It should be noted that since Y3 is computed after MACH number
convergence, "convergence" in MACH is actually obtained with slightly in-
consistent values of T3G and Y3- If the number of iterations in the MACH
subroutine equals NLIM and convergence has not been obtained then the
error messag2, ''Failure to Converge in MACH No. Subroutine™, along with
the error value, is printed; and control returns to the main program
(the run is not aborted).

With the assumption that stagnation temperature from station 2 to

station 5 is constant, the calculatiuns for gas flow properties at stations
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4 and 5 are obtained in a manner analogous to the calculations performed
for station 3,

The density at station 5 (R@5) is given by
R@5 = ,093178 * P5G * GMU/T5G

The counter for Density Loop 1 is initialized at a value of zero and

initial estimates for R#6, M., and Y, are obtained from

RA6 = R@5
GAM6G GAM5G

FM6 = WG*DSQRT (TP6G/GAM5G/GMU) / (20,7774*PP5G*A(6))

The value of R#6 is stored in the dummy variable Z1 and the stag-

nation pressure at station 6 is predicted from

2

PO6G = PP5G-GGI> * ((1.+DSIG(1)2) * (R®S5/RP6-1)+GF I¥DALG (1)*DW (L)%

R@5/(.5*DSIG(1) * (RP6 + RO5)))/9266.11*%RG5)

Having TP6G and PP6G, MACH is called to provide values for the static
temperature and static pressure at station 6, These values are used to
compute a new value for R6, The absolute value of the dummy variable
Z3 = RP6 - Z1 is compared with RALIM, to determine if convergence has
been attained, If the comparison is not satisfactory and the loop counter
is less than NLIM, then the loop is reentered with the current value of
RA6. If the loop counter equals NLIM and convergence has not been obtained,
then the error message '"Failure to Converge in Density Loop 1" is printed,
The error is also recorded and the run is not aborted, For situations of

satisfactory convergence, the message '""Density Loop l-cycles (number of

passes through loop) - error (Z3)" is printed and calculations continue,
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Using the current value of T#7G as an approximation for T7G, and a
subsequent call to GASP, results in an approximation for GAM7G. The

stagnation pressure at station 7 (P@7G) is computed from

P@7G = PP6G * BPR

and the counter for the pressure loop is initialized at a value of O,

The MACH number at station 7 (FM7) is estimated from

FM7 = WG*DSQRT TH7G/(GAM/G*GMU)  /(20,7774*PP7G*A(7))

The estimates of FM7 and GAM/G plus other currently known quantities
are used with a call to the MACH subroutine, whose convergence yields a
value for the static pressure at tunnel station 7 (P7G). To go from
station 7 to station 8, the heat exchanger equations are solved for the
third heat exchanger. Since the diffuser pressure loss coefficient CF89
is a known quantity, the stagnation pressure at tunnel station 9 (P@9G) is

d f
computed from PPIG = PP8G - CF89 * (PP8G - P8G)

Under the assumption of a constant stagnation temperature existing
between stations § through 11, the above technique is also exploited in
the successive evaluation of corresponding flow properties for stations

9 through 10, The density for station 10 (R#10) is given by |

RA10 = ,093178 * P10G * GMU/T10G

Starting estimates are obtained for the MACH number FMll and density
(RA11) at station 11; and the counter for the second density loop is
initialized at a value of zero,

The value for RPll is also stored in the dummy variable Z1, and the

stagnation pressure at station 11 (P#l1G) is given by
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PO11G = PPLOG - GGIIZ*((L.+DSIG(2)2)*(RP10/RA11-1.)+GF T¥DALG (2)*DW (2)*

RO10/ (.5%*DSIG(2)*(RALO+RA11)))/ (9266 ,.11*RP10)

A call to the MACH subroutine, assuming that TP1llG = TP1lG and letting
GAM10G be an initial estimate for GAM11G, results in values for T11G,
P11G, FM11l, GAM11G, and CP11G, upon convergence.

A new value for RP1l is now computed from

RA11 = ,093178*%P11G*GMU/T11G

and the dummy variable Z3 is defined by

Z3 = RP11 - Z1

The absolute value of Z3 is compared with RALIM to determine if
convergence has occurred in the density loop. If |ZB| > RPLIM and the
current value of the loop counter is less than NLIM, then the loop is
reentered with the present value of R@All. If the loop counter equals
NLIM and convergence has not been attained, then the error message '"Failure
to Converge in Density Loop-2" is printed., The error is also recorded
and the run is not aborted., For situations of satisfactory convergence,
the message '"Density Loop-2-Cycles (number of passes through loop) -

Error = (23)'" is printed and system calculations resume.

Next, FMll is reestimated from other known quantities:

FM11l = WG*DSQRT (T@1G/ (GAMIG*GMU) )/ (20.7774*PP11G*A(11))

and the MACH subroutine is again called to provide refined values of
T11G, P11G, FMll, GAM11lG, and CP1l1G.
If the decision variable JCPR@ > O,then a new dummy variable Z1 is

defined by




Zl = ROI*TIG/(.093178*GMU)*(1.+(GAMIG-1.)*FM12/2)**(GAMIG/(GAMIG-I.))

and subsequently, Z1 becomes

Z1 = PP11G - CF11l1l*(P@11G-P11G) - Z1

However, if JCPR# < 0, then the variable Z1 is defined by

Z1l = PP11G - CF1lll* (P@1l1G - P1l1G) - PPIG

Note that if Z1 > 0 there is an implied overshoot of inlet stagnation
pressure as determined by the flow conditions at station 11, Since Z1
will probably never turn out identically zero in the computations, flow

stagnation pressure adjustments are necessary:

PP11G = PP11G - Z1 .
PP10G = PP10G - Z1
PP9G = PP9G =~ Z1
PP8G = PP8G - Z1
P07¢ = PP7G = Z1

The known static temperature at station 6 is used with a call to
subroutine GASP so that values will be available for GAM6G and CP6G.

The desired blower pressure ratio (BPR) can now be computed from

BPR = PP7G/PP6G

R I ety 2 s, T

and the volumetric flow at station 6 (Q6G) is determined from

R Q6G = 60,*A(6)*FM6*DSQRT (GAM6G*T6G*32, 174*1545, 43/GMU)

[ ———

Having specified the volumetric flow rate, the number of blower sets, and

the blower rpm, the blower polytropic efficiency (ATAB) is given by

e e T ...




ATAB = ,73-7,09843%(DABS (Q6G/BRPM/NBS~,5355))**2,08014

The above efficiency function is also presented in Figure 5,

Hence, T#7G can be recomputed from

RO,

T7G = TP6G* (BPR** ((GAM6G-1.) / (ATAB*GAM6G) ))

The pressure loop counter J is incremented by one, and the magnitude
E of the stagnation pressure error at station 11 is compared with the
pressure error tolerance PLIM., If |Zl| < PLIM, then calculations resume
at statement number 85, If IZII > PLIM and J < NLIM then the pressure

loop repeats itself from statement 80, Alternatively, if J = NLIM and a

N

pressure error still exists, then the message "Failure to Converge in
Pressure Loop=-Error = Z1'" is written and the calculations continue at
statement 85, where AIRP is called to determine the constant pressure
specific heat of ambient air., The message "Total Passes Through Pressure
Loop = (value of J) - Error = (value of Z1)'" is next recorded.

Subroutine AIRP is called to determine the constant pressure specific
heat and specific heat ratio for radiator exhaust air. Similarly, sub-
routine LIQP is called 11 times to establish specific heats associated
with the coolant temperatures existing at the various reference locations,
Until the call to SIMQ, all subsequent calculations are associated with
the determination of the values for the elements of the 18 by 18 [AMT]
matrix and the 18 x 1 [BMI'] matrix used in performing the simultaneous
solution of all system temperatures,

The matrix equation [AMT] X = [BMI] denotes the 18 equations used
to establish energy balances across system components expressing a change
' i in enthalpy between entering and leaving fluid streams. Energy balances

across the heat exchangers and radiators are supplemented by effectiveness/
40
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temperature change relationships., The elements of the [AMI'] and [BMT]
matrices are identified in Table II, and the 18 x 1 solution vector
returned by SIMQ is an updated estimate for the following temperatures:
916, T2G, TH6G, TH7G, T1, T2, T3, T4, T6, T8, T1l0, Tl4, T16, T18, T20,

TA2, T@8G, and T7.

It should be noted that the equivalence statement preceeding state-

ment number 2 in the MAIN program immediately loads the elements of X
into the appropriate locations of COMMON VAR, Hence, each time SIMQ is
called by MAIN all the sytem temperatures represented in the vector X
are updated,

The Final Mach Loop counter JJ is initialized at a value of zero
and the dummy variable Z2 is set equal to FML.

The cavity inlet static temperature is now determined from the

revised inlet stagnation temperature

TIG = BMP(L)/(L.+(GAMIG-1.)%FM1%/2.)

and GASP is called to provide values for GAMIG and CPIG consistent with

TIG,

If JCPR# > 0, then the cavity inlet static pressure becomes

PIG = RA1*TIG/(.093178*GMU)
If JCPR§ < 0, then the cavity inlet density is given by

RO1 = ,093178*PIG*GMJ/TIG
The gas mass flow rate (WG) is determined from

WG = ROLMWI*A(L)
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and a new cavity inlet MACH number is given by

FML = WG*DSQRT (TIG/ (GAMIG*GMU)) /(20.7774*PIG*A(1))

The counter JJ is incremented by one and the dummy variable Z3 is defined

by
23 =22 - M1

-

If the absolute value of Z3 is less than DELM then calculations
resume at statement 7. If MACH number convergence has not been attained
and JJ < NLIM, then the current value of FML is used in reentry of the
Final Mach Loop at statement 6, However, if the MACH number is not
within tolerance and JJ = NLIM, then the message "Failed to Converge

in Final Mach Loop - Error = (value of Z3)" is written and calculations

again reach statement 7. Statement 7 writes the message '""Total Passes in
Final Mach Loop = (value of JJ) - Error = (value of zZ3)".

If the value of the error indicator KS defined in SIMQ is one, the
program goes to statement 91 and writes the error message ''Singular Matrix"

and aborts the case,

The eighteen elements in the array NN are set equal to -1, and 7%
|
}

TDIF (KS) = SVR(KS) - BMT(KS)

where KS =1, 2, .,.16 is a new dummy variable, SVR is the array composed
of system temperatures before calling SIMQ, and BMT is the system tem=
perature array provided by the call to SIMQ.

If the absolute value of any of the elements in the TDIF array is
greater than the corresponding value input into the temperature con-
vergence tolerance array CPNV, then the appropriate element in the NN

array is set equal to omne,
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The temperature differences recorded in array TDIF are now presented

under the heading of ''State Variable Errors.'" The message "End of SIMQ
Pass No. (value of II)" is recorded; and if II > NLIM then computations
resume at statement 92 where the warning "Failure to Converge in State
Variable Loop" is printed, and the solution continues at statement 90
without having guaranteed convergence on temperatures,

However, if II < NLIM, then each element of the NN array is examined
to determine whether it is zero or positive., If any element of NN satisfies
this test then calculations resume at statement 95, where the SVR array
is reset with corresponding values from the BMT array, and the case re-
peats from statement 10, If all elements of NN fail this test, then the

case continues at statement 90 where FM6 is estimated from

FM6 = WG*DSQRT(T®6G/ (GAM6G*GMU) )/ (20.7774*PP6G*A(6)) ; -l

This calculation is followed by a call to MACH so that convergence on
FM6 can be obtained.

After converting the number of blower sets and the number of blowers
per set from integers to real numbers, the cavity inlet velocity correction

GC is determined via the following six equations

DPSS = ((P@7G-P@#6G)*TB6G*28,966) / (PI6G*BRPM*BRPM*518 , 7*GMU*FNBPS)
DPSB = .8396-3,2323%(DABS (Q6G/ (BRPM*FNBS) - , 46875) ) **/ 42327

DPSB = DPSB * 1, E-9

ERR = DPSB - DPSS

GC = 11,661 E-7/(BRPM¥FNBS) + 11,589 E-5*VIM¥¢* 667/ (BRPM¥BRPM*FNBPS)
GC = ERR/GC

Note that the calculation of DPSB is derived from the empirical

blower pressure data presented on Figure 5,
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The velocity loop counter JV is incremented by 6ﬁe'before the
message '"Pass No (value of JV) Through Velocity Loop, Correction = (value
of GC)'™ is printed.

If | ¢ | < VLIM, then calculations resume at statement number 502,

If JV > NLIM, then calculations resume at statement number 503,
where the error message "Failure to Converge in Velocity Loop-Error =
(value of GC)'" is reccrded before calculations resume at statement number
502.

If GC < 0 and Q6G/(BRPM*FNBS) < .46875, then the message '""Blowers
are Choked - Process Next Case' is printed and the run is aborted.

| For all other situations, before repeating at statement number 501,

the cavity inlet velocity is updated in the following manner

VM

VIM + GC

VIM = VIM * 3,281

At statement number 502, the following revisions are made to chosen

| stagnation temperatures:

T@3G = T¥2G
E T04G = TP2G

T95G = Td2G
T¥8G = T97G
| 96 = 976
o 106 = T87G

M™M11G = TP1G

-

The blower power required in horsepower (BLPR) is given by
BLPR=WG*, 5 (CP6G+CP7G) *T#6G* (BPR** ((1.-2./ (GAM6G+GAM7G) ) /ATAB)-1,)*778,/550.
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whose kilowatt equivalent (BLPRM) becomes

BLPRM = BLPR * 7457

It should also be noted that since this investigation centered on
the recirculating laser gas flow in the wind tunnel, the coolant friction

factors and pressure drops were not computed.

The radiator inlet air density (RFAl is computed from

ROAL = 144 *PAT*AML/ (1545.32*TAl)

The radiator exit air density (RPA2) is initially assumed the same
as the inlet air density and the radiator density loop counter (LL) is
initialized at a value of zero. After setting the dummy variable Z1=R#A2

the exit air static pressure (PA2) is computed from

PA2 = PAT-GA*GA*((1.+DSIG(3)**2)*(ROALl/RHA2-1.) +
AF*DALG (3) *DW (3) *R@AL/ (. 5*DSIG(3)*(RPAL+RFA2)))/

(ROAL*2 %32, 174%144 )
The outlet air density is now recomputed from
ROA2 = 144 *PA2*AML/ (1545.32%TA2)

The loop counter is subsequently incremented by one and the dummy variable

23 is defined by
Z3 = ROA2 - Z1

If |23| < ROLIM, then density convergence has been attained and
the calculations resume at statement number 38, If 23| > RALIM and

LL < NLIM then the density loop is repeated at statement 37, using the
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current value of RFA2 as the initial guess in the loop. However, if

LL = NLIM, then the error message '"Failure to Converge in Aux. Density
Loop -~ Error = (value of Z3)" is recorded before resuming at statement
number 39, The run is not aborted.

When convergence on density has been attained, the message "Total
Passes Through Aux. Density Loop = (value of LL) - Error = (value of Z3)'"
is printed before resuming calculations at statement number 39.

The fan power required in horsepower (PF) is given by

PF = WA*CPA2*TA2% ((PAT/PA2)**((1.1./GAM2A) /ATAP)-1,)*778./550.

whose kilowatt equivalent (PFM) becomes

PFM = PF * ,7457

Tunnel gas density at station 6 (R@6G) is determined from

RP6G = .093178 * P6G * GMU/T6G

and the corrected volumetric flow rate at this station (QC#RR) is given
by

QCORR = 60.*WG*DSQRT(1.4*GMU*518.7/(GAM6G*28.97*T@6G)) /RA6G

The elements of the SVR array are given values matching values in

corresponding elements of the BMI array and the total heat transfer rate

in BTU/HR for the first heat exchange (QDI) is computed from

QDI = WI * 1800.*(CP2 + CP4) * (T4-T2)

The heat transfer rates for the second and third heat exchanger and radiator

system are given, respectively, by
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QDII = WII * 1800 ., * (CP2+CP6)*(T6~T2)

QDIII = WIII * 1800 . * (CP2+CP7)*(T7-T2)

QDA. = W3 * 1800 . * (CP3+CP1)*(T3-T1)

The complete program flow charts are presented in Table II. An Input List
for a typical example and the corresponding Oufput Results are presented
in Table III. Appendix D presents the Program Listing.

Appendix E presents some sample results obtained for flow variables |
around the system for the case of three heat exchangers. We show the re-
sults for static temperature (Figure El), total temperature (Figure E2),

density (Figure E3), static pressure (Figure E4), total pressure (Figure E5),

velocity (Figure E6), and Mach number (Figure E7). The results are for

the following:

PLKW = 50 PIGA = 1




TABLE II

(l_ Start )
2

Call ENPUT

]

SVR( ) = T( )

\

T2G=T@#2G
T6G=TP6G
T5G=TP#2G
T10G=T@#8G

!

—H
H
i

o

CALL GASP
TIG, FN=>GAMIG,< PIG,GMU

~ Yes
- JCPRY > 0
Y \/ Y
Compute R@1 Compute PIG
L ]
1
Compute e
WG, FM1, T@lG, T11

¥

Set AMT and BMI' array
elements to zero

I

Compute '"average'' temperatures

for Hx'5 and radiator fluids and
gases, Obtain all fluid properties
necessary for heat transfer
calculations

HAIRP:

LIQP

A A A
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Compute representative Reynolds
Numbers and obtain appropriate
heat transfer performance and
friction parameter for Hx5 and b
radiators _
' 4

COMPUTE P@1G

y

Cavity Options
Go To (30, 40, 50), NDSGN !
(NDSGN=2 used for const area '

cavity = ? 1 %
.i
|
40 |
Constant Area Cavity
A(2) = A(1)

- %*
Z1 = T02G/To

1
No Yes 5
|
i 1000__Y
I=0 "CHOKED CAVITY-
& READ NEW DATA"
12000& *
I=I+1 Go To 2

CALL GASP: T2G, FN= > GAM2G, CP2C
Gy =S Wpy Sy T2 VYgg~2

2
=Yg (2, - 1) + 1

N
|

3
No @ Yes
| \ 41
i -
i COMPUTE - fa 2 3
! M2 Z‘P = ( 22+ 22 4 21 Z3)/223
2
z5 = (-z2 - 22 - 4 21 z3 )/223
z6 = DMIN1 (24, 25)

'
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Go To 60

RECOMPUTE T2G

T2GDTF = T2GOLD - T2G

No Yes
z6 = z6 26 = DMAXI(ZA, 25)
|
COMPUTE FM2
60
T2GOALD = T2G

"Failure to Converge
In Static Temp Loop 1
- Cycles = I - Error
= T2GDIF"

Go To 2

Go To 12000

First Diffuser ]

PP3G = PP2G - CF23 (PP2G - P2G)
Assume:
F233= FM2 A(2)/AQ3)
GAM3G = GAM2G

Call MACH: For a typical statiom i,
MACH aided by GASP, iterates on FM, up
to NLIM times holding FN, DELM, NLIM,
PPiG, TPiG, A(i), GMU, WG is constants,
while primary values for GAMiG, PiG, TiG,
CPiG

4

Repeat above techniques
for second and third diffusers

;




10002

Z1 = R@8

Call MACH

I =T+ 1

PP8G = PP7G - GGIII * GGIII
Assume GAM8G = GAM7G

] Compute R@8

Z3 = R@8 - Z1

etc.

Density loop
#3 across third
heat exchanger

YES

FAILURE TO CONVERGE IN
DENSITY LOOP 3 - ERROR

Go To 10002

B
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No

COMPUTE R@5
ASSUME R@#6 = R@5
COMPUTE APPROXIMATE FM6

y

I=0

70

\

Z, = RO6

PP6G = PP5C - GGI + GGI *etc,

Assume GAM6G = GAMSG
Call MACH
COMPUTE R@6

I=I+1
23 = RP6G - Z1

Density Loop #1.
Across the first
heat exchanger

No

Yes

Yes

"FAILURE TO CONVERGE IN Go To 70

DENSITY LOOP 1 - ERROR

= (z,)"

~@=y

71 /

Assuming T7G = T@7G Call GASP to
obtain GAM7G and CP7G

Y

Write "DENSTTY LOOP 1-CYCLES= (I)
- ERROR = (Z.)"
PO7G = PP6C IBER)

.

J=0
80 [ 2

ESTIMATE FM/

Call MACH to obtain converged
values for FM7, GAM7/G, P7G, T7G,

CP7G
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77
Using techniques employed for first
diffuser, perform similar calculations
for thermal stations 8, 9, and 10

Y

Compute RA10G
Assume R@11G = RP10G
Estimate FM11

!

I=0
75 1

Z1 = R@11G
PP11G = PP10G - GGII*GGII*etc.
Assume GAM11G = GAM10G
Call MACH
compute R@11
I=1Iu+1
Z3 = RP11G - 21

Density Loop #2,
across second
Heat Exchanger

= |23|< ROLIM ki
|
No '
\ \
"Failure to Converge Go to 75
In Density Loop 2- |
= "

Error = (Z3) 26 = h
]

Estimate FM11

1

WRITE: "Density Loop 2-Cycles= (I)
- Error = (23)"

|

Using PP11G, TP11lG, estimated FMIL1,
and GAM11G Call MACH to Converge
on FM11l, GAM11G, P11G, T11G, and
CP11G.

Yes ‘/,/’//x\\\\\\‘ No
JCPRO > 0
r \/ 1

Z1=PP11G-CF111(PP11G-
P11G)-PO1G

Compute Z1
Redefine Z1

Z,=P@11G-CF111(P#11G-P11G)-2Z1

L
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PP11G = PPL1G - Z1
PP10G = PPL10G - Z1
PP9G = PP9G - Z1
P@8G = PP8G - Z1
PA7¢ = PP7G - Z1

Call GASP WHR T6G to
obtain GAM6G & CP6G

=

Compute BPR, Q6G, ATAB, T@#7G

No

No

Write: "FAILURE TO CONVERGE
IN PRESSURE LOOP-ERROR.:(ZI)"

J=J+1
Yes
Yes
Go To 80
e

85

'

(Zl)"

WRITE: '""Total passes through pressure loop = (J) - error=
Call AIRP twice and L1QP 11 times to obtain
specific heats at the reference locations pertaining to
heat exchanges and radiation

1

and call SIMQ

Set up AMT and BMT arrays

Y

JJ =

0

; '

Z, = FM1
Compute TIG
TIG and Call to GASP

"

> new GAMIG & CPIG
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COMPUTE WG & FM1

JJ =JJ +1
23 =22 - TM1
No Yes
No Yes
WRITE: "FAILURE TO CONVERGE. Go To 6
IN FINAL MACH LOOP - ERROR
= (23)" i
7 \
WRITE: "TOTAL PASSES IN FINAL MACH LOOP =
(JJ) - ERROR = (Z3)"
ITI =11 +1
L (obtained from
‘ STIQ)
DO 93 KS =1, 16 WRITE "SINGULAR
! NN(KS) = -1 MATRIX"
¢ TDIF (KS) = SVR(KS)~ BMT(KS)
: \

Go To 2




WRITE: THE TDIF QUANTITIES AS "STATE VARIABLE ERRORS"
WRITE: "END OF SIMQ PASS NO, (II)"

No

]

DO 94 KS=1, 16

No

T |

CONTINUE

l

Yes
__95

II > NLIM

T

Yes

i

WRITE "FAILURE TO CONVERGE IN STATE
VARIABLE LOOP"

DO 96 KS=1,16

et
9% Y

SVR (KS) =BMT (KS)

Y

Go To 10

Py

Go To 90

Yes

90 4

Estimate FM6 from T@6G, PP6G and GAM6G
Call MACH to converge on FM6, GAM6G,P6G,
T6G, and Cp6G i
Compute DPSS, DPSB, ERR and GC

JV = JV+1

WRITE "PASS NO, (JV) THROUGH VELOCITY
LOOP, CORRECTION = (GC)"

No Yes
leel< vLM

503 1l

WRITE "FAILURE TO CONVERGE IN
VELOCITY LOOP-ERROR=(GC)"

Q6G/BRPM*FNBS< , 46875

717} S——

[ conrovue

' [ V1=V1+GC
T93G = TP2C V1=V1(3.281)
TO4C = TH2G
T05¢ = TP2G 1
109G = TP8G el P
T010G= TPSC *
TP11G= TA1GC

Go To 502

GC<0, and Yes

504
WRITE ""BLOWERS ARE
CHOKED=-PROCESS NEXT
CASE"

Y

Go To 2




Compute: BLPR, BLPRM, DPI, DPII, DP, RA,
Assume RPA2 = RPAlL

IL =0

37 y

Z1 = ROA2

PA2 = PAT - etc.

ROA2 = 144 * PA2 * AML/1545,72 * TA2
IL = LL +« 1

i Z3=R¢A2"Zl

!

Yes

lz3| < ROLIM

38

WRITE "TOTAL PASSES THROUGH AUX,
DENSITY LOOP - ERROR = (Z#)"

WRITE "FAILURE TO CONVERGE IN Go To 37
AUX, DENSITY LOOP - ERROR = (Z3)"
Y
Go To 39
39
COMPUTE: PF, PFM, RO6G, QLORR

K]

Set SVR array elements equal to
BMT elements

COMPUTE QDI, QDI1, QDA

1

CALL OUTPUT

1

Go To 2




0 = (L1) (ENIWD)ESAE - (DL0L) (IT190-(ENTWD)ESdE) + (D80L) 11190

0 = (L1)(8dD + £dD)(S°)IIIM ~ (DBOL)TIIIDD - (ZL)(8dD + £dD) (S )IIIM + (DLOL)II19HD

]

SO- (021) (02dD + ZdD)(S°)SM - (ZL)(0ZdD + ZdD)(S°)SM

It

40— = (811)(81dD + ZdD) (S YaM - (T1)(81dD + 7dD)(S")dAM
ZAd- = (011) (014D + TdD) (S°)zAaM - (T1)(01dD + ZdD)(S°)zZAM

1AD- = (81)(8dD + 2dD)(S*)TAM - (ZL) (84D + 7dD)(S°)1AM
WO- = (911)(9TdD + %1dD) (S™)WM - (¥11)(91dD + %1dD) (S )WM

WOO- = (#11) (V1dD + 2dD) (S )WM - (T1) (71dD + TdD) (S°)KM

0 = (02L)(€dD + 0TdD)(S")SM - (8TL)(£dD + 81dD)(S°)aAM -
(911) (€D + 91dD) (S*)WM - (OTL) (€40 + 01dD) (S°)ZAM - (8L)(€dD + 8dD)(S°) 1AM ~ (91)(€dD + 9dI)(S°)IIM - (¥1)
(€42 + %d2)(S°)IM - (EL){(€dD + 0TdO)(S")SM + (€40 + 81dD)(S*)dAM + (€dD + 0TdD)(S°)ZAM + (€dD + 8dD)(S°)TAM +
(€dD + 2dD)(6°)gM + (€dD + 91dD) (S )WM + (€40 + 9dI)(S°)IIM + (£dD + %dD)(S°)IM} + (TL)(€dD + Tdd) (S°)daM-

dd- = (Z1)(2dD + 1d2)(S°)EM - (11)(ZdD + 1dD)(G")¢EM

(1VL) (VO-(NIWD)VSdd) = ((ZVL)VI) - (g€l) (NIWD)VSdd

IVL)VD- = ((ZVL)VD) - (€dD + 1dO)(S*)EM + (T1)(€dD + 1dD) (S )EM-

0 = (L) (TINIWD)IISdd - (9801) (1190-(ITWIWD)11Sd3) + (9T01)I19D

0 = (91) ((9d0 + TdD)(S°)IIM) - (ZL)((9dD + ZdD)(S*)IIM) + (D80L)119D + (HIOL)119D-

(D9WVD) VLV
.ﬁlooz<oﬁooOm\c~omv-

0 = ((Z1) (INIWD)1Sdd) - (990L)190 + (9Z0L) (190-(IWIWD)1Sdd)

0 = (HZ0L)°T1 + (9901)

0 = (71) ((#dD + TAD)(S°)IM-) + (Z1)((%dD + TdD)(S°)IM) + (D901)19D - (HTOL) 19D
4 Z
CT=T4d3/° 1) (MN1d)8Y6°=SO = (9H201) ((HZdD + 9IdD)OM-) + (D10L) (HZdD + 91dD)HM

I11 319Vl

‘81

A

‘91

‘Gl

i

el
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Chapter V

ANALYSIS OF OPTICAL RESONATORS WITH TILTED SPHERICAL MIRRORS

This study has employed closed-form analytical studies (of a two-
dimensional approximation), extensions of previously existing computer
codes, and newly prepared three-dimensional computer programs. This
report will be concerned primarily with a summary of major aspects of
the study and its conclusions; details have been furnished separately.
The work has been coordinated with a MIRADCOM experimental investigation
employing interferometry; the theoretical-computational and experimental
results are in satisfactory agreement.

The development of theoretical and computational methods not only
affords insight into observed trends, but provides a capability for de-
termining expected optical quality properties of additional detailed
designs without the need for an experimental study for each such design.

The investigations were primarily concerned with the effect, on an
initially collimated beam, of one complete passage from convex to con-
cave mirror, as indicated schematically in Figure 1. The two types of
configurations, distinguished by the difference in relative signs of
tilt angles of the two spherical mirrors, are referred to as "U-type"

1

and "Z-type." The basic design equations, as given in Reference 1, do
not distinguish between these two types of configurations. One of the
purposes of the present study was to compare optical-quality properties
of the two types. It turns out that the Z-type configuration is clearly

to be preferred to the U-type configuration as regards output optical

quality.
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Two-Dimensional Approximation

By using a local wave front curvature approach in the two-dimen-
sional approximation, it was possible to derive a closed form approximate
expression for the optical path difference, here labelled z, as a function

of lateral displacement y, and of other parameters of the resonator:

1 . . 3]
2 = 3_—3— [‘ |R1i sin el i R2 sin 82] ¥ .
R2 cos 62

The above expression is perhaps deceptively simple in appearance, since
the value of 82 which appears in it must be determined from additional
equations, which are given in Reference 1. The points to which attention
are here drawn are:

(1) The z-dependence is of the form C03 y3, i.e. of third power in
transverse position y.

(2) The choice of signs in the numerator is such that the Z-type
configuration is clearly better, as regards optical quality, than the
U-type configuration.

(3) The dependence on mirror radii of curvature is, roughly speaking,

of inverse-square type.

In addition to the closed-form analysis leading to the equation given
above, two-dimensional numerical calculations were carried out, which
tended to confirm the above conclusions.

The equation given above could be rewritten in the form




|

where Y is used to represent the maximum value of y, measured from center

to edge, and the subscripts cp refer to the center-to-peak deviation.

The optical quality is essentially determined by root-mean-square values

of the optical-path deviations; these depend, of course, on the reference
plane with respect to which they are measured. We will use Zrms.nt to

refer to rms values with no tilt of the reference plane, i.e., the re
ference plane is chosen as strictly perpendicular to the output central

ray. The actual optical properties will be determined by the rms deviations
with respect to a reference plane whose tilt is optimized; the corresponding
value of z will be labelled as zrms,opt' It was found that in the two-

dimensional approximation, the following equations apply:

z = QL3788 0.
rms,nt cp

z = 0.4 2z .
rms,opt rms,nt

Specific numerical predictions of the above two-dimensional equations
are listed in Table I for a situation corresponding to an experimental

study, for a range of values of convex-mirror tilt angles 6§ Three-

1
dimensional predictions for the same cases will be given below for

comparison.

g
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Table I.
Two-Dimensional Approximate Predictions of Optical Path Differences in
Microns, for a Z-Configuration Travelling Wave Resonator with R, = -290
cm, R, = 675 cm, Y = S 7.62 cm, for Various Values of Convex Mirror
Tilt %ngle 91.

The second column gives the center-to-edge values, the third column

gives the rms OPD for an untilted reference plane, while the fourth column

3 gives the rms OPD relative to an optimally-tilted reference plane.
i 5. (deg) z z z
1 cp rms,nt rms,opt
F 10 0.393 0.149 0.059
20 0.855 0.323 0.129
30 1.481 0.560 0.224
i 45 3.168 1.198 0.479
50 4.165 1.574 0.630
E 55 5.614 2122 0.849
j 60 7.866 2.973 1.189
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Three~Dimensional Calculations

The major portion of this study has been concerned with developing
and applying three-dimensional ray-tracing computational methods.
A collimated beam is assumed to be incident on the convex mirror.

Given x and y coordinates of an incident ray measured relative to the

central ray, the computer program calculates the path of the ray through
the system and determines (a) direction cosines after reflection from
the concave mirror, measured in a coordinate system with the positive
z-axis parallel to the central ray and (b) the optical path difference
(OPD) between the ray considered and the central ray. The OPD's are of
primary interest, and are calculated for a position close to the concave
mirror. It was found necessary to utilize double precision arithmetic
in order to obtain reliable values of OPD's.

Included in the input data are half-widths, in the x and y directions,
of the desired output beam and the number of mesh points along x and y
(usually 9 x 9). Coordinates x and y of incident rays are obtained by
dividing corresponding desired coordinates of output rays by magnifications
Mx and My, which are computed by the program from input values of Rl’ R2’
and 91. Unless otherwise specified, the program uses the values of mirror
spacing L and of concave mirror tilt angle 62 which result in a collimated
output beam, values of these parameters being determined by an initial
portion of the program. The first page of computer output is a table of
calculated OPD's over the specified mesh; the OPD's are given in microns,
while mirror spacing and radii of curvature are in centimeters.

It was found that there is a good deal of order in the calculated
OPD's as might be expected, and that their functional dependence on x and

v can be rather well represented by a relatively small number of terms of
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a Taylor's expansion. Of primary importance are terms C 3 and C
03 ¥ 21

xzy; values of the coefficients C03 and 021 are not the same. The quad-

ratic terms C x2 and C02 y2 can, of course, be important if the system

20

is not properly adjusted. These terms have been included in the function
fitting process in order to be able to investigate the effects of ad-
justing L and 62 to values slightly different from their ideal values.

Also allowed for is a cross-term C22 x2 y2 as well as fourth-order terms

4
04 Y -

The computer program evaluates the series coefficients from the

4
of the form C40 x and C

table of calculated OPD's and prints these. It also calculates and prints
a table of residuals showing the difference between the directly calculated
OPD's and values obtained from the truncated series expansion; these seem
typically to be of the order of one percent or less of the OPD's them- |
selves. The coefficient Ctilt corresponding to a reference plane defined
by z = Ctilt y, which minimizes the rms OPd, is also determined and printed.
Also a table is printed of the rms values of OPD for various values of
reference beam tilt measured in units of the optimal value.

If L and/or 82 are set to values which are incremented slightly from
their proper values there will be wave-front curvature in either or usually
both the x and y directions, i.e., C20 and/or C02 will differ appreciably
from zero. Expected values of these coefficients can be derived analytically !
and compared with results of the function fitting process applied to the

ray tracing OPD calculations. Agreement noted between analytically pre-

dicted and "function-fitting" calculated values is felt to be a confirmation

» of proper functioning of the computer program.
-

The primary experimental data regarding optical quality from tilted-

spherical mirror resonator are in the form of interferograms. While
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providing very previse and detailed information about the optical systems,

interferograms do not immediately (without an intervening measurement and
data~reduction process) lead to quantities predicted by the calculations.
For the purpose of comparing experiment and calculations, it, therefore,
seemed useful to convert the calculated OPD results into the form of com-
puter simulated quasi-interferograms. For this purpose, the computer
generates a fairly large (49 x 49) array of OPD's obtained by evaluation
of the truncated series expansion at each of the array points. The array
of numerical values is then converted to an array of alphabetic characters
or blanks and used to generate a one-page printer plot whose general
appearance simulates that of an interferogram. Successive characters of
the alphabet correspond to incremental OPD's of one wavelength (0.6328
micron). The interspersing of blanks with letters of the alphabet has
the result that (at least in the central portion of the plot) light areas
are interspersed with dark areas, and hence, simulate an interferogram.
An example of a computer generated quasi-interferogram is given in Figure

Zs
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Figure 2.
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A Typical Quasi-interferogram. Here L and 9, are properly
adjusted and reference beam tilt has its optfaal value.
Note the symmetry of the pattern, a property which was

found to be typical of proper adjustment of L and 8
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The computer program will optionally produce multiple quasi-inter-
gerograms, corresponding to a specified set of reference beam tilts, from
a single set of OPD calculations. The observed progression of shapes as
tilt is systematically varied has proven interesting and useful since,
of course, reference beam tilt can also be varied experimentally.

Inspection of quasi-interferograms leads to some interesting ob-
servations for a properly-aligned system (which was treated computationally
prior to investigating effects of incremented values of L and 62):

(1) There is symmetry in x, as would be expected since the entire
optical system is assumed to have such symmetry.

(2) For Z-type configurations, the pattern is symmetric in y to
a fairly high degree of approximation (the OPD's are approximately anti-
symmetric).

(3) For Z-type configurations there is a regular progression of
shapes as reference beam tilt is increased from zero to its optimal
value and beyond. Specifically, the pattern changes from a single central
oval to a pair of ovals, symmetrically spaced about y = 0, which move
further apart and are separated by an increasing number of fringes.

The properties just noted should be useful in experimental adjust-
ment of L and 82, since the symmetry in y seems to be a rather good
"signature." Calculations made with values of L and/or 62 which are in-
cremented from their ideal values produce quasi-interferograms which are
quite noticeably lacking in the y-symmetry property.

A number of calculations were made for 61 = 450, for various values

of AL and A92 (as well as reference beam tilts). One can reduce to zero

Wiew
L ]

the coefficient of either the x2 or y2 term by suitable choice of one of

-

the increments,(i.e., AL or AGZ), when the other is specified. Reduction
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x2 term shows up most clearly; one notes from the plot

to zero of the C20

that there is very little OPD variation along x for y = 0. When the co-

efficient of y2 is reduced to zero, the corresponding quasi-interferogram
is somewhat more involved, since there is still an appreciable amount

of aberration present associated with other expansion terms. What is
especially noticeable is that the y-symmetry is decidedly absent; this

emphasizes usefulness of the y-symmetry property in making experimental

adjustments. If one reverses the signs of both AL and A§ the y2 coefficient

20
still vanishes, there is still a lack of y-symmetry, and the plot is
essentially just the mirror image of the plot obtained without reversal
of signs. This mirror image property applies for any pair of magni-:udes
of AL and ASZ. In the special case of zero magnitudes cf both these in-
crements, the mirror image of the pattern is simply (to a rather good
approximation) identical with the pattern itself; that is to say, the y-
symmetry property is characteristic of proper adjustment of L and 82.
For cases where comparisons have been made, it appears that the

three~-dimensional ray tracing calculations predict optical quality para-

meters which are not greatly different from those obtained by the much

simpler approach based on the two-dimensional approximation. Some |
specifics will be given for one case. For the mirror parameters associated

with the experimental studies, three dimensional ray tracing calculations

have been carried out for a range of values of 91; results are listed in

Table II. These results may be directly compared with the two-dimensional

predictions of the same case as given in Table I. The 3D predictions of

the optimized rms OPD range from only some 25% to some 507 larger than

- 3‘?’“»}0 e

the 2D predictions.
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Table II.

Three-Dimensional Ray Tracing Predictions of Optical Path Differences,
in Microns, for a Z-configuration Travelling Wave Resonator with R1 =

-290 cm, R2 = 675 cm, L IE S = 7.62 cm, for Various Values of Convex

max

Mirror Tilt Angle 61.

The second column gives the center-to-edge values (taken along y
for x = 0); center-to-corner values are somewhat larger but are not
listed here. The third column gives the rms OPD for an ultilted refer-
ence plane, while the fouftﬁ column gives the rms OPD relative to an

optimally-tilted reference plane.

Bl(deg) ch zrms,nt zrms,opt i
10 0.393 0.230 0.091
20 0.855 0.496 0.194
30 1.481 0.848 0.330
45 3.171 1.764 0.678
50 4.171 2.287 0.876
55 5.626 3.031 1.157
60 7.892 4.159 1.582
70 19.450 95529 3.667
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Summary

] 1. A closed form expression was derived and confirmed for optical
path difference in a two-dimensional approximation as a function of

various resonator parameters.

2. The closed form expression was confirmed by numerical cal-
culations in both two and three dimensions.

3. It was found that the Z-type configuration is clearly to be
preferred to the U-type configuration as regards optical quality.

4. For the two-dimensional case, expressions were derived for the
root-mean-square optical path difference, which is the proper measure of
optical quality degradation. It was found that the rms deviation is
substantially less than the maximum deviation.

5. A computer program was prepared for three-dimensional ray
tracing calculations of optical path differences.

6. The 3D computer program was checked in various ways, including
comparison to separate 2D calculations, and comparison to analytical

predictions for effects of varying L and 82 from their proper values.

7. The 3D program was extended to extract Taylor's series ex-
pansion coefficients for OPD's and to use these to generate large (49 x
49) arrays of OPD's for various values of reference beam tilt angle.
8. The program was arranged to plot quasi-interferograms from the
large arrays of calculated OPD's.
9. Various effects were investigated by performing series of 3D
! computer runs.
; 10. For properly adjusted L and 92, the quasi-interferograms were
found to range from a central oval to a symmetrically arranged pair of

ovals as the reference beam tilt is increased.
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11. Improper adjustment of L was found to result in introduction
of wave front curvature of the same sign in both x and y coordinates.

12. Improper adjustment of 62 was found to result in introduction
of wave front curvature of opposite signs for x and y coordinates.

13. Reversal of sign of incremental values of L and 62 was found
to result in inverting the quasi-interferogram along the y dimension.

14. Proper adjustment of L and 62 was found to lead to quasi-
interferograms which are symmetric in y (as well as x). The y-symmetry
property seems to be a useful '"signature' for use in experimental adjust-
ments.

15. Numerical predictions were made for rms OPD variations for
selected cases. It was found that the full 3D rms OPD's were typically

some tens of percent larger than the 2D values.
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Section 1

Presented at SPIE Advances in Laser Technology 1978, Bellingham, Washington, March 1978.

GAS DYNAMIC AND ACOUSTIC MANAGEMENT FOR VISIBLE WAVELENGTH LASERS

2 Cornelius C. Shih
The University ot Alubama in Huntswille
Huntsviile, Alabama

and

Charles M. Cason
US Army Missile Rescarch and Development Command
Redhtone Arsenal, Alabaimg

Abstract

Criteria ior “luid and thermal propertics delincating the baseline [low homogeneity, such as those tfor
AL/T, aP/P, Ao/, and fU/U will be established. These are based on medium -optical characteristics and re-
quirements in terms of wavelength, pressure, and temperature of the gas medium associates with visible wave-
length lasers. o meet these criteria, various methods for conditioning the bascline {low {rom the stand-
point ol gas dymamic and acoustic technologies will be presented and discussci.  The merits of open and
closed cycles tor the basceline [low will be evaluated through consideration ol pas utilization efficiency
and component requirements.  These criteria become acoustic dominated for pulsed lasers.  The pul-o repeti-
“ion frequency required for a given laser defines the clearing time allowed to restore the original baseline
tlow. \ parallcl consideration becomes necessary to account for the pulsce input perturbation. Solutions to
dacoustic management problems must bhe obtained by considering all sources of roflection, acoustic characteris-
tics of open and closed cveles in terms of wave propagation, attcenuation, and dissipation.

Introduction

In recent yei:s, visible wavelength lasers of Krl, \e¥, and ileCl have wide-spread interest in the rieid of
high encrgy luscr technoloey because of the potential applications. These visible lasers with wavelenpths
rangiug from B, 2% to one micron arc generally known to attain lasing conditions suitably at the temperaturves
Sy S000K H“”k the concept of repetitively pulsed enerey input through the use of an electron: tvam or
self-sustained Jdischarge into the laser ¢ vity has been shown to be an ¢ftic rent and compact micans of achiev-
ing hivh power levels in Argon and leliwn at one to five atmospheric pressurcs. In such a system, the E-hoom,
throuv! < condarics, supplies direct pumpiny cnergy to Argon and also produces a plasma in the luscr cavity.
\cross the plasma, a sustainer voltage is applied at an adjusted field streneth to excite the laser states
with optimum punping. [f the lasing pulse duration is upproximately eaual to the relaxation time of the
lower lising state, the optimwn lasing output is achieved. On the other hand. shorter pulses will cause a
premature sclf-termination ot lasing process, and loneer pulses will result noeas heating and reduction of
the lower state capacity. The pulse duration is considered to be approximatcly one u  second for the gas
compos.tion and temperature ol interest.

In the operation of clectrically pulsed lasers, the abrupt deposition of cnergy in the laser media causes
the development of pressure and temperature variations. The resulting pressure and temperature gradients are
Ao\*nn~ltxi for producine acoustical perturbations. ntical beam quality iz known to he degraded by agous- |
.L;Jll\ praduced density fluctuations as noted by previous investigations particularly for (Q: lasers '4lsl=4»

W 6 fo avoid these defects, the hgltlnL of laser gases must he accomrodated by both applving a
palsed duty cycie of sutficient 'ux:tlon and imposing 1 flow of the zases through the cavity. Thecetore,
ctfficient operation of the visible waveleneth pulsed lasers reauires serious attention to vas dvnamic and
acoust . management of the laser media in the tlow systems.  The flow systons under consideration are cither
open (blow-down) or closed cycle (circulator) type. The power input for these lasers of interest i limited
practically at about 100 Joules per liter of cavity volume under various oncrational constraines, vhile the
length of laser cavity along the optical avis is chosen at 100 ¢m for present study.

This paper is intended to focus attention on technical issues nertinent to the gas dynamic and acoustic
management for the rlow systems of the hich power visible wavelength laser with repetitively pulsc ! modes of
operation under the above mentioned constrains on the laser parameters. Specilically, issues to be dis-
cussed are as follows: medium homogencity criteria; methodology of gas dvnamic and acoustic manavement of
the haseline flow; oerits of open and closed cycle flow systems

In this study, the energy deposition in the laser ¢as cavity is assumed to be for the duration of one u
second as the pumping boundary condition represcicacive of desirable c-beam, c-beam plus discharge, or ex-
ternally initiated [EA approaches. However, problems of clectric pumping, arcing limits. and Kinetic
detuails for specific electric discharge laser gas systems are not considered in the paper.
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Bascline I'low Homogeneity Criteria

Fluid and thermal propertics governing the baseline flow homogencitv of high power lasers are closely
associated with the radiation intensity ratio in defining the beam quality. The intensity ratio, I,-’lo in

the far field where Io refers to the diffraction limited far field central spot intensity and 1 denotes

the reduced intensity due to induced aberrations. For small r and down fluctuation, it is directlyv related
to the square of the mms fractional density fluctuation, &p/¢. Systematic, large-scale ordered variations
in the density, o, cause the optical pathlengths along the ray paths to vary, while smooth ordered
variations produced in the flow that causes a spatial tilt planc error in the phase front which is a
fundamental loss. Linear plane errors in the spatial phase, 4, can be corrected by careful resonator
mirror alignment to require the optical pathlengths along the ravs to be the same.

Relatively small randomized density fluctuations in the flow field can cause spatial phase, &, fluctuations
that have no simple temporal and spatial order. A qualitative estimate of the allowable (Ap/ [ be

made for small phase aberrations by use of the Strehl criterion,

= ravhy (A2 " _ oz )
Bl =exp (2.0 = 1= 82, (1
at the point that errors become significant because higher order temms are neelected in bq. 1, !/!o 7108

Specifying this optimizational point rcquires 1 - m 2 0.8. The spatial phase front criteria bhecomes

b < .O'UmS. where ) is the optical wavelength. Using this criteria to determine the maximum allowable rms

pathlength gives a useful medium quality parameter in terms of gas density viriation:

Ad8n/e) < DPUN pref/eR 2)
Ltdn/ ms — Irms /el ‘

- & z = . : 2 5
where L is the optical pathlength, for resonators with large out-coupling, Ty = n-1 where n is the
index of refraction, 8 the Gladstone-Dale constant, p the gas density, ¢ ref the density at Si1 condi-
tions. Using the given requirement for the medium quality for 2 atm tvpical visible laser mixtures vives

Héo/c\ms to be 3.2 x 107 %cm, $.5 x 107%cm and 1.2 x 10~ cm of Kr¥, Xel’, and 'eCl, respectively in Arvon
it 2 atm. Values of (L\.O/C)mh_ for most E-beam punped A, mixturcs are therefore approximately 10 * and
for TEA discharges in He (A.’.r/'rzlm\, is approximately 10* for L = 100 an.

Reducing the scale of the density fluctwitions turther reaches o point wherein the tar ficld intensity is

degraded by sgattcx'ing(O)’ ) 4 portion of theoptical beam from the resonator. This portion of the out-

| «t laser energy will appear as a very broad flattened background in the far field to be added to the pro-
purtionally reduced Fraunhoffer pattern.

The approximations used to determine the allowed (A¢/. ) e for specified values of L provide little

beyond a qualitative feel for high uain systems having large output coupline. Real cases may impose more
stringent (Ar;/a)m\_ requircments. Numerical calculations to correctly determine the phase-perturbed cavity
1

: ¢ : (0) : :

properties would be expensive and should he very carcfully planncd . liowever, the very important s)stems
advantage of the Helium diluent over Argon presents a flow medium quality of *o/; = 107" may he obtainable
for 100 an He mixtures.

The medium homogeneity is expresscd in acoustic terms for the two laser gases, llelium and \rgon at two
AT™M under the normal laser conditions. The 1‘;‘/’0)',”: for the two gases are expressed graphically in terms

of the driving sound pressure level in Figure 1. Tt shows that acoustical cnergy in Helium will produce
a lower MC/mm% than the same level in ARgon laser.

The criteria established in terms of An/e for various visible wavelenpth lascers (\WEL) are hasced on the
Scam quality requirements, and they are considerably restrictive, about two orders of magnitude higher
than thosc applied to the pulsed chemical lasers.  This unfavorable situation is ampliticd by the fact
that the flow Mach mumbers of about 0.5 for the WL arc noted to he larger than for most other pulsed DL,

studv considers the issues concerning the sources ol medium inhomogencity in the haseline flow due to
o pulsing as well as the gas dynamic and acoustic management of the perturbations has bhecn given in this

iy

Gas-Mmmnamic_and Acoustic Phenomena in the Pulsed Laser (peration

<1ty response to rapid volumetric heating takes place after lasing hecause the acoustic
tant relatively long, 30 to 100 ¢rsec.

. ' & Aaancws n Laser Technology Emphasizing Gaseous Lasers) (1978)
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T | R L r] I I TR | Il
itel ium
130 p= p=2 ATM
=
=
< 120 - Sl .
= ig. 1: Sound Pressure
e Argon Level Versus (Ao/n)ms
= pea AT for Helium and Argon at
= 2 atm.
7
s Lo
2 7
<
=
3
100 —
90 1 Lol b eyl
1073 1074 1073

-
f,,P,P;mS

Although it has been determined that this acoustically significant tempera-
ture rise occurs on a relatively long time comparing with the pulse Jduration of about 1: sec, but it is
short for significant changes in the liter size flow system at the cavity. Thus, the assumption of constant
volume heating of the gas in the cavity is reasonably justified tor the eas dvnamic analvsis of the flow
systems under the pulsed operation. The temperature rise coupled with pressurc =urge in the slug ~f laser
gas in the cavity generates the formation of shock waves and expansion waves which lead to the issuance of an
interface or so-called contact surface hetween them. Propagations and rcflections of these pressure waves
complicated by the existence of the interface separating the heated gas from the cold in the flow system
contribute the main source of thermo-acoustical problems in subscquent pulscs. Oualitative descriptions of
these thermo-acoustic phenomena are presented graphically in space vs. time plane in Figure 2 and in space
vs. thermod:mamic properties for various time frames in Figure 3. These graphical presentations were devel-
oped from numerical results of computer modeling of the laser gas flow system under pulsed operation bhased on
the method of characteristics. The computer code devises a simultaneous approximate solution of the coupled
state, continuity, momentum and energy equations including the effect of {riction for the time-dependent one-
dimensional flow of the pulsed laser gas system centered around the laser cavitv(8),

Sources of random medium inhomogeneity accumulatively contributes additive rms elements that degrades the
beam quality. It is expressed in terms of Ao/p as follows:

. 5 = e 1/2
Total (_“) = (ﬁﬂ) + (_.9) + (_) (3)
Pl e 0/ ms o/ rms BHErmS
Thermodynamics Turbulence Acoustics
4 <\ o , . :
( ig)' = (fj_) for temperaturc fluctuations in houndary lavers, interfaces N
I} o 2 HE and other flow components.
Thermodvnamics
Ap Il v { Mu : " 5
(1—) R Am = for ‘free stream turbulence ; (S)
ms i o/ ms
furbulence 5 g
s Co My 3 for boundary laver turbulence (6)
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interface

Normali:ed Time, '=ta

mpreceien
Shock

Normalized Distance, 7

Fhermodynamic Property Variations Versus

Fig. 2: Wave Propagation and Interaction e
Space for Various Time Frames

to Pulsed Energy I[nput

houndary laver displacement thickness
boundary laver characteristic length
1f: skin-friction coefficient
u_: average {low velocity in the cavity
M_: Mach nunber in the cavity
ms  longitudinal turbulent velocity fluctuation

(——) oy 1l for shock wave

L — NIy
\coustics ’

17(-2) for acoustic waves where e =l

In order to attain the beam auality required, the total (Ar/o must meet the criteria of 1077 for
Kr¥ and XeF in Argon and 107" for TEA discharges in flelium and HLH in Argon, respectivelv., Technical chal-
ienges are evident in the methodology for evas dynamic and acoustic management of these medium homogencity problems

From the quantitative vicewpoint of coxcessive energics remaining in the (low svstom to be managed, they
can he represented by the followine cquation derived rom the enerey balance and thermodvnamic relationships
of the flow system:

EES R = G R l/'] ¢ Acoustic Inergy Ratio (9)

Remaining Encrgv Ratio
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Acoustic eneray to he managed Fp o lasing encreyv outpit

!Zo: I'meray of the baseline flow, = ¢ T y & Speeific heat ratio

l'in Pulsed energy input

If

The above relationship is graphically presented in Figure 4 for varions y.  For the \WL of interest, the

)
i
»
|
|
? above fiquation 4 is modified in dimensional form with the given v of 1.67 and presented in Figure 5 with
l energy input in Joule/litre versus acoustic encrgy cfficiency, !'1,’1 o in percent for a range of energy input
! a : i3
€ peculiar to the \M,{‘). f
L
! Magnitudes of the remaining cnergies which must be managed arce known to be about 90% of the total cnergv
i input while about 10% of the energy becomes lased energy output from the cavity. [igure 5 shows that the
¢ acoustic energy is about 40% of the input energy. The remaining is the themmal cnergy which must he re
! moved by heat. exchangers. 1
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» Methodology of fias Dynamics and \coustic Managcment
. 3
| Since the main sources of inhemocencity arc originated from the turbulence, temperature fluctination, and
'y pressure waves, comt oo voresnective solution approaches to various sources will he  jven e fallows:
| .
.~ Turbulence
SR ]
I Effects of (ree stream turbulence on Yo/o mav be approximated be fauation 5
2
3
l . Au
— \ -
I - 2
' ms
§ " : u : ; ;
fhe velocity fluctuation, l“—‘ , can he considerably reduced by suppressing turbulence upstream of the
© s
laser cavity. The technique to suppress the turbulence has been well developed and proven offective particn-
larly in the wind tunnel practice. Use of damping screens suggested by Drvder (10) has heen accepted as

an effective method of turbulence suppression. Without application of anv turbulence manacement <vstem,
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velocity fluctuations in a closed cycle circulator could he at least 107 at a Mach number around 0.5. With
the use of properly designed contracting entrance to the cavity, and correctly sized screen packs, a sophis-
ticated turbulence management system could suppress the turbulence down to the level below 0.17. For

M_ = 0.5, Ao/p can be lowered to 0.125 x 10°% with some moderate effort in this problem arca.

Another source of turbulence exists in the boundary layers on the mirrors, their protective windows and
cavity walls. Since the Revnolds number of the flow in the cavity region is determined to be above 107,
using M_ = 0.5, the boundary layer is definitely turbulent. Numerous experiments on turbulent houndary
layers have confirmed that density fluctuations caused by boundary laver turbulence or eddies are larger than
those due to freestream turbulence. A simplified expression of the relationship is given by Fquation 6:

g1y

5*
Ap ~ . 2. QU
0 Cg g 9.
* -
Since Cfd = f(NRX, X) where NRx denotes the Reynolds number along the boundary laver, NRX = I? 5

X the space coordinate along the flow direction. A coarse estimate of Ac/c based on the value of C

c
from Schlichting(ll) for M_=0.5 and Npy = 107 becomes
-
L'c" = 05 107Y (10)

Equation 10 indicates that if the distance X from the virtual origin of the boundarv laver is less than
twice the boundary layer characteristic length which is comparable to the layer thickness, the fractional
density fluctuation can be kept under control even for Argon flows. In practice, this can he accomplished
by careful design of the cavity entrance or the application of boundary bleed along the cavity walls.

Temperature Fluctuations

The temperature rise in the heated slug of gas in the laser cavity after the pulsed energy input is ex-
pected to be about 30% of the original temperature for 100 Joules per liter of Fi and about 30% tor i = 200

Joules per litre. Since the temperature of the baseline flow, T, is cxpected to he ahout 3009, the thermal

energy added into the slug of gas does not exceed 200 Joules per litre. This amount of heat in the baseline
flow even at M_ = 0.5 is easily manageable with efficient light weight heat exchangers.

As for the temperature fluctuations in the boundary lavers at the mirrors, their protective windows, and
the cavity walls, a preliminary study shows that the temperature at the boundary surface could rise not
more than 10% for the boundary layer flow previously defined if A /p 1is to be limited under 107 Again
cooling the boundary surfaces can be accomplished with the existing means. Detailed analvsis of houndary
layers should be deferred unless found necessary from the experimental measurcments. The removal of input
energy is a problem for the closed cycle type but is no concern for the open cycle flow svstem.

Pressure Waves

Pressure waves generated due to the pulsed energy input at the cavity in the flow svstem include shock
waves and expansion waves. Realizing that propagation, reflection, transmission, and attenuation of these
waves must be treated at lcast with nonlincar acoustic thcory for the cnergy input ranpe of 100 to 300 Joules
per litre( 9); the concept and materials for the attenuater desien should he based on the nonlincar acoustic
consideration rather than the available lincar acoustic theory and data.

First Ao/p due to the shock wave is represented with the following cquation for v = 1.67, a typicaldiluent
gas. and Ms = 1.15 for Ei = 200 Joules per liter and &p/o = 0.403:

Ao 202 - 1)
5 ZeMir D e

\
Thus —— becomes 0.224 and obviously reauires attenuation of a strong measure.

On the other hand, Ap/p for acoustic waves under the isentropic process must he
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required.

Thus 22
p

must be less than 1.67 x 10°° in order that the medium homoceneity is acceptable.

Under these stringent rcquirements for acoustic management, an effort is currently in progress at the
University of Alabama in lluntsville to develop reactive attenuators such as a muffler with exponential
horns as shown in Figure 6. Attenuation characteristics of the muffler is presented in Figure 7 for fre-
quency versus attenuated dB. It shows that this particular tyvpe of muffler design will be effective in the
frequency range up to 1 KH2 and most effective in the 200 ~ 500 [IZ.

There arc many other reactive attenugtors and souynd absorbine materials for pressure damping or attenuation
as reported in numerous literatures (Y?%, (19?’ (?Hﬁ, ?ﬁS?. }lb)- and ‘}’). however it is important that the
attenuation characteristics with respect to the wave frequency must be carefully matched with the pressure
waves generated in the laser flow systems so that the attenuation will be effective.
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Fig. 6: Reactive Attenuator (Muffler) Fig. 7: Attenuation Characteristics in dB Versus
s I'requency of che Muffler
$ Consideration of Open Cvcle and Closed Cycle Flow Systems
For delivering the laser gas suitably conditioned to mecet homogeneity criteria at the cavity, a necessary
L flow system could be the open cvcle or the closed cycle tvpe. Choice of a svstem depends on various factors
i such as size and weight limitations, sources of gas supply, capabilities of gas dvnamic rnd acoustic manage-
: ment, lasing energy output, and pulse rate restriction.

Hiph energy laser technology has cained considerable advances in terms of experience, knowledge, design,
. and fabrication so far in the open cycle flow system for pulsed lasers through numerous projects such as
ABEL, Humdinger, CCEBL, etc.; however, the closed cycle flow svstem or circulator has not heen aprlied to
high power pulse lasers extensivelv to the authors’ knowledge, excent the one being developed by the Army
and being tested currently at Rocketdyne. Technical illustration and ecneral view of the Amv closed cvcie
gas recirculator are presented in Figures 8 and 9.

R, o

s y z : . R ; o

i Comparative evaluation of the two systems is rather prematurce at this time due to its lack of sufficient
L data for analvtical comparison; however, some of the sienificant comparative features of the two svstems are
- noteworthy for system development considerations.

|

Mpen Cvcle Flow Svstem

al No heat exchanger is required at downstream side of the cavity since the heated gas will be blown down
into the ambient.

‘+4 -

b) In the acoustic management, aside from proper application of resistive and reactive attenuators around the

cavity, serious attention he given to the possihle wave reflection of nonlinear nature at the system exit,
which may be a serious management problem.
¢) The weight and size of the total svstem including the gas suppiy may be less flexible for optimization.
z 1) The duration of operation mav be limited by the size of gas supply.
i e) The potential for higher repetitive pulse rate exists.
& £} Reconditioning or repurification ot the gas i< not reauired.
-
]
}
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stem

Closed Cycle Flow S

a) Economy in gas consumption and supply is cvident.

b) Gas dvnamic management of the laser gas in terms of reconditioning to desirable temperature, pressure,
velocity, and turbulence is a challenging task requirine additional heat exchancers.

c) Repurification of the gas may he required in some svstem depending on the rate of degradation and thermal
environment.

d) Acoustic management of the pressure waves is as difficult as that of the open cvcle tvpe, but it lacks the .
concern for the wave reflection from the exit.

e) Optimization of the system weight and size is more promising.
£) The pulse rate may be less {lexihle for increase.

ARMY CLOSED CYCLE GAS RECIRCULATOR

TURBONETICS SCF-10 ~ DIVERTER VALVE
compRESSOR—

-- BYPASS DUCT
~ FLOWMETER

CONTROL CONSOUE

Fig. 8 and 9: Technical Illustration and Cencral View
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Section 2
Presented at International Symnosium on Nonlinear Acoustics, Paris, France, July 3-6,1978

INVESTICATTION AND MANAGEMENT OF ACOUSTICAL WAVES IN CLOSED CYCLE HIGH
ENERGY PULSED LASERS

G. R. Karr and C. C. Shih
The University of Alabama in Huntsville
Huntsville, Alabama 35807

and

Charles Cason and A. H. Werkheiser
U. S. Army Missile Research and Development Command
Redstone Arsenal, Alabama 35809
Abstract
To investigate the acoustic problems in high energy, closed cycle,

pulsed lasers. a closed cycle system was fabricated and attached to an
existing E-beam controlled single pulse laser system. Electrical energy
was input to one atm. flowing gas mixture typical of that required by
CO2 and excimer lasers. A frequency power spectrum of the produced
acoustic pulse was measured and compared with the frequency power spectrum
of acoustic energy transmitted and reflected by the muffler. The results
showed the mufiler attenuated the input wave nearly 40 db at near 500 Hz

and 12 db at 5000 Hz.

En vue d'étudier les problémes acoustiques dans les lasers pulsés a
haute energie opérant en cycle ferm. un system a cycle fermé a été con-
struit et rattaché a un laser ovwérant en pulse unique et contrdlé par un
faisceau électronique. L'énergie électrique a été appliquée a un flow de
melange gazeur typique de celui exigé par les lasers CO, et excimer. Le
spectre de puissance de 1'impulsion acoustique produite a été mesiré et
comparé avec le spectre de puissance de 1'énergie acous!ique transmise wt
réfléchie par le déflecteur. Les résultats ucntrent que le déflecteur
atténue l'onde d'entrée par prés de 40 db autour de 500 Hz et par prés de

12 db autour de 5000 Hz.
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Introduction
The energy input into the cavity of a pulsed high energy gas laser

causes shock waves and expansion waves which propagate away from the

cavity and interact with system componentgfzﬁ%i; acoustical energy, if
unmanaged, will interact with gas in the cavity, thereby seriouslyv de-
grading the output laser beam quality. The work reported here describes
experiments which identify the nature of the acoustic environment and the
effectiveness of acoustic control devices in managing acoustic waves.

The sequence of operation of a pulsed high energy gas laser consists

of (1) the laser gas media flows into the cavityv region; (2) energy is
- y - 2 3 o :
deposited in the gas at a magnitude of 10~ - 10~ J/% in a total time of
’ -6 ; .
magnitude 10 “s; (3) shock waves and expansion waves travel throughout
5 :
the system at speeds of magnitude 10° m/s: (4) the process is repeated
as soon as new gas lasing media flows into the cavity. An experimental
program was initiated to investigate the nature of the acoustic energy
put into the laser gas and devices were tested which were designed to

remove these disturbances from the svstem.

Description of Experiment

Experiments were performed employing a high energy laser of the e-
beam electric discharge type having the capability of depositing energy
of the order 100-1000 J/% in a single pulse of order 10—65 duration. No
attempt was made to extract laser power from the syvstem and net power
input to the gas was assumed to cqual the electrical input to the cavity.

A closed cycle recirculating system was attached tc the laser to
move gas through the cavity region at a speed of about 3 m/s. Pressure
transducers capable of following the pressure rise associated with shock
waves were placed at four locations in the recirculation system. The
simultaneous output of all four transducers were recovded on photographs

: 1
of the four traces made on an oscilloscope.
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The recirculating system had provision for introducing acoustic
management devices into the recirculator flow. Devices employed included
honeycomb structures, screens, and a muffler designed to extract the
acoustic energy without introducing a pressure drop in the flow. Since
only the muffler proved effective in the tests parformed, the muffler

design and test results will be discussed in the following section.

Muffler Design

The acoustic wave produced by the laser input is represented approx-
imately as a square wave pressure pulse. Since the square wave can be
approximated by an infinite series of sine and cosine waves, a muffler
must be able to attenuate waves over a wide band in frequency in order
to be effective. An additional requirement for the muffler is that it
present a low pressure loss to the flow of gas since energv must be ex-

4 pended to counter any pressure drop. In order to satisfy the two major
requirements of the muffler, a horn coupled resonator was designed and
built. The resonator volume is placed outside the flow field so that
interference with the main flow is avoided. An exponential horn is used
to couple the resonator volume to the flow since this horn design has
the potential to act as a high pass filter. The muffler design is shown

in Figure 1.

Results
The pressure records were analyzed to find the nature of the acous-
tic energy produced by the laser pulsce and to determine the effectiveness
of the muffler in removing the acoustic disturbance. By analyzing the
.i record from two probes mounted a known distance apart, the traveling
acoustic wave could be accurately determined. This wave was examined for
its frequency content and the results of the power spectral analysis of

the laser produced acoustic wave is shown in Figure 2. The results show

85




| eiattn ittt

that the energy peaks in the 5000 Hz range with a sharp drop off on
both sides.

The pressure records were examined to find the effectiveness of the
muffler by examining the power spectrum of the wave leaving the muffler.
The results of the muffler effectiveness is given in Figure 3 which
shows that the muffler attenuated the input wave nearly 40 db at near
500 Hz and 12 db at 5000 Hz. The muffler is found to be effective and
to present no measurable pressure drop for the main flow due to the
straight pipe design.
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Section 3

Presented at the Joint Meeting of the Acoustical Society of America (ASA) and
the Acoustical Society of Japan (ASJ) in Honolulu Nov. 28-December 1, 1978

NON-LINEAR WAVE PROPAGATIONS IN A PULSED HICH ENERGY GAS LASER

C. C. SHIH AND G. R. KARR
The University of Alabama in Huntsville, Huntsville, Alabama

CHARLES CASON
US Army Missile Research and Development Command, Redstone Arsenal, Alabama

“VTRODUCTION

In the recent development of pulsed high energy lasers, problems of non-
linear waves of both acoustic and thermal nature propagating in the laser gas
media have attracted considerable research interest because of their effects on
the fractional density gradient which, in turn, relates to the optical quality
of laser beams. One of these lasers uses a closed cvcle circulator to provide
an acoustically and thermally conditioned flow of the laser gas suitable for
lasing at the laser cavity on a continuous basis of operation.

The closed cycle circulator consists of a compressor, heat exchangers,
acoustic attenuators, flow regulator and diverter, ducting, control and instru-
mentation systems along with a laser cavity for the purpose of maintaining a
recirculating flow of the laser gas. Reconditioning the laser gas with gas
dynamic, acoustic and thermodynamic means is necessitated by the abrupt deposition
of energy at a repetitive rate in the recirculating flow of laser gas at the
cavity, causing severe spacial and temporal variations of fluid and thermal
characteristics throughout the flow. These variations are results of shock
waves and expansion waves which propagate away from the cavity, following the
e-beam controlled pulsed energy discharge. The transient pressure, temperature,
and velocity gradients are responsible for producing acoustical and thermal
perturbations which are directly related to density fluctuations of the laser
media. Optical beam quality is known to be degraded by the density fluctuations
as noted by previous investigations particularly for CO, lasers(l‘s). Efficient
operation of the laser requires serious attention to gas dynamic, thermodynamic,
and acoustic management of the laser media in the recirculating flow system based
on meaningful measurements and analysis of fluid and thermal characteristics of
the flow in the pulsed laser operation.

A study has been made to determine the characteristics and propagation of
the waves generated by the input power pulse characteristic of high energy laser
systems. The study has consisted of an analytic prediction based on one-dimen-
sional flow theory and are also used to study the propagation and interaction of
the waves with the system.

The sequence of operation of a pulsed high energy gas laser consists of
(1) the laser gas media flows in the cavity region; (2) energy is deposited in
the gas at a magnitude of 102 - 103 J/% in a total time of magnitude 1072 s;

(3) lasing action and laser power extraction occur in total time of magnitude
10-6 s: (4) shock waves and expansion waves travel throughout the system at
speeds of magnitude 103 m/s; (5) the process is repeated by the pulse repetition
rate which is governed by the flow rate and time needed to dissipate waves.
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The quality and magnitude of the laser output is governed by the quality
of the flow present in the cavity just prior to the energv deposition. Thus,
waves which were generated by the previous laser pulse must be dissipated so
that the quality of the flow is not disturbed. The work reported here examines
the initial shape of waves generated by the pulse and the changes of this wave
as it propagates. This information will find application to the design of de-
vices to dissipate the wave energy by linear and nonlinear wave interactions.

THEORY

Since the energy deposition in high energy lasers in much faster than the
rate at which acoustic signals can travel typical cavity dimensions, the gas is
considered to be stationary during the energy input. The net energy into the
gas (total input energy minus the laser energy extracted) is then assumed to be
represented by an instaneaneous, constant volume heating process. The energy
deposition causes an instantaneous rise in pressure and temperature in the
cavity region. The pressure discontinuity causes shock waves to propagate both
upstream and downstream and corresponding expansion waves in towards the cavity
center. The expansion waves pass through the cavity and interact with each other
and with the hot cold gas interface left by the energy pulse.

These phenomena of nonlinear wave propagations imposed on the laser gas flow
are approximately modeled with a set of one-dimensional unsteady equations as
follows:

1 P u 90 Ju u 3A 1
— +— + + —- =
o ot 0 ox ax A ax ¥ (1 i
.
Ju Ju 1 oP fu |u
+ = - = —_— -
3t U B 2D )
de
ds = Cv —QI;-- R (3)
T p
and implicitly the rate of change of entropy may be a function as shown,
ds
St £Olx, B, Ay Uy S (4)
Numerically solving the above equations with the method of characteristics has i
yielded a one-dimensional description of the wave formation structure as shown on {
a time versus displacement plot given in Figure 1. One-dimensional unsteady gas !

dynamics is successfully employed to predict the pressures, temperatures, and
velocities in the various regions of interaction.
A computer program was prepared to solve the one-dimensional unsteady flow
§ equations. The program requires the initial pressure, P,, temperature T _, and
velocity, U,, of the gas and the net energy input to the gas, Q. This is suffi-
cient information to find the pressure and temperature resulting for the energy
input for constant volume heating as given by
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where  is the density and c_ the specific heat. The computer program then ob-
tains solutions for Pz, TZ' P3, T3, etc.

FUNDAMENTAL FREQUENCY DETERMINATION

The flow axis mode pressure waves are propagated from the generating ex-
citation cavity. Fundamental flow 3xis mode frequencies of the waves are esti-
mated to first order by the given cavity dimensions and propagation speed as
shown in the following equation for anm organ pipe open at both ends:

where f fenotes the flow axial mode frequency, C the wave propagation speed,
and 2 the excitation dimension along the flow. The fundamental flow axis fre-
quency can also be found approximately from the wave pressure trace recorded

in one experiment, using the equatioa below,

il
2

where T represents the period of overall pressure rise as shown in Figure 2.

In order to perform a detailed frequency spectrum analysis of the waves,
the method of Fourier Transform Analysis may be employed. A computer program
for performing the Fourier Transform Analysis coupled with a A-D converter
capable of providing a sufficiently high sampling rate, has been used to analyvze
the wave frequency spectrum.

Since the gas flow velocity in relatively small circulators is not negli-
gible when compared to the acoustic wave speed, and the pressure probes are
mounted stationary in the flow, a Doppler correction is required to the organ
pipe equation,

EXPERIMENTAL APPARATUS
1. Closed Cycle Circulator

The closed cycle circulator designed and fabricated for this study is
a 1-D simulation having a full scale flow axis dimension and a mirror optical
axis. Tt uses a controlled pulsed discharge that is capable of delivering
pulsed energy up to 500 Joules per liter in a single pulse of order 10-5 s
duration. The instrumentation system for transient flow measurements of flow
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axis characteristics may be determined at the preliminary level of the full size
circulator development. Transverse frequency mode components will be very high
in comparison to the flow axis modes. There was no attempt made to extract laser
power from the system. Net power input to the gas was assumed to equal the
electrical input to the cavity. The cavity region was tightly sealed in all
but the flow direction. The cavity had dimensions of 11 cm x 11 cm in the
planes perpendicular to the flow direction and a foil length of 45 cm in the flow
direction, but e-beam spreading added an additional 10 cm to this length.
Components of this circulator shown schematically in Figure 3 are listed

as follows: a blower (Dayton Model 4C108) with a 10 5/8 in. wheel driven by a
electric motor of one horsepower operated at 3450 RPM; PVC piping of 4 in. dia-
meter including 1 in. by-pass pipe; e-beam masks for containing the e-beam to
within a specified region of the casity; cavity structures to box in the dis-
charge region in the vertical and longitudinal directions; mufflers; reflectors,
The blower is capable of producing flows with velocities up to about 100 ft/sec

b by adjusting the by-pass pipe. Figure 3 also shows the relative locations of
instrumentation probes in section numbers. The e-beam svstem was manufactured
by Systems Science and Software of Hayward, California.

2. Instrumentation System

a) Pressure Measuring Instrument

The pressure transient of up to 10 psi was sensed bv the minigage
(Kistler Quartz Pressure Sensor Model 201B5) which gives a direct, high level,
voltage signal with less than 100 ohms output impedance and high frequency re-
sponse of 50 KHz and low frequency response of 0.005 Hz. The sensor then con-
verts the pressure into electrical voltage with bias of up to 11 + 2 volts.
The power required by the transducer to the readout equipment is transmitted
through the coupler over a single inexpensive cable. This eliminates all of
the inherent piezoelectric high impedance problems of electrical leakage, cable
noise and signal attentuation and allows the transducers to be used in contaminated
environments and with long and moving cables at low noise and without use of
charge amplifiers.

The calibration of the transducers was performed at the factorv, and the
values of the calibration were noted to be, on the average for all probes, 50
mv per psi for the pressure measurement up to 10 psi. The calibration curve
relating the voltage output and the pressure is noted to be linear to + 0.57%.

b) Temperature Measuring Instrument

Due to the extremely transient nature of temperature variation in
the recirculating flow as a result of the pulsed laser operation, a sensor of
high frequency response in excess of 500 Hz is considered necessary for the
temperature measurement. Search of an adequate sensor resulted in the selection
of a hot-wire sensor made of 0.00015 in. diameter tungsten wire coated with
platinum powdery film. The hot-wire sensor is connccted to the Temperature and
Switching Module (Thermo-Systems Model 1040) which is, in turn, connccted to the
power supply (Model 1031-10A).

The Module consists of a bridge circuit and amplitier in an open locop con-
figuration so the hot-wire sensor which is ordinarily used as an anemometer
probe can be switched to function as a resistance thermometer. Since there is
a linear proportionality between the voltage output and the temperature, the
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calibration can be simplyv performed by adjusting the zero and gain set potenti-
ometers to a desired temperature range using the calibrate pots of two temperatures.

c) Velocity Measuring Instrument 4

For the measurement of velocities, hot-wire probes the same as j
those used for the temperature measurement is applied. The probe is connected ‘
to the constant temperature anemometer module (Model 1010A). The amplified
output signal from the anemometer is sent to the Linearizer (Model 1005B) so
that the voltage signal is processed in such a way that it became linearly
related to velocity of the gas flow.

The use of these modules ensures the frequency response above 500 KHz with
power output as high as 1.5 amps. The noise associated with the anemometer is
noted to be less than 0.007% equivalent turbulent intensitv. Frequency response
to the Linearizer is found to be up to 400 KHz and the accuracy of linearization
can reach + 0.27%,

RESULTS o

The wave structure expected from one-dimensional unsteady flow theorv is
shown in Figures 1 and 4. The shock wave travels at a Mach number of between
1.1 to 1.5 causing pressure, temperature, density, and velocity rises which are
a function of the input energy level. The quantities remain constant until re-
duced by the expansion wave which has traveled from the outer edge of the cavity.
They then again remain constant until reduced by other expansion waves which
criss-cross the cavity region. The quantities and the times at which the waves
arrive at a point are predicted based on the one-dimensional theory, dimensions 1
of the davity, and the location of the probe. |

Figure 5 shows the recorded outputs of pressure, temperature, and velocity |
probes at various sections in the circulator for a typical firing. The first
gauge which is closest to the cavity region is seen to record the expected wave
form with sharply defined shock and expansion wave signals. The output of the
other two probes show, however, that the wave structure changes to simply a
sharp pressure rise followed by a smooth decay.

Figure 6 shows a plot of the results obtained for the pressure rise across
the shock wave as a function of input energy densityv. Also shown is a plot of
the results obtained from the one-dimensional computer program. The results
show general agreement with the theory. One source of error is due to non-
uniform energy deposition.

Figure 7 shows traces of pressure waves measured at position 7, Figure 3,
for two levels of power input, 54 and 34 J/?, respectively. Wave frequency
spectra of the two waves are also presented as a result of Fourier Transform
Analysis. A slight increase in the frequency at higher harmonics was noted due
to the decrease in power input. Nonlinear effects are not apparent at the
fundamental frequency.

Figure 8 presents pressure wave traces of a wave passing through a 90" bend
in the circulator. The wave forms before and after the bend are distinctively
altered mostly in the frequency spectra. The wave after the bend seems to re-
duce its fundamental frequency from about 280 Hz to 230 Hz. No effects are
noted at the fundamental frequency.

Figure 9 delineates the attenuation effects of a muffler. Results of the
frequency spectrum analysis demonstrate that the muffler is effective in reducing
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the wave pressure amplitude bv 19 dB in 5.5 flow diameters and changing the
frequency distribution at the higher harmonics.

Figure 10 presents temperature traces of the thermal pulse passing (see
Figure 1) through a resistive attenuator (Ceramic honeycomb) of 10 c¢m in thick-
ness. It shows the heat absorbing nature of the honevecomb, signifying that the
resistive acoustic attenuator may be used as a heat sink at the same time.
Forty cm of material was found to eliminate all traces of the thermal wave.

CONCLUSIONS

Based on the preliminary results of this study, some qualitative conclusions
may be deduced as follows:

a) Nonlinear characteristics of the acoustic waves for excimer levels of
input energy are best seen in the frequency distribution of acoustic energy
changes in the high harmonics due to the wave propagation in the duct, through
bends and mufflers.

b) Only minor changes are found in the fundamental frequency due to form
changes and propagation effects in the circulator.

c) Most of the energy is found to be stored in the fundamental frequency.

d) Design of the attenuators for closed cycle circulators should be
effective and conservatively based when the fundamental flow axis mode frequency
is used and linear acoustic methods are applied. Low pressure loss structures
providing about a 40 dB one way attenuation should be effective at relatively
high repetitively pulse rate applications.
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Section 4

Presented at Dynamic Flow Conference 1978 in Baltimore, Maryland, September 1978

Measurements of Fluid and Thermal Characteristics of
Recirculating Laser Gas Flows in a Closed Cvcle Circulator
for Pulsed Lasers

by

Cornelius C. Shih and Gerald R. Karr
The University of Alabama in Huntsville

and

Charles Cason
U. S. Army Missile Research and Development Cormand

Introduction

A closed cycle circulator associated with electrically pulsed lasers
consists of a compressor, heat exchangers, acoustic attenuators, flow re-
gulator and diverter, ducting, control and instrumentation systems along
with a laser cavity for the purpose of maintaining a recirculating flow
of laser gas suitably reconditioned for lasing at the cavity. Recondi-
tioning the laser gas with gas dynamic, acoustic and thermodynamic means
is necessitated by the abrupt deposition of energy at a repetitive rate
in the recirculating flow of laser gas at the cavity, causing severe spa-
cial and temporal variations of fluid and thermal characteristics through-
out the flow. The resulting pressure, temperature, and velocity gradients
are responsible for producing acoustical and thermal perturbations which
are directly related to density fluctuations of the laser media. Optical
beam quality is known to be degraded by the density fluctuations as noted
by previous investigations particularly for 002 1asers(l)’(2)’(3)’(4)’(5).
Therefore, design improvement as well as efficient operation of the lasers
requires serious attention to gas dynamic, thermodynamic, and acoustic
management of the laser media in the recirculating flow system based on

meaningful measurements and analysis of fluid and thermal characteristics

of the flow in the pulsed laser operation.
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This paper presents some of the efforts and findings pertaining to
the measurements of unsteady flow quantities, namely pressure, temperature
and velocity of the recirculating flow in the closed cvcle circulator at
various lccations for several levels of pulsed energy input. Special em-

phasis is made on the technique development for the measurement of temper-

ature fluctuations in the highly transient flow where high frequency re-

sponse of the instrument is required.

Experimental Apparatus

1) Closed Cycle Circulator
The closed cycle circulator designed and fabricated for this study
is of subscale size and intended for use with a single pulse generator
(S3 laser) capable of delivering pulse energy up to 500 Joules per litre,
so that the adequacy of the instrumentation system for transient flow
measurements of particular interest may be determined at the preliminary
level of the full size circulator development.

Components of this circulator shown schematically in Fig. 1, are
listed as follows: a blower (Dayton Model 4C108) with a 10 5/8 in. wheel
driven by a electric motor of one horsepower operated at 3450 RPM; PVC
piping of 4 in. diameter including 1 in. by-pass pipe; E-beam masks for
containing the E-beam to within a specified region of the cavity; cavity
structures to box-in the discharge region in the vertical and longitudinal

- directions: mufflers; reflectors. The blower is capable of producing flows

: with velocities up to about 100 ft/sec by adjusting the by-pass pipe.

; v 2) Instrumentation System
g : a) Pressure Measuring Instrument
-
Q 4 The pressure of up to 100 psi was sensed by the mini-gage which
gives a direct, high level, voltage signal with less than 100 ohms output
|
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impedance and high frequency response of 50 KHZ and low frequency recponse
of 0.005 HZ. The sensor then converts the pressure into electrical wvoltaze

with bias of up to 11 + 2 volts. The power required by the transducer to

the readout equipment is transmitted through the coupler over & single in-
expensive cable. This eliminates all of the inherent piezoelectric high
impedance problems of electrical leakage, cable noise and signal atcenuation

and allows the transducers to be used in contaminated environme:nt:

”n
o
3
O

with long and moving cables at low noise and without use of charge amplifiers.

The calibration of the transducers was performed at the factory, and
the values of the calibration were noted to be, on the average for all
probes, 50 mv per psi for the pressure measurement up to 100 psi. The
calibration curve relating the voltage output and the pressure is noted to
be quite linear.

b) Temperature Measuring Instrument
Due to the extremely transient nature of temperature variation

in the recirculating flow as a result of the pulsed laser operation, a
sensor of high frequency response in excess of 500 HZ is considered nec-
essary for the temperature measurement. Search of an adequate sensor re-
sulted in the selection of a hot-wire sensor made of 0.00015 in. diameter
tungsten wire coated with platinum powdery film. The hot-wire sensor is

‘ connected to the Temperature and Switching Module (Thermo-Systems Model
1040) which is in turn connected to the power supply (Model 1031-104).

The Module consists of a bridge circuit and amplifier in an open loop
configuration so the hot-wire sensor which is ordinarily used as an anemo-
meter probe can be switched to function as a resistance thermometer. Since
there is a linear proportionality between the voltage output and the temper-

ature, the calibration can be simply performed by adjusting the zero and
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gain set potentiometers to a desired temperature range using the calibrate
pots of two temperatures.
c) Velocity Measuring Instrument
For the measurement of velocities, hot-wire probes the same
as those used for the temperature measurement is applied. The probe is
connected to the constant temperature anemometer module (Model 1010A).
The amplified output signal from the anemometer is sent to the Linearizer

(Model 1005B) so that the voltage signal is processed in such a way that

it became linearly related to velocity of the gas flow.
- The use of these modules ensures the frequency response above 500 KHZ
with power output as high as 1.5 amps. The noise associated with the ane-
mometer is noted to be less that 0.007% equivalent turbulent intensity.
Frequency response to the Linearizer is found to be up to 400 KHZ and the
accuracy of linearizatiom can reach + 0.27%.
d) Calibration of Temperature Probes

Examination of preliminary experimental data of temperature
measurements of the flow laden with shock waves, thermal waves and acoustic
waves in the circulator resulted in a finding that the temperature probes
were not as sensitive as the pressure and velocity probes responding to
waves of high frequency or gradient. Thus, an extensive calibration of
the probes to relate the probe characteristics and environmental temperature
to the frequency response became necessary for establishing a corrective

procedure to ensure the measurement accuracy.

A calibration device consisting of a circular disc with two 1 in. by

1 in. windows at the opposite sides rotating at various fixed speeds, a

heated gas flow source and a probe support as shown in Fig. 2. Proper
adjustment of the flow temperature and rotation speed enabled the device
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to similate the thermal environments surrounding the probe for a given

duration due to the thermal waves and shock waves laden on the recirculating
flow.

Based on theoretical consideration of the probe characteristics, in-
strumental principles and thermal conditions of the flow, it was deduced
that the probe frequency response may be delineated bv the followin

(6) .

equation 2

o
o

Ts 1
i1 - 1+ K w (L)

where TS denotes the temperature sensed by the probe, Te the environmental
temperature, w the thermal wave frequency, and K the probe characteristic
coefficient expressed as a function of Te and w.
Results of the calibration are presented with the above parameters
and variables in Fig. 3. These calibration curves for various Te can be
applied for correcting the temperature measured by the probe. The coeffi-
cient K was found to be highly dependent on Te and w for a given probe.
Theoretically, it is known that the smaller the diameter of the probe,
the higher the frequency response.
e) Calibration of Velocity Probes
The probes were calibrated by using a Thermo-Systems Calibrator
Model 1125) following the furnished instructions. Results of the calibra-
tion were analvzed with the aid of a computer programmed for the standard
data analysis.
f) Data Recording System
To amplify and record experimental data from these measurements
with proper time sweep, Tektronix oscilloscope (Tvpe 564-3A74-3B3) with

menmory, equipped with a Polaroid camera, was employed.
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Presentation of Experimental Data

! " 3 . ; .
A typical test run involved the S~ laser znd recording temporal varia-

tions of pressure, temperature and velocity at various locations in the
circulator. In addition, the laser discharue currenr was monitored in
order to derermine the energy put into the laser mediz. For brevity, few
typical recorded data are traced from the oscillczrapn photos presented
in Figures 4, 5, and 6. ;

Figure 4 shows time-dependent pressure, wvelocitv and temperature at
Section 1 in the circulator recorded at Channels 1, 2 and 3, respectively.
The sweeping time of 2 m sec per div. in the cscilloscope was fast enough
to capture the shock wave propagating at the ach number of 1.1 in terms
of pressure, velocity and temperature.

Figure 5 depicts the passing of a thermal wave at Section 1. The
wave was measured to be traveling at about 100 ft. per sec. Diffusion of
the wave at the section was noted to be rather significant, resulting in a
considerable decrease in temperature (24°C) from the one (74°C) initiated

at the cavity. The volume of the heat gas was diffused to almost three

times the initial volume.
Figure 6 shows the decay of pressure waves across a muffler installed
in the circulator. More than 19 db in acoustic attenuation was noted for

this case.
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FLULD AND THERMAIL CHARACTERISTICS OF CLOSED CYCLE FLOW SYSTIEMS

FOR HIGH POWER LASERS

;
;. R. KARR AND C. €. Sl
The University of Alabama in Huntsville, Huntsville, Alabama

C. M. CASON AND VERNON AYRE
U. S. Army Missile Rescarch and Development Command, Redstone Arsenai, Alabama

ABSTRACT

In high power lasers of clectric discharpge Cvpe. fhe laser pas is recir-
culated in a closed cvele flow system similar to a subsonic wind tunpel inelud-
ing a laser cavity and heat exchangers.  Due to the high heat input at the
cavity during the laser operation, peculiar fiuaid and thermal characteristics
have been noted in the closed cyele flow svstoem.

This paper prescnts a study of these characteristics under steady tate
cnerating conditions for various heat input levels and flow parameters, using
computer calculation of a one-dimensional model. The computer prowram has in-
corporated the characteristics of a specific blower and heat exchanper desisg
and he gas properties of a typical €O, laser gas mixture. Thus, the steady
state operating conditions for a given heat input, a given inlet operating
pressure and given ambidnt coaditions for the heat exchangers have heen deter-
mined with the program. Also analvzed arce the operating characteristics of

the svstem for of f=design ‘conditions. Results ol the analvsis are prosented
in terms of velocity, density, temperature, and pressure distributions through-
out the system, compating with a set of standard, nominal operating conditions.
This comparison enables an understanding of the changing trends of fluid and
thermal characteristics due to the changes of heat input.

Results of this studv provide a desiun tool for the development of a high
power laser with optimum ef€icicncy. They alse serve as a basis for the in-
vestigation of unsteady phenomena using a quasi-steady method of analvsis.

INTRODUCT TON

The high power Tascer of clectrie discharpe type under this study has the
laser gas recirculating in a closed cyvele flow'system including. a laser cavity
and heat exchangers. s In the laser cavity section, the eloctric discharge in-
creases Lhe temperature of the laser gas mixture. This increase in temperature
will have the detvimental ef fect of filling the lower cnerpy levels of the €O
md resulting in brcakdown of the laser gain unless the pas is cooled or re-= ©
freshed. Recirenlating flow is necessary for sustaining a continuous perfor-
mance of the laser at high power levels without the need to provide large volumes
or gas.

Cooling of the laser gas at a pressure below atmospheric is primarily mana-
ged in this system by flow convection which replenish the cavity with cooled
2as which has been recveled through the heat exchangers.  This mothod of cooling
is superior to the blow=down type or open cyele system from the standpoint of
gas cconomy and other vn‘;'.inv«‘rins: considerations.
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The closed cycle flow system is basically similar to a subsonic wind tunnel
t but differs from it becanse of the scevere heating and cooling of the rocircala-
ting gas under the low operating pressurc.,  Main [features of the svstem are the
heating that occurs in the cavity region, the cooling that occeurs in the dgeat
exchangers, and the blowers which maintain the low.

The objectives of this study are:  to develop a computer model which is
b . capable of calculating Fluid and thermal conditions of the recirenlating Mlow
at various stations in the closed cvele and which s capable of simulating major
element arrangements and ranges of input paramceters: to verify the model with
experimental data collected rom a limited experiment to evaluate icasibility
of the recycling concept: and to estimate the limit of the operating range of
such a system.

METHOD 3

Coupling the onc-dimensional cquations of continaity, motion, cnergyv, hest
. transfer for heat exchangers, compressor performance, and gas kinetics at the
laser cavity, a computer program was developed to perform caleulations con-
verging on a steady-state operation solution for a closed cycle flow svstoem
l defined in terms of-laser output power and efficiency, pas composition, tunnel
heat exchangers, and external radiators, tunncl dimensions, ditfuscr pressure
loss coefficients, blower performance data, coolant flow rates, and 2 definition
of the external heat sources couples to the coolant tlow. The steads state
i solution is obtained for a fixed inlet densitv or pressure at the cavity en-
trance. A simplificed flow chart of the computer program is presented in Figure
1 to describe the flow of calculations. il
With reference to the flow chart in Figure 1, the calculation is started bv
inputs of initial assumagd values throughout the svstem,  Since the steady state

operating characteristics arc dependent upon the svstem performance, onlv one
flow variable can be specificd at one location in the svstem.  In manv high
energy systems, the cavitvy inlct pressure or densitv is used to control the
svstem and that is whv one of these properties is chosen as specificd to beain
the calculation. Basgd on the assumed input flow paramcters, the gas thermo-
dvnamic and phvsical properties arce calculated and all heat exchanger friction
factors and heat transfer coefficients are computed.

The gas enters the cavity region and is subjected to the scvere heating
characteristic of high energy laser system. The cavity arca change in the flow
dircction may be of arbitrary shape or one which provides for constant Mach num=
ber through the cavitv region. The duct flow losses and heat exchanger induced
changes in pressure and temperature are calculated. Porformance curves of the
blower then provides values for the outlet pressure and temperatuce for assumed
mass flow rate. Additio.al duct flow and heat exchanger losses nre calealated
to give flow properkics at the cavity inlet. [If the caleulated and assumed
inlet propertics differ, a new flow rate and inlet temperature is chosen and
f

he process repeated ant il converpgence is oreached. Computation of MG i
.

stance ave in= |

balance and blower total pressave matehing with the svatem res
cluded. Specific heats, viscositv, and heat transfor coefficients are recaleu- |
fated as the computation procoeds,

e With the ambicent air temperature, pressurce, and relative humidity sgiven,

convergence of the caleulations is attained when changes in 16 gvstem temperatures

and supplementary pressure, density, temperature, velocity, and Mach number loops

-
3

i, fall within prespecilticd tolerances. The closed cvele flow svstem under study
is shown schematically in Figure 2, with the identilication numbers represent ing
- the stations where computer caleulations are pertormed, '

In the numerical scheme of solving the ot of heat=batance and low cquat fons
represent ing the laser gas low recirealating with a heat input at the eavity,
the Wegstein method of iteration was emploved along with the initial forcing
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condition that inlct parameters arce cqual to outlet parameters in the closed
loop. When the inlet flow conditions are tixed, the laser power output and
efficiency, liquid coolant flow rate, pas propertics and system geomolry arc
determined, then a solution for the required heat exchanger effectiveness as
well as the number of heat transfer units, and for the blower pressure ratio
can be deduced.

RESULTS

Simulation of a high encrpy CO, clectric discharge lascer with an ce=beam was
emploved to illustrate the steady State operation of such a sysivm. The results
are presented in Figures 3 through 7 for the svstem velocity, density, total
temperatures, static pressure, and total pressuare, respectivelv,  The inlet
static pressure is kept the same in these rvesolts,

Figure 3 shows the velocity values obtained from the steady state progeran
for 3 ranges of heat deposited in the cavity region (zero, nominal, and twice
nominal). The velocity at the cavity inlet for the nominal case is used to non-
dimensionalize the results which are plotted relative to the Tocation arvound
the recirculation svstem. At the bottom of the Tigure is a drawing of the one-
dimensional cross section of the system used in the computation. The cavity
cross section was taken as constant for the results presented here.  The heat
addition at the cavity is seen to cause increased velocity in the svstem up to
the first heat exchanger. The high velocitv/high temperature gas encountoers
increased resistance at the [irst heat exchanger as the heat input to the svstem
is increased. 9 s

Figure 4 shows the values of density throughout the svstem with the density
at the cavity inlet for the nominal-heat case used to non-dimensionalize the
rosults. The results shhw that the total integrated mass in Lhe svetem decreases
as the heat input to the cavity is inercased. During start up of the svstem
from a zero heat input to the cavity, the results show that gas wili have to be
taken from the system if constant inlet pressure is used as a control tor the
systoem.

Figure 5 shows a plot of the total temperature throuphout the svstem using
a format similar to :Xigures 3 and 4. As cxpected, heat deposited in the cavity
causes an increase in the total temperature of the gas.  The first heat ex-
changer removes the majoritv of the heat in the example considered here.  The
blower is scen to fadrease the total temperature of the gas. This temperature
rise is removed bv the scecond heat exchanger,

Figure 6 shows a plot of the static pressure throughout the svstem for the
three heating cases. The pressure at Station 1 is the same for, all the cases.
Limited experimental data was available from the system under simulation and
the results are shown on this figure by the dark circles.  The results show
goad agreement for the' zero heat case except neav Station 3 which is the repion
of the 1809 turning of the flow. .

Figure 7 shows the results of the computer simulation for tatal proessure
for the zero and nominal heating casc only. The major losses in the svstem with
no heating are scen to be at the two heat exchanpers,  The loasses jn the ducts
and turning rwuionq‘nfv sceen to be small.  For the nominal heating case, thoere
is an added significant loss of total pressure in the cavity region which the
blower must overcome. The heating in the cavity acts as a load on the svstem
which requires added blower power.

Figures 8 and 9 arec results of the investigation of the effect
conditions for off nominal heating and inlet pressure, respectivelsy, in UVigure
8, the inlet pressurce is held constant as the heat input is varied., The re-

on overating

sulting changes in inlwl.vnlurity. temperature, and massg (low rate are plotted
as a function of the variation in heating. The results of Figare 8 show that
the velocity and mass (low rate decrease while the temperature of the inlet
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condition that inlet parameters arce cqual to outlet parameters in the closed
loop. When the inlet flow conditions are fixed, the lascer power output and
efficiencyv, liquid coolant flow rate, gas propertics and system geometry are
determined, then a solution for the required heat exchanger effectiveness as
well as the number of heat transfer units, and for the blower pressure ratio
can be deduced.

.

RESULTS

Simulation of a high ecncrpy C07 clectric discharge laser with an e=beam was
emploved te illustrate the steadv State operation of such a system.  The results
are presented in Figures 3 through 7 for the svatem velocity, density, total
temperatures, static pressure, and total pressare, respectivelv.e  The inlet
static pressure is kept the same in these rvesalts.

Figure 3 shows the velocity values obtained from the steady state program
for 3 ranges of heat deposited in the cavity region (zero, nominal, and twice
nominal). The velocity at the cavity inlet for the nominal case is used to non-
dimensionalize the results which are plotted relative to the location around
the recirculation svstem. At the bottom of the figure is a drawing of the one-
dimensional cross section of the svstem used in the computation. The cavity
cross section was taken as constant for the results presented here.  The heat
addition at the cavity is seen to cause increasced velocity in the svstem up Lo
the first heat exchanger. The high velocitv/high temperature gas cncounters
increased resistance at the [irst heat exchanger as the heat input to the svstem
is increased. S

Figure 4 shows the values of density throughout the svastem with the density
at the cavity inlet for the nominal-=heat easce used to non=dimensionalize the
rosults. The results shbhw that the total integrated mass in the svetem decreases
as the heat input to the cavity is increased. During start up of the svstem
from a zero heat input to ‘the cavity, the results show that gas will have to be
taken from the system if constant inlet pressure is used as a control tor the
system.

Figure 5 shows a plot of the total temperature throughout the svstem using
a format similar to:Figures 3 and 4. As cxpected, heat deposited in the cavity
causes an increase in the total temperature of the gas.  The first heat ex-
changer removes the majoritv of the heat in the example considered here.  The
blower is seen to indrease the total temperature of the gas.  This temperature
rise is removed bv the sccond heat exchanger.

Figure 6 shows a plot of the static pressure throughout the svstem for the
three heating cases. The pressure at Station 1 is the same for,all the cases.
Limited experimental datn was available from the svstem under simulation and
the results are shown on this figure by the dark circles.  The results show
ggood agreement for the' zero heat case except near Station 3 which is the repion
of the 1809 turning of the flow.

.
Figure 7 shows the results of the computer simulation for total pressure
" . we % . . .
for the zero and nominal heating case only.  The major losses in the svstem with

no heating are scen to be at the two heat exchangers.  The losses in the ducets
and turning rv;;inns‘:n:v seen to be small.  For the nominal heating case, there
is an added significant loss of total pressure in the cavity region which the
blower must overcome. The heating in the cavity acts as a load on the svstem
which requires added blower power.

Figures 8 and 9 arc results of the investigation of the effect on opverating
conditions for off nominal heating and inlet pressure, respectively. In Figure
8, the inlet pressure is held constant as the heat input is varied. The re-
sulting changes in inlt‘t“:«'lm'ilj:. temperature, and mass (low riate are plotted
as a function of the variation in heating., The results of Fignre 8 show that
the velocity and mass flow rate decrease while the temperature of the inlet
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gas increases as the heat input to the cavity is increased.

Figure 9 shows the results on velocity, temperature, and mass (low ratoe
(for constant cavity heating at the nominal value) as the inlet pressuare varies,
The results show that all three quantitics increase as the pressure at (he
cavity inlet is allowed to increase.

CONCLUSTONS

The results presented in dimensionless form for gencral application serve
as an important tool in the engineering design of high cnergy lascr svstem.
The results also provide an wmderstanding of the means for controliing inloet
conditions which, in turan, control the laser outpul performance,  For cxanple,
Figures 8 and 9 reveal that inlet temperature control requires pressure and
heat input variation of opposite sign for stable control.
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APPENDIX A

Typical PIEZOTRON® Pressure Sensing System
, £ - COUPLER ; LT |
i ol e o A e
201 SERIES MINI-GAGE S et o S 4 oE
! i L s | AT
| L | 128M (x) CABLE ‘ |
Lo i i
‘ _: | ’ 0 0 O [
Eooae i 1
{ l —— - - —
201 TRANSDUCER READOUT
Couplers
To complete the system a wide choice of couplers is offered in the 548 and 549
series. Optional filters and several types of power inputs are available. Model 587D
Coupler provides increased capatility. Please refer to our Coupler Data Sheet for
details.
In addition Models 583, 503D and 504D Lahoratory Amplifiers are offered with
extensive versatility and many options for more complete pressure studies.
' Specifications Model Variation
+ PERFORMANCE UNITS 20181 20182 20184 20185
H Pressure Range, 5V out ...... psi 5,000 500 200 100 :
v OVerrange ----. ccceecccccee. psi 7,500 750 300 150 :
Resolution (n0Ise) «ceceee ... psi rms 0.05 0.005 0.002 0.001 i
i Maximum Pressure ........... psi 15,000 5,000 2,000 1,000
E Sensitivity __ o oo eeeeeos mV/psi 1 10 25 © 50 |
J Linearity, BFS.L. e % =1 R : =1 =1 ! |
§ Resonant Frequency, nom. ... kHz 500 500 500 250 |
Rise Time, 10-80% -occeee-.. N sec 1 1 1 2 |
Time Constant, R.T. _________. sec 1,500 400 200 100
i Low Frequency Response, —5% Hz 0.0003 0.001 0.0025 0.005
. High Frequency Response, +-5% Hz 100,000 100,00C 100,000 50,000 :
»  ENVIRONMENTAL Common Specs 3
¢ Vibration Senwitivity, max. ___. psi/g 0.002 0.002 0.002 0.002 : '
Shock, 1 M8 oo cceeeeeae g 6,000 5,000 5,000 5.000 |
Vibration Limif oo g 500 500 500 500 X
¢ Temperature Range ...._...... F —65 to 280 —65 to 280 —65 to 280 —65 to 280 {
Temperature Sensitivity Shift ... / F 0.03% 0.03% 0.03% 0.03% |
+ ELECTRICAL |
: Output Current, min. ... mA 2 2 2 2 |
, Polarity, pressure Increase ... Negative Negative Negative Negative |
/! Bias VONAGEe —oveccoomaaan v 1 =2 11 %2 11 +2 11 *2 i
' Circuit ROtUM o ceeeccceeae-e Case Case Case Case |
, Output Impedance, max. ... ohms 100 100 100 100 |
o ,  MECHANICAL ‘
¢ WIRM sosassssnmoninsssnw - gms <10 <10 <10 <10 i
Case and Diaphragm Material . Stainless St. Stainless St. Stainless St. Gtainless St. ¢
F Mounting TOrquU® weeccecence-- in-Ib 24 24 24 24 i
' Sealing - cceeea.. PSR —— All Welded All Welded All Welded All Welded
| ! POWER SUPPLY 4
) 4 Constant Current Source -..... mA 4 =1 4 =1 4 =1 41 ! |
H Supply Ripple, max. _._....... mV rms 25 25 25 25 |
v L Supply Voltage, no load _..... vDC 20-30 20-30 20-30 20-30 =
*‘ Source Impedance, Noffi. ... ohms 250 k 250 k 250 k 250 k. 1
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Reference Date of Blower Muffler Energy of
Number Test Status Location Pressure Temperature Velocity Pulse, J

5381 6/26/78 Off 2 1,6,5A 7 33.80
5382 H Ooff i 1,6,5.5 7 106.4045
5400 Ooff f 1,6,5A 7 56.59535
5402 Off 4 1,6,5A 1 49.01

l 5403 On L 1,6,5A 1 34.06202
5408 7/11/78 On iy 1,5A,6 1 71.70709
5410 " Off 2 1,5.5,6 2 64.22

I 5411 £ On . 1,6,5.5 2 72.67
5412 " Off s 146,545 2 67.6

I 5413 . Off i 1,6,5.5 7 67.6
5414 oy Off b 1,6,5.5 3 60.84

’ 5415 ’ On g 1,6,5:5 3 57.46
5416 ok On " 1,6,5.5 3 72.67
5420 " off b 1,6,5A 7 23.66

) 5421 i Off i 1,6,5A 7 57.46
5422 " On i 1,6,5A 7 60.84
5423 " On " 6,5A,4 7 60.84
5424 4 L 1565545 3 64.22
5425 v off . 1,645 5 62.53
5426 " On " 1,6,5 5 64.22
5427 i Of f - 1,6,5 5 62.53
5428 i On - 1,6,5 5 67.60

, 5430 L On - 1,6,5 5 37.18

| 5431 " Off - 1,6,5 4 54.08
5433 " On - 1,6,5 4 595LS

I 5435 i Off - 16,545 3 59.15
5436 - On - 1465955 3 65.91

1 5437 s On - LyBy5.5 3 65.91

x 5438 L Off - 1,659 2 60.84%
5439 s On - 1,6,5 2 64.22%

I 5441 = On - 1,6,5 g 72.67%
5443 i off - 1,6,5 1 67.60%

l
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Reference Date of Blower Muffler Energy of
Number Test Status Location Pressure Temperature Velocity Pulse, J
5444 7/11/78 - 1,6,5 1 - 77.74%
5445 " On - 1,6,5 1 - 77.74%
5446 L On - 1,6,5 1 - 67.60%
5448 7/12/78 On 2 1,5,6 1 ~ 60.84
5449 e Of f 2 1,6,5 2 - 55.77
5450 i Off - 1,5,6 2 - 64.22
5451 M On - 1,5,6 2 - 59.15
5452 * Off - 1,5,6 3 - 64.22
5453 o On - 1,5,6 3 - 67.60

5454 - On - 1,5,6 3 - 74.93643
5456 i off - 1,5,6 4 - 67.60
5457 e On - 1,5.,6 4 - 64.22
5459 s On 1,2 1,5,6 4 - 72.67
5460 " Off b 4,6,5 5 - 60.84%
5461 £ Off i 4,6,5 5 - 62.53%
5462 s On i 4,6,5 4 - 64.22%
5463 M On * 4,6,5 5 - 57.46
5464 i off o 4,6,5 6 - 57.46
5466 e On " 4,6,5 6 - 57.46
5467 e On " 4,6,5 6 - 57.46
5468 & Off i 4,6,5 1 - 60.84
5469 " On o 4,6,5 1 - 60.84
5470 & On 1 1,6,5A 1 - 55.77
5471 " On i 4,6,5 1 - 64.22
5472 * On b 4,6,5 1 - 67.60
5473 " 1 4,6,5 1 - 60.84
5474 Y 1 4,6,5 1 - 67.60
5475 e On 1 4,6,5 1 - 62.53
5476 # On 1 4,6,5 1 - 64.22
5477 " 1 4,6,5 2 - 46.475
5478 = On 1 4,6,5 2 - 60.84
5479 " On 1 4,6,5 2 - 59.15
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Reference Date of Blower Muffler Energy of
Number Test Status Location Pressure Temperature Velocity Pulse, J
5480 7/12/78 Off 1 4,6,5 3 - 59.15
5481 i Off 1 4,6,5 3 - 55.77
5482 s On 1 4,6,5 8 - 59.15
5483 e On 1 4,6,5 3 - 66.755
: 5484 & On 1 4,6,5 4 - 65.91
] 5485 " 1 4,6,5 5 - 60.84
5486 " Of f 1 4,6,5 5 - 64.22
5491 y Off 1 4,6,5 4 - 62.53
5492 & On 1 4,6,5 4 - 54.08
5493 " 1 4,7,5 7 - 64.22
5494 o On 1 4,7,5 7 - 64.22
i 5496 " Of f 1 4,7,5 7 H 33.80
: 5497 = Off 1 4,7,5 7 - 54.08
5498 e Off 1 45745 7 - 50.70
5500 b Off 1 4,7,5 4 - 54.08
5501 4 Of f i 4,7,5 4 - 54.08
5502 & On 1 4,7,5 4 - 62.53
i 5503 5 On 1 4,7,5 4 - 69.29
5504 " On 1 4,7,5 4 - 70.135
: 5505 i On 1 45755 5 - 67.60
5506 3 On 1 &,7,5 5 - 65.065
5507 1 On 1 EEE 5 - 70.135
5508 " Off 1 4,15 5 - 65.91
5509 0 Off 1 4,7,5 5 - 54.08
- 5512 " On 1 4,75 4 - 64.22
\ 5517 7/14/78 On 1 4,5 4 1 65.065
5518 . On 1 4,5 5 1 39,711
) 5519 " On 1 445 5 4 87.035
e 5521 " on 1 4,5 5 4 67.60
: T 5522 - On 1 4,5 S 4 80.275
g - 5523 " On 1 4,5 4 5 67.60
3
| 1
* Assumed Value
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PVC Circulator Experimental Data

Analyzed Data:

Page _]135
No. 5381
Date 26 June 1973

Gun Data

1. Upper Trace
Voltage lusec/div
Time Scale 1V /div

Inverted? No

2. Lower Trace

Voltage 5V /div

Time Scale lusec /div

Inverted? Yes

Attenuation

Voltages
Pl Ch. 1 9,p2v /div
P, Ch. 2 p.02y /div
PSA Ch. 3 0.02V /div

T, Ch. 4 _0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.9kV

Flow? On ( Q&.B

Gas Type X\

Notes: 1 muffler only

E = 33.80

NN\E




PVC Circulator Experimental Data

Analyzed Data:

¢

Page 136
Ne. 5382
Date 26 June 1973

Gun Data
1. Upper Trace
Voltage500mv/div

Time Scale500nse¢div

Inverted?(Yes; No

2. Lower Trace
Voltage 2V /div

Time Scale3)0nseédiv

Inverted? Yes

Attenuation

Voltages

Pl Ch. 1 0.02V /div

P6 Ch. 2 _0.02V_/div

PS.SCh' 3 0.02v /div

Ch. 4 _0.05v /div

Time Scale 2msec /div

Sustainer Voltage 26.2kV

Flow? Omn

Gas Type N2

Notes:

-

Fe~

L mem— —

E‘"- -




PVC Circulator Experimental Data

Page 137
No. 5400
Date
Gun Data

=

Upper Trace
Voltage v /div

Time Scale 2usec/div
Inverted? Qes\.‘; No

Lower Trace

~N

Voltage 5V /div
Time Scale500nsetdiv
Inverted? Yes (No

Attenuation

Voltages

P1 Ch. 1 _0.02V /div

P6 Ch. 2 _0.02V /div

T7 Ch. 3 0.10V /div

h. 4 i
PSACH 0.02v /div

Time Scale2msec /div

Sustainer Voltage 28.8kV

Flow? On

Gas Type _N,

|
|
t

Notes:

Analyzed Data:

E = 56.59535

o ey

PR 7 -Sd

I —
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PVC Circulator Experimental Data

Analyzed Data:

E = 49.01

Page 138
No. 5402

Date

Gun Data

1. Upper Trace
Voltage 1V_ /div
Time Scale 2ygec/div

Inverted? No

2. Lower Trace
Voltage 5V /div
Time Scale500nseédiv

Inverted? Yes

Attenuation

Voltages

Pl Ch. 1 _0.02v /div

P6 Ch. 2 0,02y /div
.05V i

PSA Ch. 3 0.05V /div

Ch. 4 0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.9kV

Flow? On (Ofﬁj

Gas Type _N,
Notes: ﬂ
1
i
i
1
SA
NS $
S fesalanmah
PI
Tl
om—— " ——




PVC Circulator Experimental Data
i Page _139
! No. 5403
Date

Gun Data

1. Upper Trace
Voltage ]y /div
Time Scale 2usec /div

Inverted? (Yes) No

2. Lower Trace
Voltage 5V /div
Time Scale 500nsec/div

Py
Inverted? Yes (39)

Attenuation

Voltages
P, Ch. 1 0.02V /div |
P, Ch. 2 0.02v /div
N Ch. 3Q.02v /div

Tl Ch. 4 9. g5y /div

Time Scale 2msec /div
Sustainer Voltage 26.0kV
Flow? (On) Off

Gas Type N
yp \2

3
»—_—

Notes:

Analyzed Data:

E = 34.06202 =P

: W
— g e - —

3
|
.

-

..-‘!*;";r:;




PVC Circulator Experimental Data

Analyzed Data:

Page 140
No. 5408
Date T July 1978

Gun Data

1. Upper Trace
Voltage 1V_ /div
Time Scale2usec /div

Inverted? No

2. Lower Trace
Voltage 2y /div
Time Scaleigggggc/div
Inverted? Yes (SE}

Attenuation

Voltages

Pl Ch. 1 0.02V /div

2 ) :
P,Ch. 2 _0.02V /div
P, Ch. 3 0.02V /div

T, Ch. 4 _0.05V /div

Time Scalel2msec /div
Sustainer Voltage 26.7kV
Flow? (Oxy Off

T N
Gas Type G P—
Notes:

T

{

I

4

RV MBI ARt M 5 g S
» "




Analyzed Data:

s i S

-n

.
& s i o  we B » — - -t

PVC Circulator Experimental Data

E = 64.

22

Page 141
No. 5410

Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 1V _ /div
Time Scale 2usecd/div

Inverted?(Yes) No

2. Lower Trace
Voltage 2v_/div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages

P1 Ch. 1 _0.02V /div

P5 Ghi. 2 0,02V /div
«D
Pé Ch. 3 0.02V /div

TZ Ch. 4 _0.05V /div

Time Scalepgec /div

Sustainer Voltage 25.8kV

Flow? On (Off)

Gas Type N:
Notes:

b




g -

PVC Circulator Experimental Data

Analyzed Data:

Page 143
No. 5412
Date 11 July 1978

Gun Data
1. Upper Trace
Voltage 1V _/div

Time Scale 2usec /div

Inverted?(Yes} No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (gg\

Attenuation

Voltages
P, Ch. 1 0002V /div
P. Ch. 2 0.02V /diwv
P. .Ch. 3 0.02V /div
Shs! ——
T, Ch. 4 0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.8

Flow? On ( Off)

Gas Type NZ
Notes:

E = 67.6




PVYC Circulator Experimental Data

Page 144
No. 2413
pate 1L July 1973

Gun Data

1. Upper Trace
Voltage 1V /div
Time Scale2psec /div

Inverted? Ye_S) No

2. Lower Trace
Voltage 2V_ /div
ime Scale 500nsec/div
Inverted? Yes (Noy

Attenuation

Voltages

Pl Ch. 1 _0.02v /div

Pg Ch. 2 _0.02V /div

5 .
PS.SCh° 3 0.02V /div

T7 Ch. 4 0.05V /div

Time Scale 2msec /div
Sustainer Voltage 25.8
Flow? On @

Gas Type .\‘_3

Notes: temp. unit off

Analyzed Data: E

5 E = 67.6

s —— e L i e i ] v
: ’ . e v
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PVC Circulator Experimental Data

Page 145
No. 5414
Date 11 July 1978

Gun Data
1. Upper Trace
Voltage LV /div

 eaaskl EREEREE]

Time Scale 2usec/div
Inverted? (Yes) No

e Q-

[§%]
.

Lower Trace

Voltage 2V_ /div

Time Scale 500nsec/aiv
Inverted? Yes C;;

Attenuation

Voltages

Pl Ch. 1 0.02V  /div

P6 Ch. 2 0.02v_/div

q Fis
PS.SCh' 30.02v /div

P AT AT N Ty SR AT R T T T

T3 Ch. 4 0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.8

Flow? Omn O{gj

Gas Tvpe N, J
I, EEE
Notes:
‘ Analyzed Data: T3
; . ,
’ E = 60.84 ,
? 21"5.5
(P
. e
Pl




"

————

Analyzed Data:

E = 57.46

PYC Circulator Experimental Data

Page _ 146
No. 5415

Date TL July 1978

Gun Data

1. Upper Trace
Voltage 1V /div
Time Scale 2usec/div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V /div
Time Scale 500msec/div

Iaverted? Yes (Mo

Attenuation
Voltages
Pl Ch. 1 _0.02V /div
P6 Ch. 2 _0.02v /div
P5,5Ch' 3 0,02v /div
T3 Ch. 4 0.05V /div

Time Scale Smsec /div
Sustainer Voltage 25.3

-

low? (On) Off

Gas Type —Eé————
Notes:
TB
1
5?- .
i
| h:

A RO S 3, R N T




PVC Circulator Experimental Data

Page 147
No. 5416
Date 30 June 1978

Gun Data

1. Upper Trace
Voltage 1V _/div
Time Scale 2used/div

Inverted?(Yes) No

N

Lower Trace
Voltage 2V /div
Time Scale 500nsec/aiv

Inverted? Yes Nq,

Attenuation
Voltages

5 P, Ch. 1 0.02V /div

P Y AP .
— ‘hoF » M
SRR A T i P, Ch. 2 _0.02V /div

'3

o P. _Ch. 3 0.02V /div

\ 345 S

3

Ch. 4 _0.05V /div

N 'l‘“ !*”"‘-\[#v\,ﬂ*‘--a-u-g NN

3

\ \

—_— ) 'e;»‘\,;ﬁ*\ \‘r‘-“’\*ﬂm\f‘“\v’“

Time Scale 5msec /div

Sustainer Voltage 25.8

" o { h\
ST A ™ 1 Flow? @ off
LS. 1 | L g Rend v q‘q j"“"*"“\w‘a <
o Gas Type N,
Notes:
Analyzed Data: T3

¢ . !
’ E = 72.67 1.1s
S &;j Se'd

Loip

I %6
: Pl

)
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PVC Circulator Experimental Data

Analyzed Data:

E

23.66

Page 148
No. 5420
Date 11 July 1978

Gun Data

1. Upper Trace
Voltage200mV/div
Time Scale 2msec/div

Inverted? (Yes) No

2. Lower Trace
Voltage 5V /div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
P. €h, 1  0.02V /div
P, Ch. 2 _0.02v/div
6 ——ateV
Pe, Ch. 3 0.02v/div
T, Ch. & 0.05v /div
Time Scale 2msec /div
Sustainer Voltage 25.8kV

low? On (Off

Gas Type _N,

Notes: Muffler (1I)




PVC Circulator Experimental Data

Page 149

1 No. 5421
paze TLJuTy 1978 |

Gun Data r
1. Upper Trace

Voltage 200mV/div

Time Scale 2msec /div

Inverted?(Yes) No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Invertad? Yes (No) i

Attenuation
Voltages
P, Ch. 1 9.02V /div
P, Ch. 2 0.02V /div
P., Ch. 3 0.02V /4iv
5A —_—
T, Ch. 4 _0.05V /div
Time Scale 2msec /div p

Sustainer Voltage 25.3kV

Flow? On (Oﬁg;

Gas Type _ N

+
Notes:
‘

Analyzed Data: P,

4
’ E = 57.46 ‘_ p

- 5A
ee—|
P
1 R |
*y

-~ - —
't, A e e e r—— » e Sy v——— Ly . e < Pn ot i -
— —— = - 2 ‘. LY




PVC Circulator Experimental Data

Page 150
‘ No. _5422

Date 11 July 1978

Gun Data

1. Upper Trace
VoltagelQ0OmV/div
Time Scale 2msec/div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V_ /div
Time Scale 500nsec/div
Inverted? Yes (SED

Attenuation

Voltages

Pl Ch. 1 0.02V/div

P, Ch. 2 _0.02V/div

P., Ch. 3 0.02V/div
SA s—a——

T, Ch. 4 __0.05V/div

Time Scale 2msec /div
Sustainer Voltage 25.8kV
Flow? (On) Off

Gas Type NE
Notes: Muffler (II)

Analyzed Data:

: ]
E = 60.84 %5:\
i . . S

6

p 1
Pl 7




E =

PVC Circulator Experimental Data

Analyzed Data:

Page 18]

No. 5423

pace TI July 1978

Gun Data
1. Upper Trace
Voltage 100mV/div

Time Scale 2mseddiv

Inverted? (Yes) No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (§§

Attenuation

Voltages

P6 Ch. 1 _0.02V /div

P_ Ch. 2 _0.02v/div
S5A e ey

P Ch. 3 g,02v/div

4

T- Ch. 4 0.05V/div

Time Scale 2msec /div

Sustainer Voltage 25.3kV

Flow? (On) Off
Gas Type N

Notes: Muffler

60.84




o

PVC Circulator Experimental Data

Analyzed Data:

Page 152
No. 5424

Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale 2usecd/div

Inverted?(Yes. No

2. Lower Trace
Voltage 2V_/div
Time Scale 500nsec/div
Inverted? Yes (No,

Attenuation

Voltages

B OH, L 0.02V /div

P6 Ch. 2 _0.02v/div

P sCh. 3 0.02V/div

v

Ty Ch. 4 0.05V /div

Time Scale 2msec/div
Sustainer Voltage 25.8
Flow? On Oft
Gas Tv N

vpe \2
Notes: gmp out

E = 64.22

ik B i v+ e §
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PVC Circulator Experimental Data

\

-

I e e

K
., »

e
"
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¥
e
1

B Al o

»“ 'A»“l’\_V‘
el

[ R

S T

Analyzed Data:

E = 62.53

Page 153
No. 5425
Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale2msec /div
Inverted?(ié}; No

2. Lower Trace
Voltage 2V _/div
Time Scale 500nsec/div
Inverted? Yes (55}

Attenuation

Voltages
P, Ch. 1 0.02V /div
P, Ch. 2 0.02V /div
P, Ch. 3 0.02V/div

T. Ch. 4 _0.05V /div

v

Time Scale 2msec /div

Sustainer Voltage 25.8kV

Flow? On (ogf,

Gas Tvpe N2

Notes: Muffler (II)
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PVC Circulator Experimental Data

Analyzed Data:

E = 64.22

Page 154
No. 5426
Date _11 July 1978

Gun Data

1. Upper Trace
Voltage200mV/div
Time Scale 2msec/div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V /div
Time Scale 5C0Onsec/div
Inverted? Yes (No)

Attenuation

Voltages

Pl Ch. 1

PoChit 2

_0.02V /div

0.02vV /div

PS Ch. 3 0,02v /div

TS Ch. 4 _9,05y /div

Time Scale 2msec /div
Sustainer Voltage 25.8kV
Flow? (On) Off

Gas Type N

<

Notes:

e Tl T ew—
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PVC Circulator Experimental Data

Analyzed Data:

E = 62.53

Page __]535
No. 5427

Date 11 July 1978

Gun Data
1. Upper Trace

Voltage 200mV/div

Time Scale 2msec /div

Inverted? (Yes, No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/aiv

Inverted? Yes C@i

Attenuation

Voltages

Pl Ch. 1 _ 0.02V/div

Pe Chis 2 . 0,.02V./div

P5 Ch. 3 _0,0Q2v/div
TS Ch. 4 0 st/div

Time Scale 2msec/div

Sustainer Voltage 25.8kV

Flow? On (0Off)

Gas Type N

_—?—
Notes: No Muffler




PVC Circulator Experimental Data

Analyzed Data:

Page _ 156
No. 5428

pate TI July 1978

Gun Data

(=
.

Upper Trace
Voltage200mV/div

Time Scale 2msec/div

Inverted?(Yes) No

N~

Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (gg,

Attenuation

Voltages
Pl Ch. 1 _0.02V /div
P6 Ch. 2 _0.02V /div
PS Ch. 3 0.02v /div

T, Ch. 4 __0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.8kV

Flow? @y Of £

R R

Gas Type _N,
Notes:
iy
5
i
e
L r_:;_____

Pl Lo




PVC Circulator Experimental Data

— o ‘\,\‘\"‘\J‘M’\W
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Page
No. 5430
Date 1L July 1978

Gun Data

1. Upper Trace
Voltage200mV/div
Time Scale 2msec/div

Inverted?(Yes) No

2. Lower Trace

Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (No

Attenuation

Voltages
PaiGhe 10 D I0L02N (div
P, Ch. 2 _0.02V /div
1% Ch. 3 0.02v /div
TS Ch. 4 0.05vV /div

Time Scale l0msec /div

Sustainer Voltage 25.8kV

Flow? QE; 0ff

Gas Type N
Notes:
Analyzed Data:
| i s Ts
; : ‘
E = 37.18 ‘_
'
¢ | |
‘ T, j ’
: . “lp
i 6
so Pl T7
] b
]
e O - — i

o Wt s I I O




PVC Circulator Experimental Data

SR , v \ .
B ‘\;.\;,'n\&_:.‘u.v: \h.f\-—-)h R'f" -Nv..)\v\N 17 A
A

)
i .o 2 L B
‘h‘Qﬁﬁ”ﬁ?ﬁg“ﬁﬁhMﬂmg‘W%J\ﬁﬁkggﬁi_

N A, "\‘J \

L\.«/\'v’1 \/" W\ ‘

Analyzed Data:

E = 54.08

Page 158
No. 5431
Date 11 July 1978

Gun Data
1. Upper Trace
Voltage 2mv /div

Time Scale 2msec/div

Inverted? (Yes) No

(3]

Lower Trace

Voltage 2y /div

Time Scale 500mnsec/div
Inverted? Yes (Yo

Attenuation

Voltages
P, Ch. I 0.02V /div
P_ Ch. 2 _0.02v /div
P, Ch. 3 0.02v /div
T, Ch. 4 _0Q.05vV /div

=4 —rr

Time Scale 5Smsec /div
Sustainer Voltage 25.8kV

Flow? On (0ff)

W P
Notes 3
T3 T4 T5 | ﬁ

. r é

H 1

:l

|

: s |
|

Py . |




PVC Circulator Experimental Data

Page 159
No. 5433

Date II July 1978

Gun Data

1. Upper Trace
Voltage 200mV/div
Time Scale 2msec/div

Inverted? (Yes, No

2. Lower Trace

Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (No,

Attenuation

Voltages
P, Ch. 1 0.02V /div
B Ch. 2\ _0.02V /div
P5 Ch. 3 0.02v /div
T Ch. 4 0.05v /div

Time Scale 20msec /div

Sustainer Voltage 25.8kV

Tlow? Og/ Off

G Tvpe Ni
as Typ

Notes:

Analyzed Data:

-~ o=

' E = 59.15
?
: )
:
‘ — —
= - e T—
A S EE=NN




PVC Circulator Experimental Data

\
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Analyzed Data:

Page 160
No. 5435 o
Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 200mV div
Time Scale 2usec/div
Inverted?@‘, No

2. Lower Trace
Voltage 2y /div
Time Scale 50Qngec/div

Inverted? Yes @

Attenuation

Voltages

?l Ch. 1 0,02v /div
P6 Ch. 2 o,.Qoy /div
Al / i
PS.SCH 30 02v /div
T Ch. 4 0.05v /div
Time Scale 5psec /div

Sustainer Voltage _25,8kV
4 ~\

Flow? On Qf:/
-

Gas Type _Nz__

Notes: No muffler

E = 59.15
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PVC Circulator Experimental Data

Analyzed Data:

Page 161
No. 5436
Date 11 Julv 1978

Gun Data

1. Upper Trace

Voltage200mV/div
Time Scale 2ysec /div

Inverted?(Yes) No

2. Lower Trace W
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (ig\

Attenuation

Voltages
P, Ch. L 0.02V /div
P6 Ch. 2 _0.02V /div
P. _Ch. 3 0.02vV /div
T Ch. & 0.05vV/div

Time Scale 5pgec /div
Sustainer Voltage 25,8kV

Flow? @ 0f £

Gas Type _ N

Notes: No muffler

w

65.91
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PVC Circulator Experimental Data

— ﬁ&vﬂ ”H“juﬁ_Jﬁﬁzﬂ-»rv‘jﬁ\*kﬂrzwv“u..dfhwt-4

= »
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Analvzed Data:

E = 65.91

, W = ee— :
2 - - _— — » P v
W S———.- — e ——

Page 162
No. 5437
Date 11 July 167§

Gun Data

1. Upper Trace
Voltage200mv/div
Time Scale 2ysec/div

Inverted? (Yes; No

2. Lower Trace
Voltage 2y /div

Time Scale 500nsec/div

Inverted? Yes (No}
b7
ttenuation
Voltages

P, Ch. 1 0.02v /div

95 Ch. 2 0.02v /[div
P, Ch. 3 v [/div
5.5 5 0Q,02V /div

T. Ch. 4 0,05y /div

Time Scale 5msec /div

Sustainer Voltage 25.8kV

Flow? @ Of f

Gas Tvpe Ng
Notes: app. pot in circuit,

no muffler

w




PVC Circulator Experimental Data

a5 k-""v‘, T AT WA 1 . s
PR e e i
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Analyzed Data:

Page 163
No. 5438
Date 1] ulv 1978

Gun Data

1. Upper Trace
Voltage 20Qmy/div
Time Scale 2usec/div

Inverted?{(Yes) No

2. Lower Trace

Voltage 2v /div

Time Scale 500mnsec/div
Inverted? Yes (g?;

Attenuation

Voltages

Pl Ch. 1 0.02vV /div

P6 Ch. 2 0,02y /div
PS Ch. 3 g.govy /div
T, Ch. 4 0.05v /div
Time Scale 2mgec /div

Sustainer Voltage 25,8kV*
£
Flow? On (§E§:

Gas Type N

Notes: _ppo muffler

E = 60.84%

. .

*
Assumed value
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Analyzed Data:

PVC Circulator Experimental

Data

64.22%

%
Assumed value

Page
No. 5439
Date 11 July 1978

Gun Data

1. Upper Trace
Voltage200mv/div
Time Scale 2usec/div

Inverted?(Yes, No

2. Lower Trace
Voltage 2y /div
Time Scale 50Q0msec/div
Inverted? Yes (No,

Attenuation

Voltages
P, Ch. 1 0.02V /div
Py Ch. 2 0.02V /div

P. Ch. 3 0.02V/div

3
-

T, Ch. 4 _0.05V/div

Time Scale 2msec /div
Sustainer Voltage Jgg;ggv*
Flow? (On; Off

Gas Type N

——2—
Notes: no muffler
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Analyzed Data:

72.67%

PVC Circulator Experimental Data
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Page 165
No. 544]
Date 11 July 1978

Gun Data
1. Upper Trace
Voltage 20Qpy/div

Time Scale2usec /div
Inverted?(Ye§ No

2. Lower Trace
Voltage 2v_/div
Time Scale 5(00nsec/div
Inverted? Yes No,

Attenuation

Voltages
; Cho 1 _0.02v /div
P, Ch. 2 0.02v /div
P3 Ch. 3 0,02v /div
T, Ch. 4 _g.Q2y /div

Time Scale 2msec /div
Sustainer Voltage 25, 8kV*
Flow? @ Off

-

Gas Tvpe NE
Notes: po pmuffler

-~

wm
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PVC Circulator Experimental Data

Analyzed Data:

E = 67.60%

*
Assumed value

Page 166

No. 5443 -
Date 1] Jylv 1978
Gun Data

1. Upper Trace
Voltage 200mV div
Time Scale 2usec /div

Inverted?(Yes) No

2. Lower Trace

Voltage 2v /div

Time Scale 50Qpsec/div

Inverted? Yes CE@

Attenuation

Voltages
P, Ch. 1 0.02v /div
P6 Ch. 2 0.02v /div
P5 Ch. 3q,02v /div
Tl Ch. 4 .05y /div
Time Scale 2msec /div

Sustainer Voltage 25.8kv*
—
Flow? On (Qff,




PVC Circulator Experimental Data

1 Page __ 147
‘ No. 5444

Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 200mV/div
Time Scale 2usec /div

Inverted? @ No

Lower Trace

~
.

Voltage 2V /div
Time Scale 500mnsec/div

Inverted? Yes (No

Attenuation

Voltages

Pl Ch. 1 _0.02V /div

P6 Ch. 2 _0.02v /div

Ps Ch. 3 0,02v /div

Tl Ch. 4 _0.05V /div

Time Scale 2msec /div

Sustainer Voltage 25.8kV™
Flow? On Off

Gas Ty \
as Type N

Notes: po muffler

Analyzed Data: P

E = 77.74% ]'
i
!

%
Assumed value

B e I . . A . i




PVC Circulator Experimental Data
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Analyzed Data:

Page 168
No. 5445
Date 11 July 1978
Gun Data

1. Upper Trace
Voltage 200mV/div
Time Scale 2usec /div

Inverted?(Ye No

2. Lower Trace
Voltage 2v /div
Time Scale 500nsec/div
Inverted? Yes CEi

Attenuation

Voltages
Pl Ch. 1 0.02v_/div
P6 Ch. 2 ,02v /div
P5 Ch. 3q,02y /div
Tl Ch. 4 0.10V /div

Time Scale l0msec /div

Sustainer Voltage 25,8kV*

Flow? @ 0f £

Gas Type _N,

Notes: no muffler
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PVC Circulator Experimental Data

Page _ 169
No. 5446

Date 11 July 1978

Gun Data

1. Upper Trace
Voltage 200mV/ div
Time Scale 2usec /div

Inverted?(igg‘ No #

Lower Trace

[ 35

Voltage 2v /div
Time Scale 500nsec/div
Inverted? Yes (ﬁ:ﬁ

Attenuation

Voltages

PL Gh. 1 0,02V /div

P6 Che 2 0,02V /div

Nt ey ol
~ W T NI S
' Py Ch. 3 g goy/div

— \W"‘\“('\‘\M’.‘J.‘my:mﬁ‘.wwm Tl Ch - A 0 2031 /'div r'i
— 1-~”fw’gﬂfsww Time Scale 10msec /div
. A
‘| *h Sustainer Voltage 25.8kv*
. ) £€
o 7 AL NNy Flow? @ 053
' Gas Type N,

Notes: no muffler

Analyzed Data:

E = 67.60% "
|

%
Assumed value T

o g T ~we




Analyzed Data:

e
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PVC Circulator Experimental Data

Page 170
No. 5448 .
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 200mV/div
Time Scale 2usec /div
Inverted?@ No

2. Lower Trace
Voltage Qv /div
Time Scale 500nsec/div

Inverted? Yes (ga

Attenuation
Voltages
P1 Ch. 1 0.02v/div
P_ Ch. 2 _qg.02y/div
5
Pb Ch. 3 9.02v/div

Tl Ch. 4 _0.Q5v/div

Time Scale 2msec/div
Sustainer Voltage 25.8kV
Flow? (Om, Off

Gas Type N

+
Notes:




PVC Circulator Experimental Data

Analyzed Data:

Page 171
No. 5449
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage200my/div
Time Scale2usec /div
Inverted? @‘ No

2. Lower Trace
Voltage 2V_ /div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
P1 Chis 1 0.02V //di’f

P6 Ch. 2 _0.02v /div

PS Ch. 3 oy /div

T. Ch. 4 g sy /div

Time Scale 2pgeg /div
Sustainer Voltage 25.8kV
Flow? On (Off)

Gas Tyvpe Ng

Notes: )

AN

S G SPwe e i




Analyzed Data:

PVC Circulator Experimental Data

Page
No. 5450

Date 12 July 1978

—_—

Gun Data

1. Upper Trace
Voltage 2my /div
Time Scale 2ysec/div

o
Inverted? (Yes) No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (Noj

Attenuation

Voltages

Pl Ch. T 0.02V /div

Py Ch. 2 _0.02vV /div

P6 Ch. 3 0.02v /div

T2 Ch. 4 0,05y /div

Time Scale Smsec /div
Sustainer Voltage 25.8kV
Flow? On (Off,

Gas Type N

—2_
Notes:




PVC Circulator Experimental Data

dnalyzed Data:

E =

Page 173
No. 5451

Date 12 July 1978

Gun Data
1. Upper Trace
Voltage 2mV /div

Time Scale 2usec/div

Inverted? No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsee/div

Inverted? Yes (No
—

Attenuation

Voltages

?l Ch. 1 _0.02V /div

P, Ch. 2 _0.02V /div

P, Ch. 3 0.02V /div

6

T, Ch. 4 _0.05V /div

Time Scale Smsec /div

Sustainer Voltage 25.8kV

Flow? (On Off

Gas Tvpe
vpe Ny

Notes:

99, 15

r

N A A 5

IP




PVC Circulator Experimental Data

Page _ 174
No. 5452

Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 2mV /div
Time Scale 2usec /div
Inverted? (¥es) No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
P, Ch. 1 0.Q02v /div
P5 Ch. 2 0,02y /div
P Ch. 30.02v /div

T3 Ch. 4 0,05V /div

Time Scale Smsec /div
Sustainer Voltage 25.8kV
Flow? On Off,

Gas Tvpe N
Notes:
Analyzed Data: P5
> E = 64.22 .
-
'p
: |6
—
Pl
L s e, r— R——
j“““‘ —— . L J"~
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PVC Circulator Experimental Data
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Analyzed Data:

Page 175
No. 5453
pate T2 July 1978

Gun Data |
1. Upper Trace

Voltage 2mV /div

Time Scale 2usec /div

Inverted?(Yes) No

2. Lower Trace
Voltage 2v /div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
P1 Ch. 1 _0.02v/div

Pj Ch. 2 0.02v /div
Ty Ch. 4 _ 0,05y /div

Time Scale 2msec /div
Sustainer Voltage 25.8kV

Flow? (On) Off




PVC Circulator Experimental Data

Page 176
No. 5454
Date 12 July 1978
4
Gun Data
1. Upper Trace
Voltage 2mV /div
Time Scale 2usec/div
Inverted?@v No
2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes (Ng; |
Attenuation |
Voltages >
3 Iy |
Pl Ch. 1 _0,Q2v /div |
P5 Ch. 2 _g .oy /div
P6 Ch. 3 g poy /div
T3 Ch. 4 g g5y /div
Time Scale Smsec /div
Sustainer Vocltage 26.0kV
Flow? (On OEE i
i Z {
Gas Type N_ 2 {
Notes: i [
3
]
Analyzed Data: T P :
3
E = 74.93643
i
e




PVC Circulator Experimental Data

Page 177
No. 5456
Date 12 July 1978

e e A

Gun Data

1. Upper Trace
Voltage 200mV div
Time Scale 2usec /div

Invetted?(Yes; No

Lower Trace

~
.

ittt

Voltage 2V /div
Time Scale 500nsec/div

Inverted? Yes (No,

Attenuation

Voltages 1
Pl Ch. 1 _9,02v/div
?5 Ch. 2 _q. 02y /div
P6 Ch. 3 g goy/div
T, Ch. 4 _0.02v/div
Time Scale Smsec /div

Sustainer Voltage 25.8kV
Flow? On Off

Gas Type NE £
Notes: '
Analyzed Data:
E=67.6 {
.
&
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PVC Circulator Experimental Data

Analyzed Data:

Page 178
No. 5457
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 200mV/div
Time Scale 2used/div

Inverted?(Ye No

2. Lower Trace

Voltage 2V _/div
Time Scale 500nsec/div

Inverted? Yes (g;)

Attenuation o
Voltages

Pl Ch. 1 _0.02V /div

Pg Ch. 2 _0.02V /div

P Ch. 3 0.02v /div

T, Ch. 4 _0.05V/div

Time Scale 50msec /div

Sustainer Voltage 25.8kV

Flow? @ Of £

E = 64.22

- L ——
L& T = =S

Gas Type N!
Notes:
T4 P5
. . i
: | %6
p1
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PVC Circulator Experimental Data

Analyzed Data:

Page 179
No. 5459
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 200mV/ div
Time Scale 2usec /div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V__ /div
Time Scale 500nsec/div
Inverted? Yes (gg\

Attenuation

Voltages

Pl Ch. 1 _10.02V. /div

Pg Ch. 2 0.02V /div
P, Ch. 3 0.02v /div
T, Ch. 4 _0.05v/div

Time Scale 50msec /div
Sustainer Voltage _25.8kV
Flow? (On Off

Gas Type N

Notes: bothhmufflers in

E = 72.67

~




PVC Circulater Experimental Data

Page 180
No. 5460
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage200mV/div
Time Scale2usec /div

Inverted? (Ye No

2. Lower Trace

.

Voltage 2V /div

{&fﬁ““qs;i-m z, F

Time Scale 500nsec/div
Inverted? Yes @,

Attenuation

Voltages

P4 Ch. 1 _0.02v /div

e

P, Ch. 2 (0.02v /div

P5 Ch. 3 0,02v /div

W= Al’W\I\MM\N "5 Ch. 4 M/dlv }
\)

Time Scale Smsec /div

Sustainer Voltage 25, 8kV*
2 (ogs}

Flow? On Qf:/ |

Gas Type N ¢

——— e

Notes: hQ£h~m”ff]ers in i
Channel 3 was hit by pulse
at trigering time

s N, .
B W W b i

Analyzed Data: P PS’TS

Z-‘JA\\\\\J : [

E = 60.84" %
-

1" 6

| sk

T TR —

%
Assumed value




PVC Circulator Experimental Data ]
Page :
No. 5461
Date 12 July 1978 :

Gun Data

' .-,-1
|
a8

1. Upper Trace

|

Voltage 100mV/div
Time Scale 2used/div

Inverted?(Yes), No

2. Lower Trace

O D

Voltage 2V _/div
Time Scale 500nsec/div
Inverted? Yes ¥9

Attenuation

Voltages
P, Ch. 1 _0 Q2v /div
P6 Che 2 _ 0,02y /div
Py Ch. 3 g.g2y/div
T5 Ch. 4 g g3y /div

Time Scale 5Smsec /div
Sustainer Voltage 25 8kv™
Flow? On (Off)
s T \
Ga ype N
Notes: gsame as 5460 with :
stable channel 3

Analyzed Data:
PA PB’TS

B N\\\\\\E

E = 62.53"

-

.J§§Q§{.

*
Assumed value




PVC Circulator Experimental Data

Page __ 182
No. 5462 _
Date 12 July 1978

Gun Data

Upper Trace
Voltage2oomV/div
Time Scale 2usec /div
Inverted? @) No

Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Inverted? Yes (Yo

Attenuation

Analyzed Data:

E = 64,22%

*
Assumed value

Voltages
Ch. 1 _0.02v /div
Ch. 2 _0.02vV/div

Ch. 3 0.02v/div

4 Ch. 4 _0.05v/div

Time Scale 50msec /div

Sustainer Voltage 25.8kV*

Flow? ‘\03) Off
Gas Type _ X

Notes:

T, P, P,

NN\ E
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PVC Circulator Experimental Data
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Analyzed Data:

Page
No.

183

5463

Date 12 July 198

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale2usec /div

Inverted?(Yes, No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes Nq/

Attenuation

Voltages

P, ¢h. 1 0.02V /div

P, Ch. 2 0.02V /div

P Ch. 3 0,02y /div

ut?

Time Scale

Ch. 4 _q,Q5y /div

Smsec/div

Sustainer Voltage 25.8kV

Flow? (§E;

Gas Type

Notes:

(872

il

P

4 tgois

E = 57.46

BN\ E




PVC Circulator Experimental Data

ro

Page 184
No. 5464

Date 12 July 1978

Gun Data

Upper Trace

Voltage 100mVdiv
Time Scale2usec /div

Inverted?(YeE) No

Lower Trace

Voltage QSL_/diV

Time Scale égggfec/div
Inverted? Yes (Noy

Attenuation

Voltages .
he 1 __0.02V /div

Ch. 2 _0.02V /div

Ch. 3 0.02v /div

/.

Ch. 4 _Q,Q5v /div é

Time Scale Smsec /div

Sustainer Voltage 25.8kV
e Py
Flow? On Kgig

Gas Type iik———-
Notes:

Analyzed Data:

P P5

NNNNE




T ——

SR ks e R

e

PVYC Circulator Experimental Data

Analyzed Data:

E

B e i

=3

Page 185

No. 5466

Date 12 July 1978

Gun Data
1. Upper Trace
VoltagelQQOmV/div

Time Scale 2usec/div

Inverted? N

Lower Trace

N
.

Voltage 2v /div

o

Time Scale 500nsec/div

Inverted? Yes (gg}

Attenuation

Voltages
P, Ch. 1 _0.02V /div

P6 Ch. 2 0.02V /div

?5 Ch. 3 0.02v /div

T6 Ch. 4 _0.05v /div

Time Scale Smsec/di

v

Sustainer Voltage 25.8kV

Flow? @; 0ff

Gas Type _N,

Notes:

57.46
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PVC Circulator Experimental Data

Analyzed Data:

Page __ 186
YNo. 5467
Date [2 Juyly 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale2usec /div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V _/div
Time Scale 500msec/div
Inverted? Yes (No,

Attenuation

Voltages

P, Ch. 1 (.02vV /div

4

P Ch. 2 _0.02v /div

Py Ch. 3 0,02y /div
T, Ch. 4 _g,Q5v /div

Time Scale SOmsec /div

Sustainer Voltage 25.8kV

Flow? @ Off

Gas Type k;
Notes: heat pulse test

L9 PR

'J;S};gﬂ'

.




3 PVC Circulator Experimental Data

Page
1 No. 5468
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mWdiv
Time ScalelQusec/div

Inverted?(Yes‘ No

Lower Trace

Voltage 2v /div

T e B S e ot
N

Time Scale _50Qnsec/div
Inverted? Yes Cﬁi

Attenuation

Voltages

PQ Ch. 1 Q,QZV/diV
P, Ch. 2 _Q, 02y /div

(o)}

PS Ch. 3 g _goy/div

Time Scale 2msec /div
Sustainer Voltage 25.8kV
Flow? On (Off

Gas Type N

+
Notes:
b
| Analyzed Data:
i P4 P5
t <
E = 60.84 . |
’ 60 E;i
g 1P6




PVC Circulator Experimental Data

Page 188
No. 5469

Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQusec/div

Inverted? Yes No

2. Lower Trace
Voltage 2V _/div
Time Scale 500nsec/div
Inverted? Yes (§§

Attenuation

Voltages
P, Ch. 1 _0.02v /div
P, Ch. 2 g Q2v /div
Ps Ch. 3 g,o2y/div
Tl Ch. 4 ¢ ZQy/div

Time Scale lOmsec /div
Sustainer Voltage _25.8KkV
Flow? @ 0ff

Gas Type N!

Notes: Preston amp _set on
100Hz bandwidth
Analyzed Data:
Sy Ps

2NN\\N

E = 60.84 H

Z
. P

T1
e » - ot - "};ﬁg‘_ il - e~ Y. 4




PVC Circulator Experimental Data

dnalyzed Data:

Page __ 189
No. 5470

Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/ div
Time Scale lQuseddiv
Inverted? @ No

2. Lower Trace
Voltage 2y /div
Time Scale 50Qpsec/div
Inverted? Yes (No)

Attenuation

Voltages
Pl Ch. 1 _0.02v/div

P6 Ch. 2 _0.02vV/div

PSA Ch. 3 0.02v/div

T; Ch. 4 0.20v/div

Time Scale 50msec /div
Sustainer Voltage 25.8KkV
Flow? @; of £

Gas Type __ N,

Notes: Preston amp_on

P4 P5

* AN\ -

(o}




PVC Circulator Experimental Data

Page 191
i Yo. 5472
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale |Qused div

Inverted?(Yes) No

2. Lower Trace

Voltage 2v /div
Time Scale 500nsec/div
Inverted? Yes (53\

Attenuation

Voltages

P Ch. 1 0.02v /div

TR FRE TR Y

P6 Ch. 2 0,02v /div
P5 Ch. 30.02v_/div

T Ch. 4 0.05v /div

Time Scale _ ]gec /div
Sustainer Voltage 25,8kV
Flow? (On) Off

Gas Type N2

i i

Notes:

Analyzed Data:

L SR,




PVC Circulator Experimental Data

Analyzed Data:

Page 192
No. 5473

Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQusecd/div

Invetted?(Yes; No

2. Lower Trace
Voltage _ 2V /div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
P, Ch. 1 _0.02V /div
P6 ¢h. 2 0 sz/div
P5 ch. 3 0 QZ}'/div
Tl Ch. 4 Q st/div
Time Scale 2msec /div

Sustainer Voltage 25.8kV

Flow? On of

(a0

Gas Type _ N,

Notes: Horn muffler

reTneCress e
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PVC Circulator Experimental Data
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Page 193
No. 5474

Date 12 July 1978

Gun Data
1. Upper Trace
VoltagelQOmv/div

Time ScalelQusec/div

Inverted?(Yes; No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (Eé!

Attenuation

Voltages
P, Ch. 1 _0.02V /div
P, Ch. 2 _0.02V /div
P, Ch. 3 0.02V /div

T, Ch. 4 _0.05V /div

Time Scale Smsec /div

Sustainer Voltage 25.8kV

Flow? On off

Gas Type NE

Notes: Horn muffler

4
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PVC Circulator

Experimental Data
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Analyzed Data:

E = 62.53

Page 194
No. 5475
Datel2 July 1978

Gun Data

1. Upper Trace

Voltage 1Q00mV/ div
Time Scale JQuseddiv

Inverted? (Yes, No

Lower Trace

Voltage 2y /div

Time Scale 500nsec/div
Inverted? Yes (3;?

Attenuation

(=]

Voltages

P, Ch. 1 _0.02V /div

Ch. 2 _0.02vV /div

Ch. 3 0.02v /div

N

1 Ch. 4 O,in/div

Time Scale 2msec /div
Sustainer Voltage 25.8kV
Flow? (On Off

Gas Type X

—2_—

Notes: n ffler

NN\

NN\N {
|
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PVC Circulator Experimental Data

Analyzed Data:

E = 64.22

Page 195
No. 5476
ate T2 July 1978

Gun Data

1. Upper Trace
VoltagelQOmV/div
Time ScalelQusec/div

Inverted?(Yes® No

2. Lower Trace
Voltage 2v /div ’
Time Scale 500nsec/div
Inverted? Yes (§§>

Attenuation

Voltages i
P& Ch. 1 _0.02v /div
P6 Ch. 2 _0,02v /div

PS Ch. 3 .02y /div

Tl Ch. 4 _0.20V /div

Time Scale l0Qmsec /div

Sustainer Voltage 25.8kV

Flow? (on) oOff

Gas Type N
Notes:
P P
w2
NN
NN\ i
|
{ Ip
[ 6




vy

| —y

A s e

PVC Circulator Experimental Data

Analyzed Data:

Page
No. 5477
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQpseddiv

Inverted?(Yes; No

2. Lower Trace
Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (No

Attenuation

Voltages
PQ Ch. 1 _0.02v/div

P6 Ch. 2 _0.02v/div

PS Che 3 Q.QZV/diV
Tl Ch. 4 _q,05y/div

Time Scale 2msec/div
Sustainer Voltage 25.8kV
Flow? On Off

Gas Type

Notes: Horn muffler

E = 46.475
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PVC Circulator Experimental Data
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Analyzed Data:

Page 197
No. 5478
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale [Qused/div
Inverted?(iéé) No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div

Inverted? Yes (No,

Attenuation

Voltages
p, Ch. 1 _0.02v /div
P, Ch. 2 _0.02V /div
PS Ch. 3 Q.02v /div
T2 Ch. 4 _0.05v /div
Time Scale 2msec /div

Sustainer Voltage 25.8kV

Tlow? @ Off

Gas Tvpe N

Notes: Horn muffler

=~
w

E = 60.84




PVC Circulator Experimental Data

Analyzed Data:

E

Page 1983
No. 5479
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 1mV /div
Time Scale lQusec/div

Inverted?(Yes' No

(3]
.

Lower Trace
Voltage 2v /div
Time Scale 500nsec/div

2 v
Inverted? Yes Cﬁ;
Attenuation

Voltages
PQ Ch. 1 _0.02V /div

P6 Ch. 2 _0.02v /div

P, Ch. 3 0,02y /div
T, Ch. 4 _0,05v /div

Time Scale 20msec /div :

Sustainer Voltage 25.8kV

Flow? (On} Off
Gas Type N

Notes: Horn mutffler

DA 3

59l

SN j
|
|




PVC Circulator Experimental Data

Page 199
No. 5480
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 1mV /div
Time Scale 1Qusecd/div

Inverted?(Yes) No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (Nq,

Attenuation

Voltages ﬁ
P, Ch. 1 _0.02v /div
96 Ch. 2 _g qQav/div
PS Ch. 3 g poy/div

'I‘3 Ch. 4 _ gsy/div

Time Scale 5msec /div
Sustainer Voltage 25.8kV
Flow? On (Off
G ‘4 )

as Type Vz
Notes: Horn muffler

Analyzed Data:

I\

NN\

o

E = 59.15

»
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PVC Circulator Experimental Data

Page 200
No. 5481
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQusec/div

Inverted?(Yes) No

2. Lower Trace
Voltage 2V _/div
Time Scale 500nsec/div
Inverted? Yes (No)

Attenuation

Voltages
PA Ch. 1 0.02V /div

P6 Ch. 2 _0.02V /div

P5 Ch. 3 0.02v /div

T3 Ch. 4 _0Q.05v /div

Time Scale . lmsec/div
Sustainer Voltage 25.8kV
Flow? on (Qf2

Gas Type _N,

Notes: H rnhmuffler

Analyzed Data:
T P P
3 4 sy 0
NN
NN

E = 55.77 l
|
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PVC Circulator Experimental Data

Page 201
No. 5482
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage100mV/div
Time Scale lQusecd/div

Inverted? (Yes) No

2. Lower Trace

Voltage 2v_/div

e ¥t

Time Scale 500nsec/div
Inverted? Yes (SE)

Attenuation

4
2
B <.

Voltages
P, Ch. 1 _0.02v /div
P6 Ch. 2 _0.02vy /div
Py Ch. 3 p gy /div
T3 Ch. 4 g g5y /div
Time Scale _lmsec/div
Sustainer Voltage 25.8kV

Flow? (On) Off

Gas Type N2

Notes:
Analyzed Data:
T3 P_{‘ AMMNY PS
. NNN\N
E = 59.15 \NNNN

e - e o T~ AR

— -y v -—— b Y R

TR S oo g




i PVC Circulator Experimental Data

Page 202
No. 5483
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV div
Time Scale 101 seddiv

Inverted?(Yes) No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsqc/div
Inverted? Yes (i;,

Attenuation

Voltages

P4 Ch. 1 _0.02v/div

P6 Ch. 2 _0.02v/div

P. Ch. 3 _0.02v/div

-«

13 Ch. 4 0.05v/div

Time Scale 50msec/div
Sustainer Voltage 25.8kV

Flow? (§§) 0ff

Gas Type _ N,

Notes: Horn muffler

FPRERPESURSIE TN

Analyzed Data: T P P |
3 . AN - |
. NN\
I SN\
! E = 66.755




he A

Analyzed Data:

PVC Circulator Experimental Data

B

4
-
e

Lo R L ADARCRL S R

Page 203
No. 5484
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100aV/div
Time Scale lQuseddiv
Invetted?@ No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes 6-0:

Attenuation

Voltages
P, Ch. 1 _0.02v /div

P6 Ch. 2 _0.02v /div

P5 Ch. 3 9,02y /div
'I.'4 Ch. 4 _q sy /div

Time Scale 50msec/div

Sustainer Voltage 25.8kV

Flow? @ Off

Gas Tv N
vpe 5

Notes: Horn muffler

4" 4 5

NN
=S




PVC Circulator Experimental Data

Lt

Analyzed Data:

E = 60.84

2 A

2o 8

I

7

v N

Page 204
No. 5485

Date 12 July 1978

Gun Data
1. Upper Trace
Voltage 100mV/div

Time Scale 10Quseddiv

Inverted?(Yes, No

2. Lower Trace

Voltage 2v /div

Time Scale 500nsec/div

Inverted? Yes (SE)

Attenuation

Voltages

P4 Ch. 1 _0.02v/div

P Ch. 2 _0,Q2v/div
P. Ch. 3 g gov/div

T. Ch. 4 _ 0.02V/div

wm

w

Time Scale 2msec /div

Sustainer Voltage 25.8KkV

Flow? On OfE

Gas Type NE

Notes:

AN
NN\

AN

l_

—g—




PVC Circulator Experimental Data

Analyzed Data:

Page (205
No. 5486
Date 12 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lOusec/div
Inverted? (X@ No

N~
.

Lower Trace

Voltage 2V _/div

Time Scale 500nsec/div
Inverted? Yes {55)

Attenuation

Voltages
35 Ch. 1 _0.02v /div
P, Ch. 2 _0.02V /div

P5 Ch. 3 0.02v /div
Té Ch. 4 _Q,05v/div

Time Scale 5Smsec /div

Sustainer Voltage 25.8kV
=

Flow? On \fo)

Gas Ty )
ype VE

Notes: Horn muffler

E = 64.22

J

4




PVC Circulator Experimental Data

Page 206
No. _ 5491
Date T2 July 1978

Gun Data

1. Upper Trace
VoltagelQOmV/div
Time ScalelQusec/div
Inverted?(Yes) No

~
.

Lower Trace

Voltage 2v /div

Time Scale 500nsec/div
Inverted? Yes :ia\

S—

Attenuation

Voltages

Ch. 1 _ 0.02V/div
P Ch. 2 0.02V/div
P Ch. 3 _0.02v/div

Ch. &4 _ 0.05v/div

4

Time Scale Smsec /div

Sustainer Voltage 25.8kV

T
Flow? On (Off,

S—r

Gas Type N

___2_.
Notes:
Analyzed Data: P..T P
4’ 4 — 5
g \\\\\\\_ if
E = 62.53 =




PVC Circulator Experimental Data

Analyzed Data:

Page 207
No. 5492
pate T2 July 1978

Gun Data

1. Upper Trace
Voltagel00mV/div
Time ScalelQusec/div

Inverted?@ No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div

Inverted? Yes kyo,

Attenuation

Voltages
P4 Ch. 1 0.02vV /div
P, Ch. 2 _0.02V /div
PS Ch. 3 _0.02v/div

T, Ch. 4 _0.05V /div
4 —0.05V_

Time Scale Smsec/div

Sustainer Voltage 25.8kV
~N
On) O

Flow? £t

3 N
Gas Type >

4 E = 54.08

Notes: Horn muffler
P P
g b~ O
¢ SN
AN —

your




PVC Circulator Experimental Data

Page 208
No. 5493
Date 12 July 1978

Gun Data E
1. Upper Trace
VoltagelOOmV/div
Time ScalelOusec/div
Inverted?@ No

LS

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Inverted? Yes Ggg

Attenuation

Voltages

PA Ch. 1 0.02V /div

P, Ch. 2 _0.02V /div
P, Ch. 3 _0.02V/div

T7 Ch. 4 0.05V /div
Time Scale 5msec /div
Sustainer Voltage 25.8kV
Flow? ‘On) Off

Gas Type N

Notes: Horn muffler

Analyzed Data: P& PS
AN N
ENNNNN
DANANN
l E = 64.22
. |
|
TPy
i

h 3 7 PN Spe—— —




PVC Circulator Experimental Data

Page _209
No. 5494
Date 12 Julv 1978

Gun Data
1. Upper Trace
Voltage10Qmv/div

Time ScalelOusec/div

Inverted?<§§§} No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div

N
Inverted? Yes (No,

Attenuation

Voltages

P, Ch. 1 _0.02V /div

4

P7 Ch. 2 _0.02V /div

PS Ch. 3 _0.02v/div

T7 Ch. 4 _0,05v /div

Time Scale lmsec /div

Sustainer Voltage 25.8kV

Flow? 0ff

Gas Type N,
Notes: uf r
PA - P5
NN [
A i
[
|
I |
g 1
7




-
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PVC Circulator Experimental Data

Analyzed Data:

E =

33.80

Page __ 210
No. 5496
Date 12 Julvy 1978

Gun Data

1. Upper Trace
Voltage 100mV/ div
Time Scale |Quseddiv

Inverted?(EEET No

2. Lower Trace
Voltage 2V_/div
Time Scale 500nsec/div
Inverted? Yes (35,

Attenuation

Voltages

=

5

P5 Ch. 3 0.02v/div

Ch. 1 0.02V_/div

Ch. 2 0.02V /div

T, Ch. 4 0,05V /div

e L € 50 R,

Time Scale .5msec/div

Sustainer Voltage 25.8kV
/’\~

Flow? On Of L,

Gas Type Nz

Notes:

8
E?
/]
&




PVC Circulator Experimental Data

Analyzed Data:

E = 54.08

Page _ 211
No. 5497
Date 12 Juyly 1978

Gun Data

Upper Trace
VoltagelQOmV/div
Time ScaleLQLEEE/div
Inverted?(i%ér No

Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Inverted? Yes ‘?é

Attenuation

Voltages
Ch. 1 0.02V /div
Ch. 2 _0.02v /div
Ch. 3 _0.02v/div

Ch. 4 _0.05V /div

Time Scale .5msec/div

Sustainer Voltage 25.8kV
Flow? On ( Off

Gas Type N

-—2—

Notes: Horn muffler

=~
v

R ]

PN




PVC Circulator Experimental Data

Page 212
No. 5498
Date 12 Julv 1978 -

Gun Data
1. Upper Trace

VoltagelQOmV/div

N

. | o«
WOUSE: S| SRGS: NG SR .
| |

Time Scale lO]*seddiV

s
Inverted?( Yes, No
2. Lower_Trace
Voltage 2V /div

Time Scale 500nsec/div

Inverted? Yes (No,
S

Attenuation

Voltages

PA Ch. 1 0.02V  /div

P7 Ch. 2 0.02V_ /div

P5 Ch. 3 0.02V /div

T7 Ch. 4 0.,05v /div

Time Scale lmsec /div

Sustainer Voltage 25.8kV

Flow? On (Off

Gas Type N;

Notes: Horn muffler

Analyzed Data: P P
4 s 3
| R N
E = 50.70 NONNNNT i |
| .
f
_j_l
D




E

PVC Circulator Exverimental Data

Analyzed Data:

Page 213
No. 5500
pate T2 Juiy 1978

Gun Data

Upper Trace

—
.

VoltagelOOmV/div 1
Time ScalelQusec/div

Inverted?fieé§ No

2. Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Inverted? Yes Séj

Attenuation 1

Voltages .
BLoCh 3 J0102V0/diy i

P7 Ch. 2 0,02V /div

P. Ch. 3 0.02V/div

T, Ch. 4 _0.05V /div

R

Time Scale S5msec /div
Sustainer Voltage 25.8kV

Flow? On (Off) !

Gas Type NE

Notes: 12-1" honeycomb
sections(6 coarse + 6
fine) 1 KHz low pass
filter ‘

PQ’TA P

5

54.08

N\

]

R
|
|
|
!
|

h—‘
{

~J




-

k2

PVC Circulator Experimental Data

Analyzed Data:

Page 214
No. 5501
pate 12 July 1978

Gun Data

Upper Trace

[

Voltage 100mV/div
Time Scale lQusec/div
(Yoo

Inverted?(Yes) No

2. Lower Trace
Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes‘ §8i

Attenuation

Voltages
P4 €h. 1 0.02V /div

P7 Ch. 2 0.02V_/div

PS Ch. 3 0.02V /div

T, Ch. 4 0.05V /div

Time Scale 5Smsec /div

Sustainer Voltage 25.8kV
Flow? On VQE;/
Gas Tvpe N,
Notes: 12-1" honeycomb
sections (6 coarse +
6 fine) 1 KH2 low pass
filter
P

S
5344 Fs

E = 54.08

NN

ettt s




oy

PYC Circulator Experimental Data

Analyzed Data:

E

Page 215
No. 5502
Date 12 July 1978
Gun Data

1. Upper Trace
VoltagelOOmV/div
Time ScalelQusec/div

Inverted?(lg;) No

2. Lower Trace
Voltage 2V_ /div
Time Scale 500nsec/div
Inverted? Yes NE

Attenuation

Voltages

P4 Ch. 1 _0.02v /div

P, Ch. 2 _0.02V /div
P5 Ch. 3 _Q,02vy/div
it

’
(=3

Ch. 4 _0.05V /div

Time Scale Smsec /div
Sustainer Voltage 25.8kV
Flow? (On) Off

\/»
Gas Type N_
Notes: 12-1" honeycomb

(6 coarse + b fine)
1 KHz low pass filter

62.53
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PVC Circulator Experimental Data

Analyzed Data:

Page _ 216
No. 5503
Date 12 Julv 1978

Gun Data

1. Upper Trace
Voltagel00mv/div
Time Scale]Qusec/div

Inverted?( Yes' No

2. Lower Trace
Voltage 2y /div
Time Scale 500nsec/div
inverced? Yes ;?5

—

Attenuation

Joltages
P, Ch. L 0.02V /div
P_ Ch. 2 _0.02V /div

P5 Ch. 3 0.02v /div

T Ch. 4 _0.05v /div

g

Time Scale 0.2sec/div

Sustainer Voltage 25.8kV
N

Flow? (On Off

Gas Tyvpe N,

Notes: 12-1"_honeycomb
(6 coarse + 6 fine)
1 KHz low pass filter

E = 69.29

ENN\N\NE

3 4

5[.
SAI
|

b ]

] 7 &

- e

Figh rAtmonl S o i e T




PVC Circulator Experimental Data

Page 217
No. 5504
Date 12 Julv 1978

Gun Data

[

Upper Trace
Voltage1QQmv/div {
Time ScalelQusec/div

Inverted? Yes No

2. Lower Trace
Voltage 2v /div
Time Scale 5(Q0Onsec/div
Inverted? Yes :ﬁo

Attenuation

Voltages

2, Ch. 1 0.02V /div

4 —_— |

P. Ch. 2 0.02V /[div |
PS Ch. 3 0.02V /div

T& Ch. 4 0.02V /’diV

Time Scale (.2sec/div
Sustainer Voltage 25.8kV
Flow? (On' Off

Gas Tvpe

Notes: 12-1" honeycomb
(6 coarse + 6 fine)
100 Hz low pass filter

Analyzed Data:

3 . 4 *AON\N5 - [

E = 70.135 ,.i
2 |

) f

|t 61

i TN *
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PVC Circulator Experimental Data

Analyzed Data:

E =67.60

Page 218
No. 5505

Date 12 July 1978

Gun Data

1. Upper Trace

Voltage 100mV/div

Time ScalelQusec/div

Inverted?f§;;7 No
o S

2. Lower Trace

Voltage 2y /div

Time Scale 3)QQpsec/div

Inverted? Yes .593

Attenuation

Voltages

P, Ch. 1 0.02V /div

4
P_ Ch. 2 0.02V /div
, _0.02v_
P, Ch. 3 0.02V /div

Ts Ch. 4 _0.02V /div

Time Scale0.2sec /div

Sustainer Voltage 25.8kV

e

Flow? (On) Off
On,

- \
Gas Type N,

Notes: 100 Hz bandwidth

low pass filter 12-1"
honeycomb (6 coarse +

6 fine)

TR —
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PVC Circulator Experimental Data

Analyzed Data:

E = 65.065

Page 219
No.

2206
Date 12 July 1978

Gun Data
1. Upper Trace
VoltagelQOmV/div

Time ScalelQusec/div

Inverted?\!gs) No

Lower Trace

(3]
.

Voltage 2y /div
Time Scale 500nsec/div
=

Inverted? Yes §9f

Attenuation

Voltages
PL Ch. 1 0.02V /diwv
P7 Ch. 2 _0.02V /div
P Ch. 3 0.02V /div

T_Ch. 4 0,05V /div
2

Time Scale S§pgec /div
Sustainer Voltage 25.8kV
\ -

Flow? (On) Off

Gas Ty h\

as Type “E

Notes: 12-1" honevcomb
(6 coarse + 6 fine)
1 KHz low pass filter

P N\NN\NEF

—

~
i
|
]
1

-
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PVC Circulator Experimental

Data

Analyzed Data:

E

70.135

Page 220
No. 5507
Date 12 July 1978

Gun Data

Upper Trace

Voltage 100mVdiv
Time Scale ]Qugeddiv

Inverted?\zEé) No

Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Inverted? Yes Qﬁ;

Attenuation

b

Voltages
Ch. 1 0.02V /[div
Ch. 2 _0.02V /div
Ch. 3 0.02V /div

Ch. 4 _Q;géy_/div

Time Scale M,’ﬁiv

Sustainer Voltage 25.8kV

"y
Flow? \03 Off

Gas Type N

—_—

Notes: 12-1" honeycomb

(6 coarse + 6 fine)
1 KHz LPF

N

B




PVC Circulator Experimental Data

Analyzed Data:

Page 221
No. 5508
Date 12 Julv 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQused/div
Inverted?(igg No

2. Lower Trace

Voltage 2V /div
Time Scale 5(Q0nsec/div
Inverted? Yes ‘ﬁg/

N

Attenuation

Voltages

P, Ch. 1 0.02V /div

&5

P7 Ch. 2 0.02V /div

P3 Ch. 3 0.02v /div

T, Ch. 4 0.05V /div

Time Scale 2msec /div
Sustainer Voltage 25.8kV
Flow? On \§EE>

Gas Type N;

Notes: 12-1" honevcomb
(6 coarse + 6 fine)
1 KHz LPF

t 3. 4+ N\\\\\ * 5
» E = 65.91 i
3 |
2 .
[ 61
g 1. ¥ it
f A
)

M e —— » — - o) v e R . o Ao T e T
- — NP M .h' - II‘
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PVC Circulator Experimental Data

Analyzed Data:

Page 222
No. 5509

Date 12 July 1978

Gun Data
1. Upper Trace
VoltagelQOmV/div

Time ScalelQusec/div

Inverted? Yes) No
Sl

2. Lower Trace

Voltage 2V _/div

Time Scale 500nsec/div

Inverted? Yes Yo
~

Attenuation

Voltages
P Ch. 1 0.02V /div

P_ Ch. 2 0.02V /div

/

Py Ch. 3 0.02V /div

TS Ch. 4 0.05v_/div

Time Scale 5Smsec /div

Sustainer Voltage 25.8kV

Flow? On \gff;

Gas Type N
—

Notes: 12-1" honeycomb

(6 coarse + 6 fine)

1 KHz LPF

E = 54.08

il e - e

3. 4+ NN\ -5

—— g
‘ 5 S — A— —— # g o

_—




PVC Circulator Experimental Data

Page 223

No. 5512

Date 12 July 1978 - ;
Gun Data é

1. Upper Trace
VoltagelOQOmV/div
Time ScalelOusec/div

Inverted?(Yes; No

N~

Lower Trace

Voltage 2V /div

Time Scale 500nsec/div
Invertad? Yes axéi

Attenuation

Voltages .

2, Ch. 1 0.02V /div

Ch. 2 0.02V /div

P3 Ch. 3 _0.02V/div

T, Ch. 4 0.05V /div

Time Scale (.2sec/div
Sustainer Voltage 25.8kV

~
Flow? (On) Off

Gas Type N

Notes: 4-1" honevcomb |
(2 coarse + 2 fine) : |
1 KHz LPF ¢

Analyzed Data: i

S 4+ N \.\\:, *5

E = 64.22

.




PVC Circulator Experimental Data

Page _ 22/
No. 5517
Date 14 July 1978

Gun Data

1. Upper Trace
Voltage 100mV/div
Time Scale lQuseddiv
Inverted?fiéE) No

2. Lower Trace
Voltage 2V _/div
Time Scale 5Q0nsec/div
Inverted? Yes §§

Attenuation

Voltages
P, Ch. 1 0.02V /div
P_ Ch. 2 0.02v /div

V1 Ch. 3 0.20V /div

T, Ch. 4 0.02V /div
4 0.02v

Time Scale (.2sec/div
‘ ! ' ' Sustainer Voltage 25.8kV
o AN ; 4 | . i
LR L o o o
[ ! '
il

|

Gas Type N
—z—

Notes: 4-1" honeycomb

(2 coarse + 2 fine)
I KHz LEBF

Analyzed Data:

E = 65.065

3 - - - 4
L e —— » p— —_ w




PVC Circulator Experimental Data

4

§

AT v N e

Analyzed Data:

> -

Page 225
No. 5518
Date 14 July 1978

Gun Data

Upper Trace

Voltage 100mV/div
Time Scale lQused/div

ST
Inverted? Yes No
Nt

Lower Trace
Voltage 2v /div

Time Scale 5(00nsec/div

SR

Inverted? Yes Q§

Attenuation

Voltages

Pg Ch. 1 0.02V /div

5 Ch. 2 0.02V /div

Ch. 30,20V /div

5 Ch. 4 0,02V /div

Time Scale Q, 2sec /div
Sustainer Voltage 25,8kV

N —
Flow? Cn; Off

N—

Gas Type _\

Notes: A—l”-honevcomb

(2 coarse + 2 fine)
1 KHz LPF

fe OO &
|

e g e VP BT O T RAIT £ P T A PN
e §
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PVC Circulator Experimental Data

Analyzed Data:

Page 226
No. 5519
Date 14 July 1978

Gun Data

[

Upper Trace
Voltage 100mV/div
Time Scale lQused/ div

e
Inverted? Yes, No

2. Lower Trace
Voltage 2y /div
Time Scale 500nsec/div
Inverted? Yes ﬁ&

Attenuation

Voltages
P, Ch. 1 _0.02V /div
P Ch. 2 0.02% /div
4 Ch. 3 0.10V /div

Tc Ch. 4 0,02y /div

Time Scale 0.2sec/div
Sustainer Voltage 25.8kV

oy
Flow? On) Off

~

Gas Tvpe N,
Notes: 4-1" honevcomb
all small (fine) 1 KHz

LPF

E = 87.035

Siie 4-‘{\\‘\ \\‘,-5 ‘]

|
g8

|

—

1. { =

!
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PVC Circulator Experimental

Data

Analyzed Data:

E = 87.035

Page 226
No. 5519
Date 14 July 1978

————

Gun Data

[
.

Upper Trace
Voltage 100mV/div
Time Scale 1Qused/div

N
Inverted? ¥e§, No

N

Lower Trace
Voltage 2y /div
Time Scale 500nsec/div

]
Inverted? Yes Yo

Attenuation
Voltages
P4 Ch. 1 10.Q2V. /div
PS Ch. 2 _0.02V /div

, Ch. 3 0.10V /div
A Q.10V
T5 Ch. 4 _0.02v /div

Time Scale 0.2sec/div
Sustainer Voltage 25.8kV

Flow? (Om) Off

Gas Type N

Notes: 4-1" gonevcomb
all small (fine) 1 KHz
LPF

S 4 NONN\\\{* 5

el e don

iy
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PVC Circulator Experimental Data

S
\

— ﬁ&,ﬁw‘\d\j&.".«/‘ww—\/\’\w«»

‘MW

‘ /
iy f“v/\v

Analvzed Data:

Vi VAP NOS

X ol A '
| ,"."Vj W, Lhas
M}

Page 227
No. 55211
Date 14 July 1978

Gun Data

P
.

Upper Trace
Voltage 1QQqv/div
Time Scale 10used/div

72 (Yes'
Inverted.\!3§’ No

2. Lower Trace

Voltage 2V /div
Time Scale 500nsec/div
Inverted? Yes Qiéf

Attenuation

Voltages

P, Ch. 1 002V /diw

Ps Ch. 2 0.02V /div
'\74 Gh. 3 _0.0i/div

TS Ch. 4 0.02V /div

Time Scale Smsec /div
Sustainer Voltage 25.8kV
Flow?  On Off

s

Gas Type N

P4

Notes: 4-1" honeycomb
1 KHz LPF small (fine)

PREE SRR O
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PVC Circulator Experimental Data

Analyzed Data:

E

80.275

Page 228
No. 5522
Date 14 July 1978

Gun Data

1. Upper Trace
Volctage 10Qmv/div
Time Scale 1Qused/div
Inverted?ﬁggg' No

2. Lower Trace
Voltage 2V _/div
Time Scale 500nsec/div
Inverted? Yes ‘§§

Attenuation

Voltages
P, Ch. 1 0.02V /div
P. Ch. 2 0.02V/div
\% Gh. B OV idAw
T. Ch. 4 _0.02V/div
Time Scale _Smsec/div

Sustainer Voltage 25.8kV

Flow? \33 Off

Gas Tvpe N

Notes: 4-1" honeycomb
1 KHz LPF small




PVC Circulator Experimental Data

Page 229
No. 55013
Date 14 July 1978

Gun Data

1. Upper Trace
Voltage 1Qopvdiv
Time Scale lQusec/div
Inverted?&i%? No

2. Lower Trace
Voltage 2y /div
Time Scale 500nsec/div
Inverted? Yes &gé

Attenuation

Voltages
P4 Ch. 1 0.02V /div
P5 Ch. 2 0.02V /div
Vs Ch. 3 0.10v /div

TA Ch. 4 0.02V /div

Time Scale Q,2gec /div

Sustainer Veltage 25,8kV

Flow? @ Off

Gas Type _ Y

Notes: 4-1" honeycomb
all fine 1 Kz LPF

Analyzed Data:

: 3 NN\
: E = 67.60 I !
|

2 8

. 16
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(@]

kG |

o«

FROGK

CO“PAR

(AA]

w

e )

W) T

~

"

AY
o
=)

:
-

PAR AN
.
4
.
:

CCM¥ON
COMMON
COM™MON
COMMON

CCMmYON
COMMON
COM~ON
DIMENS
DIMSERS
DI MENS
NE CCN
Sz¢=1¢§
I1C=11I-
“1=II~
Md=dd=
RT OF

=& THE
CP=0s2
3=1,6

xz€11=
RE=53,
Xe=211
X30=0U,
XU=19¢
XL=169
XxST=C
XX0 =0,
XF=040
FLAG==
X£S=0,
:G=S-3
DFIMES
XMF=C,

i e e I

L I S A B R 0 T e B R )
(%)

T

OO e

- nN) e

<.,

TH AVCO=-EVERETT (PS5)

IR ISEE=15¢4

ER JJ=23

ER w=1¢2

ER II=ISEG+1

Ex N=1°¢

K NI=46

/A3C XTy& T I4sEQ04T1,TO

2y 0TIy
TASPT/ AZ4S24P2,T
/130 BIC (M)
/CONST/ XDyXF
robo/
fOLLS CSLUNZ) gCSRUNZ) 3 SLIN) ySR(N)
P/ PIUMG T T o)l )
N XTC0) o 2 ) X3 GH)
BC1EM)y8C2(M)
Saln)
T

S

o

12 O D~
P

3> &
P

MDEPENDENT VARIAELES
PARAMETEPRPS ALSO)

231

.’:,CP,CV'vaqv;{RyU'A,CAgC?,CCv"”(v"sz

-
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B e A

r

.~

C

END

SC0UN

X\':i:’:o’

XVC==%eC

OF INDEPENDENT VARIAELES
F=XF

5C11=x5r011/X%L
5C21=Sz2PxSzG/TO+3C11
X=8C21=aC 11

DX=X/SEG

DIS=TOD*DX

HX=247=0x

Cv=CF/3
RE=RF/77ce141
A=RF*2T,1723
XST=(XXST/G/RR) /I CA/XYL)
XP=XXD/XL
TZ=A*XTZ/XL

A2=T2Z

SS=XES/G/RR
TI=A=XTT/XL
TO=a*XTO/XL
XT=XP/AFQ/R
A=SART(Cxk=xXT)

g=(XUu/4a)

CT=AxDTIME/XL
CA=(G5=1e0)/(245%G)
Cz2=(C+149)/(Z2,0%G)
CC=2.0/¢3+1.0)

DARY CONDITIONS (LEFT)
3C1(1)=8C11
3C1(2)=FLAS

3C1(3)=U

SC1(6)=A/2
8¢ 1 (S)=%S
5C1(¢6)=xST
zC1(7)=xD
3C1((3)=xP
3C1(5)=XR0
=2C1(12)=xT
3C1(11)=xF
3C1(12)=XNF
DARY CCONDITIONS (RIGRT)
3Cec(1)=8C21
3Cc(z2)=FLAG
3C2(3)=L
5C2(e)=A/A
3C2(3)=kE3
BC2(6)=XST
5C2(7)=xy
3C2(Z)=xP
3Cc(¥)=XR0O
3C2€10)=xT
3€2¢11)=XF
8C2(12)=XNF
ZEOUNDARY CONDITIONS
DO 15 J=T 4d J
90 14 K= ,M
P(K914d)=2CT1(K)




R -

P(K I1sd)=2C2(x)
CONTINUT
CoN T1~'

I < ——— -

- .
[V =

' 5y ]
‘.

FC14IM14,1)+0X

(83
U oW e
—
o
~
ni
~
"
r
I

—

PR R N )
X o XX U DT UL N
—

w W W w

C) b4 b4 b4 bd 4 b4 b4 b b
ZOOOOOOOO OO

b D R AN AN NN AN A A A

01(’*

F40) L

._x(',,-\»\/\[\c‘( _axr¢)»vvu|| W n v unn
g I ;]

S H = 2 (XN e

0
~
x
-
" enr
) o o

-
o
()
[®]
/
H
ME N~ Tl XX X X N e T

17 CON*T‘

s
= on o3

non ll n-~n "
D
NN

LI AN BRI o8 B 72 T [ I N

» U H U L

51'k*Tc
SQRT(G*Kk*T2) /A
S2=(2eC/(G=1,0))*ALOG(AZ)~(1.0/G)*ALOG(P2/EIC(3))+S1
CALL XPPES(PZ EIC(B),AZ2,281C(&),G,°RES)
X8=21,0+((G+1.,0)/(G=- 1. ))*PRES !
X2=(G+140)/(G=1,0)+PRES i
DENS=XA/XS i

TEMP=PRES/DENS

SFEZD=SART(TEMP)

C SY0CK wAvE

SWl1)=x/240

SW(2)==1CC2) {
, Sw(2)=SART(CA+CR*xPRES) 4
SW(L)=CCrx(Sw(3)=1.0/Sw(2))+31C(2)
SW(S)=21C(3)
Sw(s)=PRES*3IC(3)
Sw(7)=51C(5)
Sw(2)=DENS*BIC(S)
SA(G)=5IC(9)
SWw(10)=TecMP=EIC(10)
Sw(11)=2iCC19)
Sa(12)=CSPEED*SIC(4)
SW(13)=21C(4)
SHECP*ALOG(TEVNF)=%R*ALCI(PRZS)
SW(16)=SH/G/RR+EIC(S)

\

m

)

b~ -




E1=5L(1)
I0=3R (1)
DO 22 I<=2,N
SLETK)=SWwCIK)
SRCIK)=Sw(IK)
CONTINUR
SL(2)==5a(2)
SLC&)=ZICC3)=CC*(Sw(3)=140/Sw(3))
C CONTACT SURFACE
PZC=PRES*EIC(Z)
CSLCLY=SE (1)
CsSL(2)=5L(2)
CSL(4)==1,2
CALL CONTC CSLE4) , P22 ; BLCCEY , CSLCET) )
CSR(1)=Sx(1)
C3R(2)Y=SR(2)
F ESR(GI=+T 0
I CALL CONTC £Sp€é) o P2Z ., BICCE) 4 CSREZ) )
f WEITE(S,259)

(92
n

233  FORMAT(1H1)
WRITE(E,300)

300 FORMATCSN ) "LOCATION® 42Xy "TIME® , BXy "MACK 910X,y 'U2"3 10X, UT",10X,
1 CBZY 10K, VPT Y 9K YRO2 4T Xy Y ROTY)

WRITEC(E,3C1)

301 FORMATCIGX g T2 910X " TT 910Xy A2 g 10Xy "AT1*,10X,'S2',10X,"'S1")

ARITE(E,105) SL
WRITE(6,109) Sk

139 FCRM™ATC(IX,'Sw="y2X,379(2X,E10.4),2Y, 'MAIN")/)
WRITE(6,201) CSL
wRITE(L,c01) (SR

201 FORMAT(2x,"INTZRFACE',5X,6(2x,E10.4) )

€ SET UP CAVITY CONDITIONS

|

!,

; B0 33 Ik=1,11

I HAX =P (1,1K,1)
K¥¢=n
IF(HRX,

N

(1) s ANDeHEXSLESSR(1)) XK=1
A

.
— NNV WNT

o
-~
r
-
—
ol
-

SRS G
S T PV ¢
T WV WL
rJ

~ NN e

z CCNTINUE

| OLUTION

| 1S=1SE&/2

8 & Ia=154+1

i pC 12 J=1,id

; - DO 12 12=1,71

' I=1w=21
IFCIZs0Eslnw) 111
i DC 10 &=1,M
X1(K)=P(Kylyd)

JFPe = 1%z

a
] é x2(<)=.°(v<.2°f.v.l)
BEni 16 CONTINUE
!

e
g |
i #

-
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(A9}

-
T
n

S B =

i

+
N o= = = o~

) ~r x
U | e~

U U b1 U™
A~ N D ) D 2.
B N
- .
PEC N S I SSu S R O Y
st

N -

mn - -

CONTINU
CONTINUE
CONTINUE

PE2 o 1o d )= C2,
Plz,I11,04)=P(Z
SGLUTION

NT QUT SPECIAL
INTOUT LOCATIO
VASEL+AVA

VESEl+AVE
VE=ET+xVC
YV=Je25*8C21
VH=0,75*5€C21
CAEL BT VA
CALE PLTGC V3
CALL PLT( v C
caLl PLT( v
CALE PLTC El
CAaLL FLTC SWC1
CALL PRTC EC
CALL PLTC Vo

PI=El-240*%DIS
PE=SC+2.0*C1IS
IpC(PI«LT+8CH 1D

I=(°_.aToSC21)
CA=PI=XIN
CONTINUE
DA=DA+XIN
CALL FLTC DA
I[FCDACLEPED €

TCLT
WRITE(L,1)
FCRYAT(1r1,5%%
DC 2C J=1,44
0 19 121,11

C

X2,X3,SL,ySR)

2,440
1 I1Cydd)

RZSJULTS
NS

)

R

¢

o0 0
n ok
non
'Y
[aNe]
n =
-

)
& 1o 2

s PARRAY P (K,I,40")

(P(K I,J),K-19M)

2 2(2XyEG 4),

2X 91Ul 82X,
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SUBRCUTINE RADIUSCNyXyYeZ,yLD)
DIMENSION XCR) ¢YCON) g2 (i)

IT0.01

x=¥(1)

TX=x(2)

gy=y (1)

Y= w20

£2=2(1)

TZ=2(2)

DA=SGRT( (2Z-EX)*x*2+ (TI=-TXx)wxxZ )
D23=SGRT( (EZ=-EY)x*x2 + (TZ=-TY)xx2 )
IFC DA «LEs R D Loi=

LEC PE «LEs R ) Lo=1

LECLD) 292y

WRITELE39) ReEXaTXgEY5TYWEZyTE
FORMAT(2X ¢ *RADIUS " 92Xy 7LFT265,eX) )
CONTINUE

RETYRN

UEROUTINE SSS(NN,AAY,AAZ,AA2)
ARAMETER M=12
IZENSION AATONN) ,AAZ
I“ZNSICN AA&(M),rr3(Y
AZ(3)=(AAT(2)+4A2(2)
AAZ(G)=(AAT (L) +AAZ(L)
AAL(2)=4A3(3)
LL=9

Lp=q

CONTINUE

LL=sLL#1

LMAX=3

LN=LL=-LMAX

TECLNY 1031035418
CONTINUE

CALL GEO(NN,B8AT,AANC,ALZ,ARL)
CALL SOLUCNNJAAT,AAZ JAAZ AALyHHD)
TEST ROUTINE

CALL PADIUS(INN,AAT,BA2,8A2,LD)
IFC LD «G6Tw € ) GO0 TO 106

r O O 0w

wn

IF(AA.-(B)'EQOC.") AA3(3)=1n\:E":
IFCAAZ(R) eC@eT40) AAZ(L)=1,0e-0
RVE(ARZ(3)=HHZI(L))/AATI(D)

236
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LAk e -

F—

Bt it s iR

B —

(o) =HR2 (L)) /AA3 (L)
(PV)o3TeTX) IT121141
(FA)WGTWTX) II=1I+1
102,102,101

n I

O U
Z ~~~~
‘404))))/\

~ N N TJ

>
P
T

(3]

:.L),_‘X"LVAX ’I vZXy'SSS')
),IM“‘yN)

),IW T9M)

= 1),cX. AAT")

E )'LXy'AAZ')

~ O
- o

RV4yRA,AA3(T),
i

MDD O WM
o - S~ -
Mo e MmO ko O

~ A~ A~

L I e S o
(Y (e

¥F ¥ m 2

CONTINUE
CALL PPP(AN,ART,AA3)
AA3(12) =0l

RETURN

IND

SUBRCUTINE GEC(MN,AAT,AA2,AAZ,AAG)
CCMYON /CONST/ XDoXF

DIMSENSION AATONN) ,AAZ UMY JAAZINYN) yARL(NN)
R1IZ2=2(AAT(2)+AAT (L) +AAZ(2)+AAL(4))/240
S12=1.0/R13
RZI=Z(AAZ(Z)-aAZ (&) +AAT(2)=AA3(L))/2.C
§22=21.06/R22

312=AA1Cc)=-512=8A1(1)
323=AA2(2)=-SC22=842(1)
AAZ(1)=(el3~812)/(S12-522)
AA3(2)=812=AaA2(1)+E12
S12=(ART(2)y=AAC(2))/CAAT(T1)=RAAZ(C1))
312=AAT(2)=512*2A1(1)
R2L(AAT(2)+RAG(3)) /240

SZ6=1.0/RrR24

S24=AAZ(Z)=534*%2A2(T)
ARG (1)=(512~-234)/(S26=-512)
AAL(2)=S34*xANL(1)+224
S(ARC(1)=AASL(1))/ CAAZC(Y)=~AAT (1))
ARG (S)=(1e0=PF)xuA2(5)+PF*AAT(S)
CALL HEATCAAZ(1),2A2(2)AR2(3),AAT(L)4AR3(3),AA2(%))
CEALL HZATC(AAG(T) ,AAL(Z) yAAL(Z) yAAL(L) yAAL(S),AAL(K))
ARZ(7)=XL
AAZ(11)=xF
AAL (7)=X{
RETURN
END

SUEPQUTING HeAT(Z,T,yUsAA,S,n)

COMBON JABC/ XToA4DTLEILZEQ0sTI,yT10
COMYON /0D00/ GyCPyCVyRFyRyRRyUyAJCAZCB8,CCyHXyAZyZCRO,FyXL
TE=(AA*RA/ 1 a0/ 140)*XT
I=v
H=_ .G
XH=G/ (TEXDT*G3xRR)
[IFCEeGTeEIeAND eZ24lLTeED) 1I=14+1
IPCTeBToTIoaANDeTWLTTO) I=21+1
IfCIe=oc) H=XH
RETURN
=END
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S T

JT:‘-E S;L(‘1'|OAA1pr‘-AZQAA.:«yAAB,H"‘z)
N Oul GeCP o lVyFFyRyRRyU9AZCAZC2,CCyHAXyAZ,2
ON ~A1(‘.'\')'AAZ(‘J‘i).AAS(N‘\‘),AAQ(NN),HHZ(N‘.)

2 m
-

ERD, FyXL

O o O w
-4r-\—#-!i

)IlJ)(;IAAr-no-c(‘.i;’(f()

n

-

.

=

£

/\l\vbr»

7 Nt
C o e
by
3
«
~

LN R Y

—~ o~
-

)

P V2

<

= 9 X L)HtJC_

Y=226C1))/CAAZ(1) =221 C 1)) 2 (AAT(3)=AA2(2))+AA2(T)
2)=AAL(Z))/CRAC(2)=ART(2))) = (AATC2)=AA2(2))+2A2(3)
*(=L+Sy)

N

~ I T 3
.

Ly Ko BN

~

nw e nnu

L I T O R | R | I | | I e N I e e

At~(*)°*“<(*))/’.u

20/ (5=1.0))%x2A1(4)+AAT(32)
e/ (G=1eC))*AA2(L)=AR2(Z)

AATCL)*+rH2(&))/CW0

A52(~)+HH3(4))/2.0
1(2)+rH3(3)) /2.0

A2(3)~4H3(5))/2.C

AA1(*)’hH3(‘))/?.G

20E) +HHZ2(A)) /2.0

1(‘1)*~~’(‘1))/4.3

201 T)=r52C11)) /¢ .0

AT CZ I+ BRI ETY NIE WG

2! B C

O CC XY o U sE O 1

llf\/\r\/\l\br

(1]
» ¥» 12 A~ M >

IY)“K
l

AN =3 D DN P N
VS DY I PV A R Sy ST PR UVIR DO TN I o

|~~~

L

'O m o

NAZ C7ZYEENTZC) ) /e o0

( A1(?2)*x=xZ2+AH2Z(7)%xx2)/2,)
(RAZ(7) "%+ H2(7)*x2) /2,0
(AAS(7)**x2=AA1(7)x=2)/DD153
(RAZ(7)**x2=A82(7)=x=xZ2)/DD22

(SIS
" (»II'J [ RN )
S e R (]

"~

N ™

3 3(1)-A$c(

—-l\')UD\/U
—
~
)
~

(2 BENVA I o B S B AN BN

~
~

32 > T ia

3 222 I X 2 Il
1) = (N )

~ A~~~

o
w
-

OVERNING CGQUATIONS
Se+DS4Zx(T2=T4)

Bl &A1 5% 0SS 3=51)

1 *( (3=1.,3)*A13%x0513

1 - 812=U12=0A21

1 FI2xU 3 =xAcSCUT2Y 72:C/013 JxET3=T1)
e+R23%(S52=52)

( (C=1+0)*A22=DSZ2

1 - Ag2xlJcZ*DA22

1 - C22*Uc3*AsS(UZIY /2407022 Yx(T2=T2)
N GOVERNING EGUATIONS

(P2=Q3)/2¢9

(G=1:C)2(P2+G3) /4,0

(2

(N D N =2 PN -2

nwn = unn

T w I W — —

SUBROUTINE DPP("'\.AA1,AA3)

NUON /L'\J/ ':"C;'CV'?F’R'RQ,U’A':A'C?'CC'-’Y'AZQZEKC,F'XL
ENSIIN AATCNMN) gAAZ(NN)

(e C/UG=T4eCYY2ELOGCAAS (L) /ART (L))

e (AL3(35)=A21(5))

(9)=2A41(&)=exP(C1=C2)

3(12)=sewanxpal (o) eAZ(L)/G/R

(8)=2AZ(F)ex=ApA3(17)
u

(&)
‘I

= 0D = ke

NN

[
[ I TV

M A > P s>y U O
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SUSRCUTING FIGCMNX9GAATJAACAAZ SWbh oy Sak)
PARAMETER M312

PARAMETER N=1S

DIMENCION AATCAX) JAAZINX) yAaRO(NX)
BIYENSION AALONM)

DIMENSICN SWLON) pSaR (YD
IFCAATCZ) slT e CJ4d)) AAT(2)=432(2)
IFCAsZ2C2) oL To(0ed)) AAZ(2)=AAT(2)
RNAZ(E)=CARATCZ)»aR2(3)) (2.8
AAZS(6)=C(RAT(4)2ARC(4)) /2.0

RAAa (22=243(3)

Nm=0

CALL ChXRONXyAAT,AAZ,AA2  AAL,,SwR,NM)
IF(NM) 109,109,107

CONTINMUE

Mv=0

\.ALL CF'L(\K AAT Y AAZ g BAZ ARGy Swi V1)
FCMM) 110,110,167

C:.‘aTI"’L.'E

CALL SUT(NKyAAT AARZHWAAZ)

. e -

SUER B G i
RETURN

INU

SUERQUTINE SUB(NyALE.C)

PARAMETER NZz=dy NA=1S

COMMON JLPLLJ CSLUANZ) yCSRIENZ) o SLENA) SR INA)
DIMENSICN AlM)2 (N, CON)

¥z

:ALL CCS(‘!'A,“’C,\.DL' )

LFCNM) 139,105,107

CONTINUE

W=

CALL CCS(MNyA¢39CyCSEeYM)
IFCMM) 110,110,107
CONTINUE

CALL SSS(N4A,3,C
COCNTINUE

RETURN

(3]
<

t

gBAlgAY 3 SyPRES)

=
n
>
o]
b3
fi:
()
~
U
-
-
e

now

Q
(o I e
o —

U X v
D> = s

S Mmoo MO e X X O

-YX

d v*u/(\:‘1oC)

RES+XX
~-1.V)'('1/Ak)*(pcﬁi'1-0)
FT(._.#'U)
QRATCZeC*G+(G+1,0)>*(PRES=140))
3 T=XA/XT/XCYx* )

n e e
-

wonom nom
0 e

&

e
O *
QT
n

non

n
n

v
»*
~
~
N

-

1

o~/

YaGT.TF) 60 TO 1

59 K w60 i 3 0 70 (75 ] f\ w I WD
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~
o
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T
0
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SUSRQUTING RAM(NN,221,882,PR,xX)
COV""OF-. /DD:)/ G’Cp'CV':’F'RyRRq‘JyA'CA'CB
:I'EYSI i ‘”’1(\11 ’E:Z(I‘\\)
Xaz1la0+( (F+1._)/(-—1.:))*PR
X2=(o+1430)/(C6=1,4)+PR
322(1)==31(1)
222 (2)=23581(2)

20a)y=881(5)

2(7)=2E1(7)

e (E)=PR*231(z2)
322 (7)=231(9)*(XA/XE)
232 (12)=621(12)*PR* (X /XA)
382(11)2=881(11)
V1=SGQRT(CA+C23*PR)
VZ=V1Ix(E21(9)/832(%))
382(3)=U+XX*(V1=-v2)
332 (6)=SGuRT(Gar*332(12))/A
SH=CP*ALUG(BRZ(T10)Y/RB1(IC))-RkR=ALCG(PR)
252 (5)=2H/G/RR+351(5)
RETHURN

SUSROUTINE CHXLINYNyXyY g 2yABSWHIC)
PARAMETER =12, v=12

COMWPGN /3/ BIC(M)

COMMON JCONST/ XDoXF

COY 20N /ODO/ GyCPyCVyRFyR\RRyUyACALC
DIMENSION XCNN) oY CNN) g ZONN) JAZ(NN)D
DIMENSION SWIN) gXFIM) 4xQ(M),YP(N)
FORMAT(Z2X 4" "Sw LEF*',SX,'E=';F1ZOS,SXy

12=9
12=90
ILs12
ix=14

240

2y CCyHXyAZWZERD

SLUBROUTINE SZ(NNygxN,yZ)
PARAMETEK Ni=4, v=1¢%
CoMMON ZCONST/ XDgoXF

CoiM*o LBEE S :SL(NZ3yﬁsq(\L)'SL(N),SN(\)
DImMENSIoN ZCLN)

EEiGeN ST R IS GR RIS SIEICE)
FECYNT « Gl 0o ) ZOZ)=8 00
1(6)=5LC12)

Z(3)Y=SLECl4

2€6)=0,0

2(7)=X%D

2¢3)=8SLS)

2(9)=SL(%)

Z261CY=sLcley

ZC11)=xF

I2C1Z2)==7,.6

RETURN

Wy CCOWHXgAZ Gy ZERD,F

'TO0=',F12.5)

2 Fo XL

XL
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i

7
201
<

1

b —

e e o - i e e

o .- i i

ANT=1.0
P~=Sw(&)/Z1C(2)
RSL=X(I)+X (&)
SEL=1.0/RSL
3L=x(c)=SL*x (1)
RSR=Y(3)=Y (4)
5;-1 J/RSP
“zvY(2)=53=Y (1)
Pr~( L-fR)/( Se=SL)

3S=Sw(e)=SS*Suw (1)
YP(1)=(BR-8S)/(SS=SR)
YP(2)=5SS=xYP(1)+3S
XP )= (et=8)/(SS=SL)
XP(2)=SS=XPICT)+8S

IFC YPGT) +5E. PE LAND, YP(1) +LEe Y1)
IFCXPCT) oG6Ee X(1) oANDs XP(1) LT, PE

IFC IL «E8e¢ IZ +ANDe Ik «E&e L1Z ) GO TO
IFC IL ESe 17 «B8%Je IR w6Te LZ ) GO T
TE6 L «+GTe IZ saMde Lk +G6Te IZ2 ) &2 TO
HEeC FENsGT o 17 cANPS IR wEQs IZ ) 66 ¥
CONTINUE

1(1)=F¢

202)=FT

DO 7N I=3 4

ZCI)=RIC(I)

CONTINUE

FORMAT(2X sy " CHRL Y b2y E10.6) g 22X 18) )
ECRMAT(2(Z2Xx,:C A).cx,‘1,.a,,(2x,i=.3),2
WRITE €620 P CID g Y PIE2) R G X BICE DN T

ARITE(E45) 12

50 TO 160¢C
CONTINUE

2(1)=Pc

2(2)=FT

CALL SZCNMgXNgZ)

WRITECE4201)Y YPC1) yYPCZ) o XP (1) ¢ XPC2) y1Z4¢ILy1

vn?Ip:(“q’) Z
g0 TO 10
Dg 9% I=

(

XP(I)=x

CALL HEATC(XP(1) ¢ XP(2)4X2(2)yXP(L),yXP(S),XP

XP(?)=x"2

X2(11)=xXF

XP(12)=5iC(12)

CALL RANCUMNG AP ¢ XGgyPRyXN)
NPIT;_(C'D ) K1(1)' XQ€2)
CALL SU2C(YN¢XQsYysl)

inand v s

E R

P

%)

10=90
#RITECOpe ) YT VP ety XPOT) g XPUE) oIy Il y IR
& heCEES X L
T0 190
TiNuE
URN
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S'.’;::OUT!NE CP"k;(\&'x'
PARAMETEIR =1 N=18%
COM™ON /a3l 21
COM»ON JCONST
COMMPON 23D8/ GoCPyCV,R
3:".—"4313;- x(‘\:\l)qY<\0.\')y

CINERSION 4%(\),)\-’:("‘).
FORMAT(2XK,"'Sw RIGET'yS
I10=0

1Z=0

IL=12

IR=IC

XN¥=+1,0
2e=swls)/aiC(3)

RSL=EX(3)+x(4)
SL=1.0/8sL
5L=EXx(2)-sL=Xx (1)
RSR=Y(3)=-Y (&)
SR=1.0/8SR

SRV (2)=SRAY (1)

Se=(zL=-zR)/(SF=-SL)

2T 5L*FC.>—,|
ISS=u+Sw(z

SS‘ ".,/EKC
S=3wl(c)=3S*S4 (1)
PC1)=(ZR=23S)/(SS=3R)

R N N e T T L L %) ll "

¥

Yo (2)=SSxYP(1)+25S
XP{1)=(2L=-2S)/(S5=SL)
XP(Z2)=SSxXP(1)+RS

I1F XP(1) «GEe X(1 ol
BE G YPELY G PE g AND
EE IL «EG, IZ +ANDe I
IFC EL «6Te 22 «ANES I
I:( IL cGT. 1:. -A“‘D. I
FFC IL +EGs IZ +AND, I
CONTINUS

2(1)=PE

2(c)=PT

20 1 I=% 4
ZCE¥=cICCEL)

CONTINUFE
GQ TO 12¢C

CONTIMUE

ZEV =P

2(2)=PT

CALL SZ(NNyXN,Z)

¢ To 100

¢ 91 1=5;1

YPELr=Y (I

CONTINUS

CALL HEAT(YPC(1),YP(2),YF(3),YP(L),YP(S),

YS(7)=XD

Y3(11)=x¥f
YeCiz)=81Ccl2)

YO o YR oPR X

=N
-

~

Z
»

CALL R Vo

#RITzZ (Cv,C) YGCT) 4 ¥GICEZ)
CALL SUBINNyXeYRy2)
‘ﬁ:‘_.

if C

v 10 173¢

CONTIBUE

RETUR®

YyeZoAB,Sw,I0)
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SUBROUTINE CCS(MeXygYyZyFACE,IN)
PARAMETER NL=4&

PARAMETER N4A=1Z

COMMCN JCONSTZL XD oXF

COM™MCN /uDDB/ GoCPyCVyPF o RyRRgUyA CAyCByClyriXyAZ, 2
DIMENSION X(M)aYCM),Z(M)

DIMENSICHN FACECNZYABCRX) 4YYIMX)

SIMENSICH XX (NX)

ix=0

ARX=wol

XXLSXEC1Y=FPRACECT)

IFCXXL«GTeXHX) GO TO 200

YYL=FACZ(1)=-Y(1)

IF(YYLQGTQKHX) ‘3\) TO 2UJ
IFCXC1)ecQeFACZ(1) e ANDeX(2)oEQLFACEC2)) 6D TO 220
ITPCYCI)EQaFACECTYoAND Y (2) e Qs FACECZ)Y) &3 TO 260

RCS=FACE(3)

SCS=1+(/RCS
SCS=FACZ(2)=SCS*FACEC(1)
ZOEI=EXE3) eV ER) ) /2.2
ZEeYSCACSY+Y (L)Y /2.0

A3 CIP=Z €23

CALL GEO (M XY oZAB)
PL=(2sC/(5=140))%X(&)+Xx(2)
RS20/ (5=1,0)) 2y (4)=-Y(2)
SESXN(EE)

)

e S*(5=1,U)*(SL=SR)
(PL+GR) =T ANR(CAL) +0 K
2-3L)+PL

=8L) /2«0

F=2R) /2.9
Sx(5=1.30)*(PL*GL)
2E*(2=1,0)*(FR+Q37%)
(VL+VR)

ONLY
C2Y=YC2)Y)X/¢2C1y=Y (1))
2)=S23xv(1)
=233 (S eS=50S)

E+ S
&
1

nron
=3
~

~ U
Ve VO

O N non
Hre D A A A
i) < ~aT1 Wl e v
N A~ATED ® ON D

~ W A LN
*

1) JANDsEsLESY (1)) GC TO 121

DO M NN AN VO O oo o
o

Mo b 2D D7

T
.;.5'
79
9738) XCI)yx (b)Y (2),¥Y(L),SLySK

193) GLyPRGWVLyWVE,v,yCAL

4 4 2 £ 4 H4m r DN

Critm P I O oe

Al D OO

L
(
(ZXQO(ZX,F“Z‘L)'EX"CCS 2y
&
&

-

P42 2 M NG =0 WD <O < U R)OY W

—_ o~ o~

=~

Yy(e)=qcL

YY(S)=x(3)

CALL MEATCYYCID g YY) oYY CSIaYY LG YYLSYyYYLE) )
YY<{7)=x5

YYCT11)=XE

CALE SO e X s Y Yas)

FACz(1)=¢

B T —




:
3
122
< LE
i
102
200
1¢

L < DR

NRITECE,1) FACE
FCR“AT(ZX,"\TE"FLCE'.fxyé(fkci10-h) )
G0 To 276

CONTINUE

FT LEE ONLY
S12=C2(2) =X )X/ CZC1)=xC1))
312=X(2)=812*=x(1)
E=(RrCS~-212)/(512-5CS)

T=510%24212
IF('-.'\:.:C'A(").A\‘:l'—.'LEl:(“)) 6O Tu 1’):‘,
50 TQ 230

CONTINUZ
aRITE(E,92)
NRITE(5,69)
iN=103

XX CE)=e
XXC2)=T
XXC2)=vy
AX(4)=("
XX(S)=Y(5)
CALLE HEATOXXET ) g X Xi€2) o XX CE) o XX (55 XXNES) 5 XX CE))
KX(?)=x9

XX(3)=Y (%)

XX(11)=xf

CALE SSS(%eXXaY 9Z)

FACZ(1)=E

XC3) 3 X¥(&) Y (2)yY(L),SL,y Sk
GLprvVL'VRV\/rCAL

FAC=(2)=T

FACE(ID =V

4RITECO,1) FACE

CONTINULE

RETURN

END

SUIRCUTINE COM(NNCT14C24C3)
JIMENSION Cq CNNY W CZAONN) o C2CNN)
P=(Ca(1)=C1C1))/CC3C1)=-C1C1))
00 10 I=3,4N
C2C1)=PxC3(I)+(T140=F)*>C1(L)
CCNTINUE

RETURN

END

SUZROUTING CONTUXNYyFPZyF1,Y3)

CGMVON /)DD/ GQCP'CV’QF';QRQ|U,A1CA'C9OCCOHXQAZOZFROQF'XL
PRES=P/P1

IF(PRES LT 130 PRESET,CG/PRES

YAZPRES-1,0

YE=240/C

YC=(G+1,0) *PRES

Yo=5=1.0

YF=YA*SGRT(YE/(YC+YD))

IF(XNeLTeDed) YE=U=YF
IF{XNOGTe0es0) YG2U+YF
RETLR?

geND




APPENDIX D




L < o 290
IMPLICIT REAL=®E (A=H,0=2)
DIMENSION AMT(13,18), MN(13), SVR(18), TODIF(158), EMT(13)
COMMON /VAR/ TO01G, TOZG, TO4G, 107G, T1, T2, T3, T4, To, TE,
A T10, Tl4&y T16&, T12, T20, TAZ, TOEG, T7,
2 T063G, TC4G, TO0S5G, TC09G, TO10G, TO116G6, TS, T%, T11,
£ T12, T13p Ti5s T17y TVE, TIG, TR2Gy T3G6, T&Gy TS6, T&Gy 776G
P T<%G, T$G, T1(G, T11G, TA1, EFFL, PO1G, PO2G, POZXG, 2045, POSC,
£ PJ&G, PO7G, PCSG, PO%G,y FC12G, PO11G, PIG, PG,y P2G,y, P43, PSG,
F Pé':‘lv :’73' PEC" 99(:' P1vC' p11:, P(EO). AC(ZO)' VC(ZC), CM“.
G FM2, F™M2, FM4, FMS, FM&, FMT7, FME, FMO, F8M10, F™11, AC11),
K CAMIG, GAM2G, GAMZG, GA™MLG, GA.,o. GAMEG,y GAM?7G, CAMEG, GAMSG,
I GAM10G, GAM11G, TGMI, TGMII, TG™3, TMA, GIMU, GIIMU, GIMU, AMU,
1 PRGI,
J PPGII, PR32, PRA, CPGl, CPGlI, CPG3, CPA, T¥I, TMII, TMIII, T™,
1 sz‘L" :II‘Uv 75VU' -’”L/y
K pRLy PRII. PRIII, PR, CPIl, CPII,y CPIII, CPy GCI, 5611y SGIILII,
164, &1, GII, GIII, Gy REGI,
L REGII, RcG3, RcAy, REI, REIlys REIII, RE, GFI, GFIZ, GFIII,
COM™ON/VARG/ AFy FLy FLIy Fuy EJI,
W GJIIy GJUIIIy AJy ZJI, ZJIly ZJIX1, 2Jy HGIly HGII, HGITII, HA,
¥ HI, nlly HIIL, Hy C6I1, €611y CCIII,
N CAy €1y CII, CIIly Cy UL, UII, UIILI, U, AGI, AGII, AGIII, AA,
1 TUNI, TUNII, TUNIII, TUN,
0 TOwI, TOwll, TOw3, TOw, EPSI, EPSII, EPSZ, SPSA, ESSI, £SSII,
1 €SS2y ESSy WG,
5 Q@4¢, QCORR, &PR, ALT, PAT, PA2, RHy FN(4), EFFLP, VI, VIM,
G PIGA, H1¥, CL1M, WT1™M, DC%, S5LPR, ELPR™M, CPP, CFP™M, PF, PFHM,
R R21, FLKwy wl, wII, w«IIT, w3, w¥, wV1l, wVZy wt, aS, wA, GP, GC¥, +
S @My GV1, QVv2, WEy 9S, CF23, CF34, CF&5, C(FP72, CF3%, CE910 {
COMMOMN /VARC/CF111, ATAP, H1, CLT1, WT1, ACNC(20), DC, DL(&),

DH(G), Dw(bd), CORG(L), CALCC(C4L)y DAFOAC(L), DSIG(4L), BDELLGL),
DA(4), DK(3), DSLC(&), DSI(4), DALF(&), DDH(&4), CONV(16), DELM,
ROLIM, PLI™M, F3, TITLE(28), 0P, DPI, OPII, DPIIl, PPR, PPR™,
TA1F, RHP, TIGM, DKH(4), ETIG, ET02G, ETO06G, ETO?G, ET1,
ET2y ET3¢ ETL, ET&y ETS8, ETVO, ET14, ET16, ET18, ET20, ETAZ,
TOBG,ET7, it
8PR, CwA, ONP(Z), GDI, @DII, GDIII,
aDA, EVI®, 2R®M, VLI™M, ROA1,

Q) = M = m oM e
m o

RCAZ,DAFAL (&) ,DSLL(L),AR(L)

CCM™ON/VARD/GC 4GCGyCPZyCPELZ W34, CP3,CPT1,FITII,TUNZ

COM™ON JIVAR/ NTAM, NOCSGNy, NCS,y KI, KO, NLI™y, NP(&), NFULL,

1 N3S, MNBPS, JCPRO

EGUIVALENCE (SVR(C 1),TC16G)

wk1Te(6410021)T01G6y TO26, TO0&6S5, TO7G, T1, T2, T3, TL, T&, T8,

1810, T18s Thos TASy Tode THE

19021 FOR.'AT(1I“G K"TO1G=.'E1S.775X9 'T0262.0:1So7v SX.'TO!‘“'.E"S-?,
i TSNy "FOFCE Y s ENSe 7 m/ 3% P T G ENS e 5 S X " VR Y5 ENSwT o S Xy "TZ=Y s BNS s s
' . EoNy YT 22 s BN S s S Ky " TE2" sENS o0 SN/ 3K 5 Y TRV SEVS s T 5%y "TIU=",
: SETS eT 35Xy "T1E2Y 106735 Xy " T16= Y s 8V o7 4 SNy /13K e VT 82V s BN ST 55y
; LTS Y ENSel ¢ SN "TAZ2Y ,ENS5:7)
{ ¢

2 CALL ENPUT
! 247

R i




I — e

~

o>
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PARAYETFER
PARAMITTR
PLRAYETER
CARAMETER
CaOMH4ON [F/ F
IMENSION ACN
Je=06
TEC(E y059) ”
YAT(1h1)
I-1

J=1,J04

T -

Qi s it~
c:

o
1]
-
.

r ri

O 2 o

[T
(&)

" -
=<
>

"
< N BN O~

DOX [T ~AD SO Ao

+ -
=
"
-
-
—
o

119 d) e AND XX alLT4P(1,1°1,J)) IL=I
19Isd))eb=.222) IXx=1

Uy e

C ~ GG =

4=

(S U ¢ U - S W

=
+

NN~ Z o~

e L

W k) b4 O e O e

(3~ nO "N

[ ST a)

wr B

ACEXI=PICE K ST E )
CCLX) =P LXyILPyI)
CONTINUE
CaLL Coer(My,Aa,3,C)
IFCIX) LS64,624,45°8
D0 457 Lxz1,M
2 (LX) =FCL X g8 Xy D
CONTINUE
CONTINUE
weITE(e,653)
FORMAT(2Xy'E
'R

2(1),802),5€2),8(8),8(9),3(10),1
=Y G EPe 2y 2 Ny e s BT B a2y S BT
0= gFSe6y2Xy"! =',FQ,5.LX.'IL=',IQ

2K,
CONTIMNUE
RITURN
END

245




Sl e s e e e

ARITE(6,10022)T23¢C

10022 FORMAT(IHO 34y "TOEG="9E154793X,"AFTER SUEROUTINE ENPUTY)

DMFP (2)=DNP(1)
PITE(E,10012)DNP(2)

13012 FC“AT( HG 93Xy 'ONC(Z2)="E12.8)

T 026
TCL"
T5e= C2G
710 ;=
Jvs=
501 II=0
CALL GASP(TIGy FN, CAMIC, CPIG,
IF (JCFRO «GEe O)
1 PIG=ROT*TIS/(.CB3175%%CMUY)
IF C(UCPRO «LTe Q)
N

Y G

)
=
L

1y 21, GNU)

~

1 RO1=4092172=PIG*GYMU/TIG
wGZRCI*VIZAC(Y)
FAT=wC*LSGRT(TIG/(GAMIG*GMU) ) /(2547774 %xP1G*A(T))
TOT15=TIGx( 1o +FM12fMIe (CAMIG=14)/20)
JRITEC2,19E)R01 ,GMULPIG,TIG
198 FORMATCTHC 33 x4 YRON=Y 3 1067, 5X, "EMl=" E18,7 35X, "01G8= s E1E 07,
T SXy"TIE="451547)
T115=T01¢
1C 90 2 1= ,16
DO &4 J=1,18
4 AVT (1,3)=0.
T OBMT(1)=0.0
THI=e 5% (T2+T &)
THII=es*(T2+T6)
FTHEIL = «5%CT2+T7)
will = WII
TH=a5x(T3+T1)
Z1=TS'.':-?‘~
12=T6C-Te
IF (21 .LE. CQ 00‘?. 22 oLEu \4-) ‘30 TO 1?
LF CZ1 «EQ, 72) 60 TC 1¢
TGMI=TMI+(21=-22)/(DLOG(ZT1)=DLOG(22))
&0 Y0 13
11 TGMI=eS*(T53+TEC)
G0 TO 17
C TGMI=,S5*(TS55+T&6G)
S Z1=T10¢6-T€
22=T116=-T2
I €21 «LE« U, «OR W 22 W hEe U O TO 1¢
I1fF (21 +eGe 22 GC TC 15
TCMII=TNMII+(Z1=22)/(DLOG(Z1)=0L0OG(Z2))
6G 10 16

14 TEMII=,S=(T1CC+T116)
3¢ TC 14

15 TEMII=,S*(T1CG+T116)

6 212 T1-Ta1
12=13=TA2
IF (21 vh€e¢ Ts «OR W i elLE Co) GO TO 17
I (21 «EG, 223 6O TG 18
TVMASTM=(Z1<Z22)/(0LOG(2T1Y=DLOB(CZ2))
6o TO 1°

248
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i bR

MAZ SN (TAT+TAZ)
TG 1
S (T214T22)
SASPCTGMI, FN, 21, CPGI, PRGI, GINMU, CNU)
7017

T:E

D

=
r »
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N
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(=
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ny
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; ZL)/(UL 3(Z1)=-DLOG(Z2))

aG

TGi42 = ,S*(T7G+T3G)

66 TO 22

TGM3 = 5=x(T7G+T&EG)

CONTINULE

CALL UAQP(TG“II’ FNoe 21, CPGII, PRGII, GIIMU, ML)

CALL GASPCETGMZ, FN, 21, CPG2, PRGZ, G2MU, &GNV

wRITE (S 159)JIYU,GIIMU,VI

FCRYAT(1HC SX,'GIMu=',E15.7,5X, :I:'U=.'t15¢7

CALL N‘NP"(AA“' PAT, TYA, RHy FPRA, AMU, CPA,

CALL LIZE(TWI,y F&y 2IMU, PRI, EPIL)

CALL LISPCTMII, FGy, ZIINMUy PRIIL; €PII)

CALlL LIGPCTMIIIy FGy ZIZMUy PRILIIy CRITI)

CALL LIGP(TH®, FGy, ZMU, PR, CP)

AFRGI=DL(TI)*DK(T)

AFRGII=CL(2)»LH(Z)

AFKASDL(6)*xDH (&)

GGI=wC/(DSIG(1)*AFRGI)

GEII=wC/(DSIGE2)*AFRGII)

GCIII=GCII

ch=WA/(DSIGC(L)*AFRA)

AFRI=CW (1) =DH(1)/DNP(T)

AFRII=DW(Z)=DH(Z)/DNP(2)

AFR=pw (L) =DH (L) /DNP(2)

GI=WwI/(DSI(1)=aFRI)

GII=WII/(DSICc)®AFRII)

GIII=CI:

NQITE(6,1"AON)wI¢,DS

WRITE(C6,10010)Dw(2)

F’P“AT('hu,-Kq'w;I='v

FORMAT(IHO3%X,"DwW(2)=",¢

7= d*‘w.l*w:*~4’wv1* Ve+

(D I(4)*xAFR)
I20DHG(1)/51IvU

Q"I*DDHb(-)/ IImy

EGII

*DpHE(W)/ANU
COH(1)/21IU
I=DDH(2)/lI1IMU

v €
'
’

1£1245)

N N~
-
- N\

Clk
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Z1=RPLCGC(RESRI)
IC==750eC760+525,2028%21=219,5279*21%%2+40,7563%21a%23=4,252024b%21%
*ht T bLLIZ* 1 xx5=,00%04c0293 %21 %%k

SFI=DEXP(Z2Z)

21==360 44224 +7235,276%21-12741626%21%%2+428,2%6KF 2 1x%x2=2,541154x21%
xl+ VT7EAT7LS* T xx3=,00L3463742%x7 1 xx¢

GJI=DEXP(Z1)

Z1=5LOC(RSGII)

12275042566 +62G.,2028%21-21945279*21%x%x2+60,7569#712%x3=-4,2523034L%21%
*hv CICLL2* 1 xx5=,005L0H25a*x71xxA

QFII=DEXRP(Z2)

GFELII=GFIL
271=2=236000224+225,276%71=12G¢14356%x71%%2+426,20669%71227=2,3461196%71x
*Lr  17cO743*x 1 *x2=,004345742%x2 %25

GJII=DEXP(ZT)

GJIII=GJII

Z1=PLOG(REA)

22==746526C24€ 420877242 11471315722 1%%24,1756194=21%22=,0306207E00x
I1x x4

AFSDEXP(LZ)
21=2,1223751-1,0837326€%x71=,052052C7%21%%x2+,0146ALE1%212+3=,0007822(C?2
1*21xx4

AJ=DEXP(Z1)

21=DLOG(REI)
212-22.068527124¢c4G88%71=26122052%Z21a%2+,23157152~71%%x2=,0116122727
1xx4

ZJI=DEXP(Z1)

Z1=DLOG(REII)

21==C2e00452+12,254G88%71=241C203* 7 1%%x2+4,2156G152*x21»%x2=-,(01141237=7
1**1.

ZJI1=DEXP(Z1)

2JI11=2J1

2JIII=Z2J11

Z1=0LO0G(RET)

212222 ,06452+412036988%21-2:122052*21%%2+,2150152%x71%%2=-,01161237*72
T*xl

ZJ=DEXP(21)

x

)

=

"
HC‘lﬂ"

UIL*CDGII*QJII'PR II**TOZ
GA*CPA*AJ*PRA*x*T(02
SI*CPI*7JIxPRI*xT(QZ
II«CPII®ZJII*PRII*=TOZ2

e B

I
e
[

(c,1CJO7)ZJIIvCPII,PRII

CTHC 3 3%y " ZJII="4E1567 95X "CPITI="yE1Se7ySKy"PRII="4E1S,7)
*7J*PR®**T0D2

GPT(Ze*HGI/(DK(1)*DDEL(1)))
)SART(2e*HEII/ (DK (2)*DDEL(2)))

[

I

i

Ry}

T a4 n O™
Uit 7o b = G D )

T(2e*rA/(DK(3)*CDEL(L)))
*DSL (1)
ANH(TOZ)/TO3
:*LSL(:)
TANH(TC2)/TOC3
“SL(s)

G I LI [ I e I | B $~4HII(\
L2 T OO »m VA

T2 O OOV OO T RO
tC’H

< N

—~ P> 4> 4 P GO I MET I 1 I
-

DO 40
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ﬁ'ma i = - - gt T -
ATFA=DTAKM(TC2Z)/TO3
ATCI=14=DAFOA(TI)*(1,=-ATFI)
ATCII=1.=CAFCA(2)*(1.~ATFII)
ATO=1.=-DAFCA(L)*x(1.-ATFA)
GY1=0SGRT(Z«*HI/(DK(1)*xDA(1)))
GYE=DSGQAT(2a*HITI/(DK(Z)*DA(2)))
A“N=DSGRT(ZexK/(DK(2)=xLA(L)))
TCZ=C"’1*G\' €1)
ATFIL=DTANH(TO3)/TO02
TCI=GM2*pSLL (2)

ATF2 L=cTA\H( 03)Y/T03

TOZI=AMN*DSLL (4)

ATFALS= DTANH(TOE)/TO3

ATO1=1,.=DAFAL(1)=(1.=ATF1L)

AT0Z2=14=-DAFAL(2)*(1.=-ATF2L)

ATOL=1.=-0AFALC(G)*(1.~ATFAL)

JI=14/C1,/CATOI*HGI) +AS(1)/(DK(1)x(1.=DAFCAC1))) +DALG(T1)/(DALF(1
M) *1IxAT0T))
UII=1e/C1/(ATCII*HGII)I+AGB(2)/(DK(2)*(1,=-DAFOAC2)))+DALG(2)/(DALF(
12)=HI*3T02))

J-I:’U:¢
1o/ 00/ ATOxHR)+AS (L) /(DK (Z)® (1o ~DAFOA(Z)))+DALG(LY/(DALF(G)*HI=

1A-uL))

CGl=wi=CPGI

CGII=wG*CPGII

CGIZI=CEI!

CA=UA=CPA

CI=Wi*CPI 8
ClI=wII*CPII %
ELRI=C11 |3
C=wlIx(CP i
CH¥INI=D™INTI(CGI,CI) i
CYAXI=D™AX1(CGICI) ;
CYINIISDMINT(CGII,LCII)

CYAXII=DMAX1(CGII,CII)

CMINSDMINI(CA,LC)

C”Al'“VAX1(CﬂyL)
=pLCT)*DH (1) *D 4 (1) *DALG(T)

u.I CL(2)*DR(Z)=Dw () *DALG(LC)
ASIII=ACTI

AA=9L(B)*Dh(&)')a(é)*DALG(b)
TUNI=AGI®UI/C

TUNEI=Af::*ULT/CW NII
TuNZI=TUNII
TUN=AAXU/CMIN
TOwI=1e=DEXP (=TUNI®*CMINI/(CMAXI*DNP(1)))
TOWII=1,=DEXP(=TUNII*CMINII/(CMAXII*DNP(Z)))
TOwI=TOWII
TON=T1e=CEXO(=TUN®CMIN/(CMAX*DNF(2)))
~DEXP(=TONI*®CMAXI/CMINI)

T Pl o o o w7

m

w

ra
"

. ESSII=1e=0EXP(=TOWII*CMAXII/CYINIT) ;

! ESSZ=ESCSII |

& ESS=14=CEXP(=TOW*CMAX/CIN) |

’ IF CEVPINI/IEMANE +6Ts #9999 60 TO 37 j

. EeSI=((1e=ESSI*CMINI/CMAXI)/(1,=-ESSI))=*N2(1) ;
' €28 I=(EP3I=14)/(EPSI=CMINI/CMAXI) i
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1240¢C

61

174

1es

<o

wn

i,

2=

- <

CNP(1)*2SSI/(1.+ESSI*(DNP(T1)=1,
C’I '1¢/CrAXII «CTo ~l"79°) COo TO

i=

o

PS

tn
nuvo

ny =

—

CERSITI=1s)/CEPSTI~CMINTT LicAXT

w O w

R R o B PN B B
M
L €2 ¢
s n
-
—

L
(971

NP (2)
=PSII
IF (CYIN/CMAX oGT. 49999) 5O
EPSAS((1.-ESS*CMIN/CMAX)/(14-ES
ZPSA=(EPSA=1,)/(EPSA=CMIN/CMAX)
G0 TO 26
EOSA=ONF (L) xESS/ (1
CCNTINUE
TOZ=FM1+F¥1

vo=

*ESSIT/ (1 «+ESSTII*(DNF(2)

01N G Gi 1N M v M5

OO VoD
e O

L)

‘\
w n
(N b
mon

To S
SS)) =

)

e*+ESS*(DNP (L) ~-14))

POT1G=PIC*(144TO3x(GAMIG-T14)/24)**x(GAMIG/(

$9)y NDSG
CONSTe MACH NUMZERK

GO TO (20, 40,
CAVITY OPTION 1
3G F¥ZEEM

ACZ)=A(1)*(TO2G6/TC1R)=x((Ta+ZAMIC

GC TO 469
CAVITY CPTION 2
A(C2)=A(1)
Z1=TC1G»(14+GAMIG*TO2Yxx2/ (2
(1.‘TP3*(':‘A!"IG-1u)/?o))
1=7026/12
(21 «eGT

CONST.

AREA

-~

ex (GA¥IG+?

1) GO TC 10000

o
—

CASP(T2: CAM2G,
20*GANZGE*21=2,*GAMZ6~2
"CG*CAMZG*(2Z 1 Qe B
«MNEe Co) GO TG A
:T( 211Ed)

F\'y CPzG,

n 1]
1 OO MNP
m-u<

RT(ZZ*ZZ LonwZ1%232))/(2.%23)
RT(Z2%22=6exZ1%22))/(2.%23)

AN X £ 45 A~ A"~ 0~ NI +
7"‘)"‘)() ©

n
~
’

f o

Q0 M N~ N~
m

PR

o B N I N
-~ e o

- PN

-e

POl

L}
)

> MmN e |
UTe -—a2e () e

-
N MM

- N O -
o e )+ P4
xX e GO OO
. e NN
- N -
o =A P e
wan oM

.
-

[V S B
O T e
N =~
DN A~AQ ~
b e
P - (e
~ - X x> C

o

OPTION 2 GENERAL SHAPE

AMIG+GAM2G) /2.

~
9N

RN+ O B2 O DO O MO FAO 2NN 8 B M

?ll " —

5-1
1 J=1,N

Co*(1e228%(25=14)/24)/C16e=26)
5x71)
’N(J))/(Z.*(A’N(J*1)¢ACN
§5)=(

T +~>. £)x(=.
NCJ+1) =A
T”EC TO13)/(INCS=14)*TC1G=(J=-.

I‘QFII’JNU(N"J<G\1’|\"I1'"IHNNFAG)‘HH'JN(‘DHH%‘FI

)
(
[
c
(
(A
(

-~

*N

*T02

oo M

2)

L

((1e=-ESSITACMINII/CMAXII)/(14=ESSII)) *xNP(2)

1)

=14))

16G

)

Y/2.)

o) x TG 3

SMU)

E1S sl oSk,

(J))
T02G-T016))

=)

FrR=?

Y3E1S 745X,

W E 45 70




26=2€x(1.+235%21+722%24)
IF (26 +LEa. 1s) GO TO 51
12C60C WFITE(KO,105)
105 FORMAT(LTH*x*xxx CHOKED CAVITY = R:ZAD NEw JATA =xxwwirx)
GQ@ TQ 2
51 CONTINUE
FrMz=DSGRT(Z¢
ACZ2)=sACN(NCS)
&C T260LD=T2G
TZC=T025/ (1, +FH2*xFMZx(GAM2G=14)/24)
TZGDIF=T2GCLC-T26
IF(DASS(T2GD0IF)elELe500) GO TO 11000
IF(IesLEoNLIM) GO TO 12000
PRINT 1200041,T2GDIF
13000 FORMAT(SoH**»xFAILURE TC CCONVERGE IN STATIC TemP, LCOP 1 - CYCLES
‘= ,I-,‘ 5 :RROR",E‘IE.S)
60 TO ¢

119C0 wRITE(E,10050)GAM2G,y G¥U,T26
12030 FCR™AT (1“‘40,5X,‘G#“.M23 'y E15.7p3X,'GWU = l,E1Eo’y3K9'TEG = !

1951%e793%4'RIGHAT SEFORE 11000°',77/)
CZC=WwCxDSART(TZE/(GANMZGE*GYU) )/ (20.7776%xpA(2) *xF¥2)
PO2C=PCC* (1o +FM2*FA2x (GAM2G=14)/Ze)**x (GAMCG/(GAMZG=1.))
C FIRST DIFFYUSER
PC3G=P02G=CFe2*x(PO2G=-P23)
FMIzfFme*xA(2)/AC2)
b GAMTGZGAM2G

CALL “ACH(CELM, NLIM, PO3G, GAM2., FMI, T0zZGy wf, GMU,
t AK3Yy P36, T364FNgCPIE)

C SECOND CIFFUSERK
PO&4%=C025=-CF3Lx(PO02C=PI3)
FUL=FVIxA(Z)/A(L)
GAMLG=GAMIG
CALL MACH(DELM, NLIM, FCLG, GAM4G, FM&L, TO02C, WG, CMU,
1 ACL),y PLSy TULG,FN,CFLG)
€ THIPD DIFFUSER
POSG=POLG-CF4LS*(POLG=PLE)
Fvg=fFrb*aA (&) /A(S)
GAMSC=GAMLG
caLtL ¥YACH(DELM, NLIM, POSGy GAMS5G, FMS, TOZ2G, WGy GMU,
1 A(5)y PSGy TSGyFNyCP5G)

RCS=40G217&*PSG*GMU/TSG
ROE=ROS
F¥E=WG*DSGRT(TOLG/GAMSG/GMU) /(07774 *POSG*A(4))
1=0
7C 71=R0¢
POEE=PCSG=GGI*3GI*((14+0SIC(1)*DSIGCI)I*(RCS/R0€E=1,)+

1 CFI«DALG(TI)*DW (1) *ROS/ (45*DSIG(1)*x(PO6+ROS)))/
2 (?24¢11%R05)
GAMEG=GAMEG
CALL MACH(DELMGNLIM POEGIGAMOL sFMEyTOOG ywSyGMUZA(E) yPAG,TEG,FN,

}
! g * Co&E)
f ROE=,052172%POG*GMU/TEG
; - I=1+1
! LS=ERQE=T
o LEF (D&6SEI3) +LEs ROLIMY GO TO 71
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TE €1 <LTe NLIM)Y 60 TO 70
WRITE(KCG,101) 23
191 FCRYAT(S3Hw»*x=xx FAILURE TO CONVERGE IN DERN
1 E1ceSyCHxxrxxx)
71 CALL GASP(TO7G, FN
WRETECKG,15Q) I, Z
150 FCRMAT(1CX,"DENSIT
PCT7 =P 4cx3PR
J=9
R0 FN7=WwGADSGRT(TO?G/(GAYT7C*GMU) )/ (2047774 xPQO7CxL (7))
CALL “ACH(DELM, NLIM, PC7CG, GAM7Gy FM7, TC7%y, wf, CMU,
1 A(C7), P7G, T7?7G,FN,CP73)
NCZYI7E«*F7G*GYU/T7G

m

ITY LCOP 1 = ERROR = ,

A
s
]

ROZ=RC7
aRITE(£410023)T03¢
10023 FORMATCTIHO,3X,"'TOBG="4ET15.743X,'FIRST USED IN A CALCULATION')
FYZ2=wi*CSQRT(TORG/CAM?E/GMUN /(2047774 %xPO75xA(7))
1=9
TO0CC2 Z1=R0«
2AaC4)=Dw (1)
DALG(L)=DALG(T)
BSETI=CEE
PSLG=PO7C=GGIII*GGIII*((14+4DSIC(T1)xDSIG(1))
T(RI?7/ROE=T ) +GFIII*DALG(2)*DWw (2)*xP07/(4S*DSIG(3)~
2(RO7+R0%)))/(9246e11%RC7)
SAMEG=GAMTS
ARITE(EW1G001)POSGyGAMEG,FME,TO1G5ywG
13801 FCR“AT(1nu.3X"909"'.E?S.?,EX,'GAMGG=',£1S.7.SK,
TYFM3=" 42156745 YTO1G="4E13eTySXy'WG=1,E15,7)
CALE SACH (D:L',NLIV PCEG yGAMEE y FYEZTO3G WG ¢53MUWA(Z),
1PEG +TEG ¢ FNyCPEG)
RCE=e T 172 2PSG* MU/ TEL
I=I+#1
25=R0%=-21
IF (pAES(CZ3) «LEs ROLIM) GO TO 77
EE Gl LT, NLIM) G50 TO 10002
wRITE (K0,10CC3)22
10002 FCR™AT (S2Zhx*xxFAILURZ TO CONVERGE IN DENSITY LOOP ¥ - EXPQR=,
1512 56X % xx)
{27 CONTINUE
CALL "ACH(DELY, NLIM, FPO5G, GAMRBG, F¥S8, T0O02G, 4G, GYU,
1 A(2)y PZGy TuCyeFNyCPEG)

P09 5=2(53=CFa3*(PCEE=P53G)

FYG=Fvs*A(2)/A(S)

GAMCE=CAMEG

CALL MACH(DEL™, NLIM, PO9G, GAM9G, FMG, TOEG, WG, GMU,

1 A(5), PSG, T9G4FN,CP35)

PU105=F05C=CFF10*(POGL=-P33)
‘ Fa10=FMgxa(7)/7AC10)
i GAV10G=GAMYG
: CALL YACH(DELM, NLIM, PO10G, GAM10G, F110, TOZG, WGy GMU,

1 AC19), P13G, T10G,FN,CP10G)
-.:‘*17~:°10u~avu/714c
kC11=R010

he A
A
D
—_
(3> )
1
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F¥Y11=wG*DSART(TOT1G/CAMI0G/GMU) /(20,7774 *PC1UC*A(T10) )
I=C
75 Z1=R011
PO11G=FC1CG-bcII*GGII*((1.¢DSIC(¢)*DS G(2))=(R010/R011=1,)+
1 GFII*SALS(Z2)*0w (2)xR010/ (o3*0SIG(2)*(RCT2+RD11)))/
< (S2£¢.11xR0O10
GAM115=GAM1G3
WRITE(L,123)P011G,GAMNT1G,FM11,T01G,46
123 FORMATCIHO g 23Xy P01 1G=" yETS 07y S5Xy "GAMTT1G6=" Y yE15.7 45Xy 'FM¥T1=
TENS g TNy "TONG=  EUS 7y 5Ky "WE= Y e 156 7)
CAaLL -ACH(DELV.NLIM.PC11G'GAF11G'FM11,T01G'vaGVU.A(1C),P‘1G'
* T11G,FYyCF11G)
R011=,062178=P11G*G¥U/T11G
I1=1+1
23=R011-21
IF (DABS(Z3) +LEes ROLIM) GO TO 7¢
IF (1 oLTe NLIM) G0 TC 7S
WRITE(KC,120) 23 {
120 FORMAT(Z2ZH=x*x*x FAILURE TO CCNVERGE IN DENSITY LCOP 2 - ERRQOR = ,
61 E1Z2 e yéHxxtxxxx)

75 FY¥11=w:*DSEGRT(TOIC/ (CAMRIG=2CMU)) /(2047774 %xPC113%(71))
NRYT:(Ké,1 ¥) Ly 23

151 AT(1VXQ.D:NSITY LOCP 2 = CYCLES =',13,' - ZFROK = ,61205)
CALL vACﬁ(DELvy NLIMQ FO11G,GAM11G 'FV11, T 1 hf’ G’U'

i 1 A€11), P116, T115,FN,CP116)

IF (JCPRO ¢G2e Q)
T Z21=RIT*TIG/ (L IFT178*CGMU)I =« ( 14+ (SAMIG-T14)*F¥IxF¥1/2,)
2 ** (GAMIG/(GAYIG=-14))

21=P0118=-CF111x(PO11C=-P11G) =21

IFE CIEPRO oETFs 0)
1 21=PC011¢=CF111x(P211¢=-P11G)~P0O1C

POt 16=PC116~Z1 {
PO136=P010G6=-21 i
POYG=P09G-21

PCE 5=PCEG=-21

PC76G=F076-11

CALL GASP(TAGCyFNy GAMECy CPOGyZ2422,GVU) :
SFR=PC7G/P05G |
GEGZEU o *A (L) *EMEXTSQRT(ZAVEG*TEC*22 ,174%1545,L3/5v0)
ATAS=,730=7.00542*«(DA3S(GEG/ZRPY/NBS=43 €)Y)xx2,05014
ATAG=(C, 4
WRITE(C,186)71,F07G6,4P0
166 FIRVAT(IHO,3X,'21=",E1
196652',515.7)
WRITE(E,187) TO4G,3PR,GAMAG,ATAB
157 FORMAT(IHC 93X s "TOLG="gET1547 45Xy 'BPR=",ET15,7 5%, 'GAMEG="4E15,745X,
1 'ATA3=',E15.7)
T273=T04G*x(BPR**((GAMEG=14)/(ATAB*GAMAG)))
WwEITECE,180) TOEG,&PR,GAMEG,ATAB, TO’G

* 1
55

th O

Gylet
o7 95Xy "POPG="yE1547 45Ky "POLC="yET134745X,

4 180 FORvAT(1ﬁ4'SXy'TV‘p-.':1 7 DX, SPR= 7 SX, SA"bG="E15.7,5X,
; 1 YATAc=! yE1Soa':K"TO73=. 51507)
! 4=J+1

Ie COABSCZTY «LTe PLIY) GO TO 83
IF €3 »LTs NLIM) GC TO %0




4RITE(KO,102) 21
133 FORMAT(SZH**=x FAILURT TO CONVERSZ IN PRESSURZ LQOP - ZRROR =
1 £12.5,0Hxxwnwx)
25 CALL AIRPC(TALy PAT, TAT, RH, 22, 72, CPAY, ZZ, AHL)
aRITE(KO,152) Jy 21
152 FORMAT(10X,'TCTAL PASSES THRCUGH PRZSSURE LOQP =',12,
1 ¥ = ERROR =*,812.5)

CaLL AIRP(TAT1, PAT, TA RHy 214921y CPA2, GAMZA, AML)

n

'
CALL LIGPCTYy FGy 2y 21y CP1)
CAELL LIRRCT 2y BGy 2y Zlge GPZ)
CALL LIARFCT3, FGy Z1, Z%1, CP2)
CALL LIQGPCT4, FG, Z1, Z1, CP&L)
CALE ETIPCT6, EGy Z1, Zhy CP&)
CALL LIQP(T?, F&y Z1, 721, CP7)
CALL LIGP(TS, FG, 21, 21, CP&)
CALL LIQPCTIC, FGyZ1y Z1, CP10)
CALL LISP(T14, FG,21, 21, CP14)
CALL LIRPCETI6y FPGuwZly Z1,; CPIE)
CALL LIGpCTNSy FGeZl, 21, CPI5)
CALE LESPET20s FEm2ly Z1,; CPz6
ARKTTECE420000) CP2,CPE,,FGT2,T6E

2J006€ FORYAT (1HQ3X4535F20+10)
ENTIRZ=CHINTLZ
AMTC 1y 1)=wc«(CFIG+C2ZG) /2,
AT ( 1, C)==A¥T(1,1)

VT 1)=GS=e 7L 3*P LKwx (], /EFFL=1,)
A"T(Z,:)=CGI

AT (2,3)2=AMT(2,2
AVT(Z2,40)=WI*S*x(CP2Z+(P0)

AMT (2 & )==ANT(Z,6)
AMT(3,2)=EPSI*CYINI=-CSI

AAT (346)==EPSI=CMINI

AMT (2 ,3)= CGI

A T(6,6)=1,

AT (&, 3)=a(PO7G/POEC) *» ((GAYEG=14)/(ATABXGAVOE))
AMT (S 417) = CGI1I

AMT (5,1)==AMT(5,4)
A-"'T(S'o)=~'1'*.>*(CP2*CF‘-)

AMT (5,9 Y==AMT(Z,6)

AYT (6,17)=EPSII*CMINII-CGII

AYT( Ay £)=ERSII*CMINII
AMT(6,1)=CG1I

AT (?,7)=ud3*s5%x(LP1+CF3)

A2T (745 )==AMTCT,7)

AYT (7,15)==~CA
EMT(?7)=24T(7,16)*TA1

AMT( &y 7)=EPSA*CVIN

AMT (G,1€)==~CA
IMT(E)=(ZPSA*CMIN=CA) *TAT
AVYT(9,5)=wl*,5«x(CP1+(CPc)
AVYT(9,6)==AMT(5,5
EYT(?)==4iP

AVT(10,5)==dl* ,Sx(CPL+(P3)
AMT (10,3 )==wllxe 3= (CPE+CPT)
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40§

* AMT(1C,11)-A¥MT(10,14)=-aAMT(10,13)

A'T(ID,13)==a®x S (CP1c+CP3)
AVT(]1Cy4)==wx ,Sa((PZ2+(CP2)
AVT(12,10)==wV1*,S5=(CFE&+CP3)
ANMT(10,11)==wV2=.,5x(CcP1C+CP3)

AYT(10,16)==uExe5x(CP1O+CP2)
AYT(12,15)==wS*x5%x(CPZ(+("3)

AT, 7)==aAMT( 0, 2)=AMT(10,3)=AMT(10,12)-AlT(1C,4)=AMT(17,1(0)~

AVT(11,c)=aM*,Sx(CP2+CF
AYT(11,12)==AMT(11,6)
3*7(11>=-acw
YT (12,12)=wn*,Sxa(CC1a+CP16)
WTC12,13)=2=4"T(12,12)
MT(12)=-6M
PT(17,4)=wV1%x,35%x(CP2+C2&)
“T(12,10)=2=A%T(12,6) |
T (12)=2-811 ‘
"T(1¢,5)=3»V:*.§*(CF2"‘C°1C)
MT (Y6, 11)==ANT(14,4)
MT (14)==2V2
TS ,8)SaNEx S*(CF24CP1E)
ATC15 3 Y4)==AMT(15,86)
¥T(12)=aGE
FTU15,6)=wS e 5H(CP2CR20)
YTC1€,15)==AMT(156,¢
AT (14) =G5S
T 17440 =

C
\1T’1"’ - =

14)

A

[P 20 WU X-JJUJPPU-T)

P U

;-

o3*(CP7+CP2)
*(CMINZ)=CGII

RTE1E s 18N2=EPSS  *(CCMINS)

YG(AMT, 3MT, 1%, KS)

ke,

()DDDDD)‘DHI

2 %
=4
~
-
~
-
-
~
o
"

i S

1
BYT(1)/(1e+(GAMIG=T1 ) xFMl1xfM1/2,)
GASP(TIGy FN, GAMIG, CPIG, Z1y Z14y GMU)
PO GE. S) 9
31*TA»/(.C"17'* MU)
R0 sLTe @)
RO1=.063173%P1o*GYU/TIG
WE=RPC1=VI*A(T)
WwRITE (54,10051) TIG
FCRYAT(IHO,5X,'TIG
19IX4"RIGHT AFTER w&='y//) |
F¥1=4"*DSART(TIG/(GAMIC*GMU))/ (20.,7774L«PIC*xA(1)) i
Jd=Ju#1
23=le=F"1 :
EP CDABSKZS oLTe DELM) e TO
IF CJJ sToNEIM) GO TC 6 i
WRITE(KC,400) 27
FORMAT(SGH**xx FAILURE
1 E12e5 0%k nnxx)

T o T B S I S

GMU

GA
H 13Xy

I1G,
ac
L )

m
T
“n

N

VEAMTG =V EN5e T Wy teMyL s Yy

lll’

TO CONVERGF IN FINAL MACK LOOP = ERROR
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7
1

i
)

(0

L 5]
(o8

e

rowvu
<
(s

RRITECKO,301) JJyp Z2

FCR™ATC(I0X,"'TOTAL PASSES IN FINAL MACKF LOOP =',12,' = ERROR ="
1 EdzeS

EE=11+1

I: (KS QEG' 1) SO TO 51

D0 23 (S=1'1C

n(KS) =<1

TOIF(KS)=SVR(KS)=3MT(XS)

IF (CARSCTOIF(XS)) +GT. CONV(KS)) NN(KS)=1
CONTINLE

wFITE(XKC,201)

FOCR™AT(1CX,"STATE VARTIAZLE EKRORS')
wRITE(KO,200) ToIF

FOR™AT(10X,1CE12.,4)

wRITE(KD,152) I1I

'“”“AT(1JX. END OF SIMG PASS NOL'y13/)

CALL CUTPUT

IF (II JGT, NLIM™) GO T0O 52

20 Sa <:=191é

EF . CNNCKEY oG2a 9D c0 TH 95

CONTINUE

60 T 9C

WwRITE(K2,104)

FORVMAT(CcH**xx FAILURSE TO CONVESCE IN STATE VARIAZLE LQOCP»,

1 AH*x*xxxx%x)
FYE=wGExDSART(TOEC/ (CAVMEE*GMU) )/ (204777 4%xP06CxA(E))
EALEL vAcﬂ(DEL MLIM FUO@ GAVJO' F“éy TuCJ| nG' CuU'
1

AC6), PAG, TcS,.u,c°:E)

FN3RPS=DFLOAT(NROS)

F\5§=DFLOFT(V,>)

IPSS=((PO7G=FOLC)*TOE *204556)/(FOLG*SRPA*ZRPY*xS1R , 7xCGMU*FNZPS)
DPSR=,2294=2, 23: * (DASS(QEG/ (ERPM*FNES)=,686375))x%1,42327
DPSZ=CPSE*1,E=-5

ZRR=(PSI=DPSS

GC=11.801E=7 /(ERFVM*FN3S)+11458GE=SxVIMx*x 507/ (cRPVY*ERP¥M*xFNEPS)
5C=FRR/GC

JV=Jv+1

WEITE(K ,204) JV, GC

FORMAT(SX,'PASS NOs',I2,"' THROUGH VELOCITY LOOP, CCRRECTION =°
3 ElZed)

a°17E(O'175);6G'5QPM,FKES

FOF‘AT(1”393X"QDJ:.,T1SC7,SXQ ERPN=',{15.?,5X.'FV55='.E1?.7)
GC=0.C

IF (DABS(GC) oLE. VLI¥) GO TO 532

IfF (JV oGFe NLIM) GO TO 503

BE Gl whkFe C. eANDe GAG/(2RPMXFABS) LT 48E73) GO TO 50«
CONTINUE

VIiM=vIveGc(C

VISVIV«Z? , 231

69 TO 3591

WwRITE(KQ,205)

FORMAT(SQH*2x* S CwWwERS ARE CHOKED = FROCESS NEXT CASE **xwxx)

258




GO TG 2
502 WRITE(KO0,203) &¢
222 FORYAT(SZHa*x* FAILURE TO COMVERGE IN VELOCITY LCCP = ERROR =
1 E12eC,0Hxkxx%x)
507 CONTIMNUE
TC3I6=T026 i
TQ4S=T02¢ ]
T056=T026
TC$E=T026 E
T0106=T086 -
T0116=T016
3LPP=WG*aS*(CPOG+CP75)*TCEG*(SPR2*((14=24/(GANSC+CAYTE))
1 /ATAS)—1.)*77: /SJV'

BLPEM=ELPR*,7437
DPI=4,317E~4*GI*GI*FI*CL(1)*DAP(T)/C(ROLI=DDH(T))
OPII=L 217k =6*GII*GII*FII*DL(2)*DNP(2)/(ROLII*UONC(2))
DPIII=0RPII
DP=A-317E-M*G*G*F*DL(4)'CNP(E)/(RCL*DDH(L))
ROAT=T16L4L ¢ *#PAT*AML/ (135345,32*TA1)
RCAZ=70A1
LL=
37 Z1=RGAZ
PACEPAT=GA*GA*((14+DSIG(LI**2)x(ROAT/R0AZ=-T4)+
1 ATXDALC(O) *Dw (L) *RO2T/(S*3SIB(L)*(RCAT+ROA2)))/
2 (RPOAT*Z2.*x22,174%x144,)

ROAZ=164 o *PAZRAML/ (1545 ,32%TA2) s
LiL=LL+1 :
ZI=ROAZ=Z1

IF (DASS(Z3) +LT. ROLIM) GO TG 38 3
If  CLL otes NLINMY 6O To 37 ‘
NRITE(KD,4C1) Z3

401 FORMAT(L3Hwx**x FAILUFS TO CONVESRGE IN AUX. DENSITY LOCP - *, |

1 YERRCR ', 1243, 6Hxrxxnx) :

€o To 37 !

28 WRITE(KG4202) LLy Z3 il

202 FORMAT(10X,'TOTAL PASSES THROUGH AUX. DENSITY LOOQP =',17, fi
1 ' = ZRROR =',212.%)

39 PF=WA*XTPA2xTAZ*772,/55¢C

WEITE(6,10004)GAM2A,ATAD
TR006 FORMAT ( 1H0In3Xs " GAMEA=" s ETS 7y SK " ATAPZY ¢&15 7D

PEv=,7457*PF
R2E6G=eC73173*P6GRGMU/TOG
ACORR=OLa*wGoDSEGRT(T L *TMUXST1 2,7/ (GAMAG*2R ,S7+TCEG)) /RO
D0 99 KS=1,14

G% SVR(KS)=EMT(KS)
IDI=wIx1800.*(CP2+CPLI*(TL=-T2)
ADII=WII*T130C.*x(COP2+CPEI*(TE=T2)

QCIII=GPlII
WRITE (£410005)CP24yCPOyTOHyT2yWI1l
** 1QCJS ‘CRVA (1HU'3x 'sz=',:1so |SX'.cp€='E1So?sty.Té='E1So7QSX'
f - ’l72= '51)-7'5 O'CII='yE1Z.¢)
1
g .
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VDO = 2 -~ = A

(V2 2 » B

A

WRITE(6,1C011)CPu Tl w1

F')R"‘AT(‘!H’C,'SX,'CPL=',:1So7,EX"T‘o-',:“f./v.xy'w:="5120“)

ADA=w3Ex12C0.*(CPI+CP1)*(T2-T1)

NRITE(KC,20303)G6021,G0A

FCRWAT (15“'3'3)("4@11:',:17.4,SX1";:‘;‘='1-1203)

CALL CuTPUT

56 TO. 2

50 56 xS§=1,13

SYR(KS)=3MT(KS)

30 TO 10

NRITE(KCO,102)

FORYAT(' SINGULAR MATRIX')

56 TO 2

=ND

SL33CUTINE ENCUT

I“PLICIT REAL*z (pa=H,C=12)

DIMENSION SVR(16)

DIMENSION ESVR(1E)

COMMON /JN¥AR/ TO1G, T0ZGs TO6Sy TO?G, T1l, T2, T3, T4, Té6, TE,
T6y Thay T16, TIR, T20, TA2y; TOEGy T7,
TO36, TO4G, T0S5G, T0GG, T019Gy TO11G, TS5, TSy T1l,
F125 T1Z, TS5, T17y TX9 TILGy T26y T36y 146, T56, T68, Tr6,
T36, 796, T106, T116, TAl, EFFL, P01G, PU2Gy, POZG, POLG, P05G,
PO&Gy POZ2Gy PC2Cy POghL, PO10G, POVIVE, PIG, P2G, P3Gy PLBy PSg,
e4G6, P76, PRG, ©5G, P10G, F11G, P(20), AC(28), vC(20), FM1,
F¥g, FM3, FY¥4, FMS, FfMe&, FM7, F®g, F¥S, F#10, F¥11, AC11),
GAMIG, GAM2G, GANIG, GAMGG, LAMSG, GAMEC, GAM?G, CAMEG, GAMSG,
GA¥1CG, GA®11G, TEMI, TGMII, T¥G3, TwmA, GlMu, GIIMU, G3%u, AMU,
PRGI,
PRGIIy PRG3, PRA, CPGI, CPGII, CPG3, CPA, TMI, TMII, TMIII, TM,
:I:VUQ ZIIMU' ZSVU' ’NUo
PRLy PRILy PRIIIy PRy CPIy GPIILy CPITIy CPy GGIs 66ILy SGIIIy

35, \:I’ GII' G:II, G' ;EGI!
REGILy REG3y RERy Rily RKelly ReIlly RKEs GFly GFILy BFILILy

CoMMCM/VARB/ AfFy £y ELY, €, BIL,
GJILy GITILy Ady TJd1g 2411, ZILIT Zdy HGTy HGIDTs HGILIs HRy
Hly HIl, WIll, H, CEI, CGXI, C&IIL,
CAhy €Ly CIIy ©IITe €y Uly UIly UITIy Ug RGIy AGLI, AMGIIYy Al
TUNI, TUNII, TUMNIII, TUN,
TOwI, TOwWII, TOw3, TOw, EPS1, EPSI!, EPS2Z, EPSA, ESSI, ESSII,
&SS:’, ESSy wNE oy
@46, QCORR, BPRy ALT, PAT, PA2, RH, FN(&), EFELP, VI, vIM,
PICA, HIM, CLIM, wT1M, DCM, ELFR, ZLPRM, CPP, CFPM™, PF, PFM,
RC1,y, PLKwy Wwl, wll, «aIIl, w3, Wwvy wV1ly wvZ, WE, wSy WA, QP, GCv,
G¥y, QVT, Qvd, AE, QASy CF23y CF3&y CFLS, CE78, CFP&%, CFS10,

COmMON /VARC/CF111, ATAPy H1y CLTy WT1y ACN(C2Q), DCy DLC&),
DMC4)y Dw(4), DLHE(L), DALG(4), DAFGA(&), OSIG(4), DDEL(L),
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3 DAa(L), CK(3), DSL(&), DSICL), DALF(4), OH(L), CONV(15), DclL™,
¢ ROLIM, PLIM, FG, TITL‘(Z:)' 0F, 0Py DPLIL, DPIIT, PPR, PPRM™,
D TAlf, RMP, TIGM, 5KH(&), ETIG, ET025, =TO0t5, £T07G, =T1,
£ ETdy ET3, ETOG, ETﬁ ETE, ET1\,. ET14, ET16, ETYI8, ET20, ETA2,
1 ‘:TC’_‘:y ET”
F E2PR, CWAy DNP(3), GDIy QDII, GDIII,
1 «DAy, EVI™, =ZR°M, VLIM, ROA1,
G ROAZ.CAFAL (L) DSLLCL) yAB(4)
COMMQON /IVAR/ NTAM, NDSGNy NCS,y, KI, X0, NLIM, NP(L), NFULL,
1 N2S, NEPS, JCPRO
C

SCUIVALENCE (ESVR(1), ETIG)

EGUIVALENCE (SVE(1),T01G)

NAMELIST/FPT/ NTA%, TA1F, PLKwy ETIG, ETOZG, ETO00G, ETC7G, ET1,
A ETé, ET3y ET&L, ETSy ETA2, €T14y ET16, ETZ, =T10, ET18, ETZ0,
3 EFFLP, \NI' wll, ﬂIIIo ‘wE, WV' d\l"' dVE' WEy WS' C“A,
€ G®, GCM, GM, v1, &Ve, QE, GS, CF23, CF34,

b CEF&S,y CF?8,y CF8F, CFI10, CFT11,
E EVI¥, ATAP, FIGA, niM, CLIM, «wT1M, FN, ACN, DCM,
E oLy DHy Wy 2DKGy CALCGy CAFDA, LSIG, DDEL,
G DAy DKhy DSL, DSIy DALF, DDHy NP,
4 SAT, RHP, ESPR, A, C”‘V, DEL"y NDSGN, NCS,
I NLI®y ROLIM, PLIM, FG, ERPM, VLIM, 55, N8PS, JCPRC, RO1,
J DAFAL,DSLL, AS
¢

KI=5

KC=¢

READ(KIZ200) (TITLECJ)yd=1414)

READ(KI,200) (TITLECJ),J=15,283)

26C FORMAT(1346,42)

READ(KILFPT)

TAT1=TAT17+459,69

TIG=Ta1

TC2G=TA1+210,

TCO6G=TAT+20,

TO772=TA1+70,

T1=TA1+2C,

TZ2=TA1+20,

T3=TA1’L0-

T&L=TA145S

Te=TA1+20.

Te=Ta1+55,

T10=TA1+6°5,

T16=T21+30.
T16=TA1+75,
T18=TA1+65,
T2C=Te1+65,
TA2=Ta1+20,

rd
<«
—

n
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WRITE(6,10020)SVR(T1)¢SVR(Z) 4SVR(3),SVYRCL),SVYR(1S),SVR(15),SVr(17),
SVR(12),SVR(18)

FORMATCTIHO 43Xy "SYRCI) =" yE15e793Xip "SVRI(2)=" 3 E1547 95X *SVR(3)=",ET15,
792X, )VR(‘) P EN1S5e P/ /eXy"SVR(TIS)="4E1Se7ySXy"SVR(1E)="4E15474//
SXy'SVR(Q17)= "5 745 K,'SVR(1')-',E1S.7'5A"SVR(1°)",E1:.7)

IF (ESPR 6T« Us) BPR=SEPR

FE CEVIM 6T, 0.) VIMSEVIM

IF (NTAM LT. Q) CALL EXIT

IF (NTAM JLE. U) GO TO 10

0C 20 J=1,19

SVR () =TaA1

CONTINUE
PIG=PIGA®T14,7
RH=RHP*x,(1
EFFL=SFFLP=,J1
VI=VIMx2,281

0 { :DCW*OOSZS‘]

H1=HIwx,(32¢1

ATI=wTIMx 02281

CLI=CLIW® 0328

CALL AIRP(TAT, PAT,; TATy rRHy X &y Xy Xy AML)
ROAT=FPAT*®AML >4 0%217/T7A0
NASBROAT*CwWA*XOSART(TAY/ST1%,7)/40C

ok€1) = oKkH(1)Y/26C0%

DX(Z) = DKH(Z2)/2ECG.

DX (2) = DKH(&) /3500,

PANP (1)=NP (1)
DNP (2)=NP(2)
DNP(Z)=NP(4)
A(1)=41=CL1
3/G=VIxA(1)*sC,
#RITE(KC,102)
FORMAT(C"1")
RITEC(KO,FPT)
FORMAT(21X,14A8)
WRITE(KO,101) TITLE
RETURN
END

BROUTINE GASP(T, FN, GAM, CP, PR, UM, G“U )
IYPLICIT REAL*3 (A=H,(C=7)
DIMENSICN FNC(L), WM(4L), T3(4), C(L), UC(C4L), FKC(&L),
(6), X(&), CNC(&), S(&)
hE
N2
coe
(o
A T8 /64621500477 44D0041590.0600481,

1

= 0 uwnno
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e
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DATA W™ /4,)0UD04284C14D00, 46.C81000, 28,0100/ 4, R /1.98£4600/

£
ST = 142406
[ C
1 ERGT EE e 850D
* T FREIISC a3 (b TS  JF (BT =B ) JATS s 2k
; 16 T «5ha 550)
1 FK(1)=(57+(T=550e)%(1412=057)/200s) %41
FKC1)=FK(1) /73600,
GC1)=1.4667
¢
U(1)=1,12+(T=400.)%(1,955-1,12)/500,
; UC1)=UC1)*1,e-5
| C
; c
| IfF (T oLEe 600)
i 1 €(2)=34502+(T=400,)*(2,5065-2,502)/200,
é IF (T .8F. 600,  wAND. T ;LEe 209.)
| 1T €(2)=3+5065+(T=-600e)*(3.5215=2,5645)/23C,
IF €7 .GTe 20604)
> T C(2Y=2 5315+ (T=800u)%(3e559=2.53152/100,
CCZ)=CU2) =R/ WM (2)
.
IF 6T wliEs 8509
1T FX(2)=.925+(T=64504)%(14265=:4%525)7200.,
IF (T «GTe 6504)
1 FK(2)=1,265+4(T=48504)2(1,572=1,265)/2C0,
FK(2)=FK(2)*1,4E-2/360C.
1 <

G(2)=1,4
* IF (T «GTs 600.4)
: 1T G(2)=1,4+(T-600.)*%(1,391=-19.4)/300.

()

IF (T -LE- 5504)

1 U(2)=.923+(T=450,)%(1,087-.522)/100,
IF (T e GTo 5300 .AND. T «LESs 725.)
1 UCz)=T ;087 +(T=550s)%(1¢23=14087)/175%

: IF €T «Gla 725D
1 UC2)Y=1,33+(T=-725e)%(14545=14322/175,
Ulzl=u(2)*1,1172¢c=5

(8}

IF (T «LE. 6004)

T C(3)=4,1954(T=050,)%(6,653-4_,195)/150,
IF (T oGTe 60U0e «ANDe T sLEs 750C)

T €(3)=4,8653+4(T=600,)#(5,045-4,653)/150.,
IF (T +GT, 750.)

1T C(3)=25.045+(T=750e)%(S.265=-5.045)/150,
C(2)=C(2)*R/w¥(3)

B N

e i e e T e
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IF (T oLEe 500,
1 FK(2)=,8c+(T=4254)*%(1432=-,22)/175.
IF(TeLze14C0e)FK(3)=5.7 LE=-3
IF (T .CT- 5000)

1T FK(2)=1,32+(T-c00s)*(2:.12-1432)/250

FX(2)=FR(Z)*R,4075=3 /?Cvdo
9
IF €T JEEe 4504)
T 6(3)=1.234+(T=4004)*(1.215=-1,334)/50,
IF (T «G6TFe &50s «ANDe T «LEs 5504)
1 5(02)=1,315+(T=4504)%(1,256=1.315)/100.
IF (T «6Te 350 «AND o T ebLze 6504
1 6(3)=1,286+(T=5504)*(142665-1,286)/100,
IF €T «6Te 650 eAND. T «lLEs 7500)
1 G(2)=1,2645+(T=6504)%x(1,268-1,2645)/109,
IF (F «GTe %50, «AND . T oLEe 8304)
1 6(3)=1,268+(T=-750.)%*(1.235-1.248)/100.,
IF (T «GTe 850,)
1 6(3)=1.235+(T=650,)0%C1.,2295=1e235)/50,
EE CF  allE s 5250
T U(3)=.59175+4(T-6504)%(1.152-,2175)/125.,
I'E € «G6%e 57S. e AND T wliEe 72004
1 W3R 152+ (=575 e IX (T3 75=1152) /125,
JOEE .:T. 7004
1 U(€3)21e3725+(T=7006e)%2014561=1.375)/100,
ue3ds= U(’)*9.EC57:-O
9
FT=FNCI)+FNCZ) +FN(C3)
NCASET H
IF (FNICA)Y JLE. Qe¢) 6O TO 10
ET=FT+EN(G)
NCAS=4
)l &3 eLEe 540.)
1 C(L)=2,503+(T=400e)*(3,506=2,507)/140,
TE T «S5T%s “C. «AND T oLES 530,)
1 C(A)‘E.SQé*(T 5406)%(2,513=-2,5C5)/G0.
IF (T «GTe 630, eANDe T sLEs 720,)
1 C(4)=2,513+(T-63C«)*(2,52%=-2,.513)/90.,
It CT «GTe 72Cs «AND . i -LE. 210
1 C€€4)=3,529+(T=72C¢)*(24552~-2459)/90.
IF (T «GTes 31049
1 C(4)=3,552+(T=610)%(2,553-3,552)/90.,
C(e)=C(L)*,0708985
C
IE CF oLES 54C.)
1 U(L)=, &L+ (T=~400.)*(1,075=-4054)/140,
)4 2 (T «GT. 560, «AND T oLE. 7230)
1 U(L)=1,075+4(T=5404)%(1,34=-1.075)/180.,
: IF €T o8Ts 7204
£ 1 U(L)=1,34+(T=7206)*(14575=1.,24)/180.

U@e)=U(6)*1,1132E-5
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IF (T oLEs 53042
1 6(ed)=1.4
IfF (T o8Ts 5304)
1 S(L)=1.4+(T=520e)*(1.3885-146)/270,

L\. .ANBO

alq
bl . ﬁ.
T e |
wom |
| e e

1 F (T o
: 1 FK(4)=1,3854(T=720,)*(1,665-1,385)/130,
i F(L)=FK(L)*x,013642/26CC,

)

10 ce=C,
DAM=(0,
Gf«n“:G.

¥=3.

U=

£ )
<
®

O N =

I=1,NGAS
e S®To(1)*14°%

A s T Y
C v

n =< TN~
AN DN DN N

'I)'d“(’)/SVU
N(I)«C(CI)
J=C(I)*CAM

I)‘C(‘//'(')‘uiv

+ N

r\f\ﬁ)‘H(_"

e oL

NOG OO U6 X 1 Qrdo C
° (Iﬁ’UvC(A "y —e

n) 2> p» 0O

(<]
O

-

€« > e
<

- "
-
-
-
)
3
w

0
[}
b

.

A;\'=1.
G0 TO ¢
12 0=x(J)/X (1)
SSDSGRT(S(I) =S (J))
UR=UCI)/uCJ)
ART=CCGRT(Zex(Ta+wM (1) /WM (J)))
AR (WM (J)/aMm(I))*x,25
P=px(1,+DSGRT(LR) *wR)**2/wR1
A= 2SS a0 * (1 4+DSURT(UR*WR** 22 (T+S(I))/(T+SCI))) ) *xZx(T+E)/(T+5(I))
21=21+PF
ZZ I+ AN
CONTINUE
=Z72+FK(IN/22
uvsum+Uu(I) /21
CONTINUE
3A" GAY/DAM
R=(CP*UM/23
o ?ETURN
END

(3%
0

e
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SUSRQUTINE MACH(DEL™, NLI™, POG, GAM
1 TE  Fly ER)

WPLICIT REAL*c (A=-H,0-7)

IMENSICON FN(4)

ATA KO /5/

TE=1, +FMGaEMG* (GAM=1,)/2,
n°IT:(6,11)°u,,Tu,GAM
11 FORMATCIHO y3X s '"POGS"9yE15e¢7 95X, 'TG=",ET15e¢7y5Xy"'GAM=",E15,7)
PG=POG/TG**(GAM/ (GAM=1,))
TG=TOG/ TG
, FW=NG*DSQRT(TC/ (GAM*GMU) )/ (2047774 %xPG*A)
l WRITE(6,12)PG, TG, FM
12 FORMAT(THO )3 Xy PG 4E154795Xy ' TG="4yE15:745X4"FM=*,E15,7)
CALL CASP(TGyFN,GAM,CP,DUM,DUM,3MU)
=1+1
FMGISFiMa=F M

IF (DABSCFMG1) oLTe DZL¥) RETURN
IF €I «LTe NLIM) GQ TO 10
WRITE(KO,10C) FMG1
100 FORMAT(' FAILURS TO CONVERGE IN MACH NO, SUFROUTINE',
1 ¢ = ERROR =*,E12.5)
RETURN
END

SUSROUTINE AIRP(TAM®, PAME, T, Rt, P, AML, CPA, GAM, AML)
IMPLICIT REAL*E (A=H,0-2)
T2=DEXF(=2840G87Z2+4105740C*TAME =, A7LELLE=-LxTAME*TAMS)
WFERE*x12,016%xT2/ (28 .966*(PAMZ=TZ))

TZ2=Tx*T
P=e555c+.1364063

2E<2*T=0TTE=C*TZ+s2066LE=-5*T*T2
AMU=1,E=5+4175S=7*x(T=400.)
CPA=,2621=40U0135E=2*T+2,E=C*T¢
SEMA= CPA/(C”h-.DQGSSQS)
»rw-.4,09- :“E-Z*T+QGOO E 4*xT2Z
Gamu=cpw/(cp.- 1102
A=WwFxCPW

3=2(VTe=wF)*(CPA
CPA=wF*xCPW+(1e=wF)=xCPA
GAY=(A+23)/(A/GAMW+B/GANMA)
AML=13.01A4%dF+28,50€*%(1,=WF)
RETURN
ZND

~n
N
B —————
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SU2ROUTINE
IYPLICIT R:&
C=T/1.6=-273
F=FCxFG

tIeP(T, FG, UM, PR, CP)
AL*x¢ (A=H,0=-2)

FRZ137,=22491€87xF5+17,91667xF
FX=1,x(F+Cx(135¢
Uv=0.01468%81

PR = 10E2»um*CP/FK
Jms=umx,7300€e72
RETURN

END

CP=1,=0b65*Fi+ *(e00115=4C0105*(1e~FG)x*2,0594)
SF=13C14/(952e32+83,1855%(C=2G,)+,00585%(C=20,)*%*2)
UM=DEXP (=2,01174+,4G257*FG+(2,30 CSL"10154

E*FG+ E0E+FISF)

o =16042332%xFG+63,0832xF=FK) /100C,)

AX=g

COLUMNWISE, DESTROYED IN

1=SIMNMGULAR SET OF EQUATIONS

SUSRCUTINE Si¥a(A, &, N, KS)
IYPLICIT REAL*EZ (A-H,0=2)
& SIMS SOLVES A SYSTEM OF LINEAR EGUATIONS
€
€ INPUTS
o A = MATRIX OF CC=ZFFICI:ENTS STOREL
c COMSBUTATICN .
< 3 = VECTOR OF CRIGINAL CONSTANTS. DESTROYED IN COMPUTATICN
€ SCLUTION IS RETURNED IN &
¢ N = NUM32R OFf SGQUATIONS AND VARIARLES
C KS = CUTPUT FLAG OJ=NORMAL
-
DIMENSION AC1), (1)
(%
C FORWARD SCLUTICN
TCL=C.0
KS=23
‘ JJ ==\
PO A% J=1 ¢
Jy=J+1
JU=JJ+N+T
3I1GA=C,40
IT=4J=-J
DO 20 I=J,yN
C
< SEARCH FOR MAXIMUM COEFFICIENT IN COLUMN
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490

wn
(@]

wn
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7¢

I4=1T+1

IF (CASS(EIGA)=DASSC(A(IYY)) 20,420,320
31GA=A(IJ)

I%AX=]

CONTINUE

TEST FCR PIVOT LESS THAN TOLERANCE (SINGULAR MATRIX)

IfF (DASSCSIZA)Y-TOL) 335, 35, «0
Ks=1
REITURN

INTERCHANGE ROwWS IF NECESSARY

IT=J+N*(4=2)
IT=IMAX=J

DO SC K=J,yN
I1=11+N

T2= T+ T
SAVS=A(IN)
ACI")=AC12)
A(I?2)=SAV:E

DIVID

L}

EQUATICN B5Y LEADIN

«
o>
[}
m
-
™m
]
o
-
m
Z
—

ACIT)=ALI1)/=1ICA

SAVE==Z(IMAX) s 4
I(IMAX) =5 () .
3(J)=SAVE/ZICGA

CLIMINATZ NEXT VARIABLE

TECU=ND 556 206 55

IaS=N*x(J=1)

D0 45 IX=JY,N

IXJ=1G8S+1IX

IT=J=1X

DO 40 JX=JY,N

IXJXSN*(YX=1)+IX

JIXEIXIX+IT
ACIYIX)=ACIXIX)=CACIXI)*ACIIX))
FCIX)=a(IXx)=(2Cy)=ACIxy))

cACK SOLUTION

NY=A=1
IT:\:*N
po 20 J=1,NY
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M 22X 2C 2H LG MM OWw >
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1

S
I
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~
9
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5
commos /VARC/CF111, ATAP, H1, CL1, wT1, ACN(ZC

C
C

TRTIE v B I = IR VR & =

C=XN

¢ S0 k=1,J
(I13)=53(I3)=A(IR)*=(1C)
A=IA=N

c=IC=-1

ETURN

N0

UsROUTINE QUTPUT

MPLICIT SEAL*E (A=-H,0~-2)

IMENSICN QC(11), GCG(11), DPCC11), C2CR(11)

IMENSION VG(11), GG(11), PP(11), PO(C11), RO5(11)

DM¥CN /VAR/ TO15' TOBG, TO@G, TU’G' T19 TZ, TZ’ T‘y Té' TS,
19y FTlby Théey TEE, T20Gy TAZy TO0BGy T7,
TC3G6, TO&G, TO05G, T096G, TO010G6, TO11G6, TS
T12 T17y T19y Tigy 126G, FT365

T115, TAls EFFL, PO1G,
PC%Gy PO12G, PC116G,

Gy, F10G, P11C, P(20),

FYvg, F47, F%3, Fvg,
GAM4G' GA"SG, GAMCG'

, TGMII, TG¥3, TMA, GIM

M. -
-
4 ~4
~N U O =
LN ) O D L
G X - =
r» <
~
-

- -
-3

Gy O LW
G, Gy —

oo

n
G O -
- O W~

T oA~ e 1N B

sl
~
>
GY = N

DV~

O 4
n U
. -
w
™
(&3 I
atl
™ o
oy
~ N
-

B ) U= =
X .

2 s a o
=z
N

< m
W -
-
< 3 M U -
- D
&

- e
o
-
-
P

[ )
e
-

o

CPGIy CPGLI, CPG3y, CPA, TYI, TMII, FMLILI, TH;

- o
C (N

G U - -
e A
T e AU ¢

=
C 414 D e e o
Mo b Uy a2

A 0 A T Y T
-

0
A
(]

DM ke b = 20

» CPII, CPIIly CP, GGIy EGGIly GGIII,

(o]
D T Ve DN VOUVOGOC™M U D
4.
N H.
G
(OS]
-

€ 2 D
O G Gy

g
< -
x»

<~ u o

x>

[ &N

4

-
- G
I F NGl e

Lo I ]

4 -

Al y y
CAy €Ly CII, CIII,
TUNIy TUNII, TUNIII
TJNI; TCWII, TOWS'
ESSZ, ESS, W&,

GeG, GCCRR,y zPR,y ALT, PAT, PA2, RH, FN(4L), EFFLPy VIe VIM,
PIGA, H1M, CLIM, WT1M, DCM, BLPR, ELPRM, (PP, (°2PW%, PF, PFM,
RO"! PLK W, wly '*’II, hIIIy NSy WV, W‘J1' WV 2y )
QM, Gyl, QVZ,y GEy GS, CF23, CF34, CF&45, CF?78, C

»

(=]
-
e I -

TUN,
OWy EPSIy EPSILIy EPS3, EPSA. ESSIy ESSII,

— -

3 -
m

w
B9 CES
)' DC' ')L(‘O)'
DH(L)' Dw(#), DBHG(L)’ DALG(Q), DAFCA(L), BSIG(L)Q DDEk(L)v
DACLY, DKRC3) ¢ DSLCL), DSTCLY, DALFCL), DOHCA)y CONVITE)y DELM,
ROLIM, PLIM, FG, TITLE(Z2E), Dpy pP1y DP1Il, DPI1II1, PPR, PPRM™,
TA1F, RHP, TIGM, DKH(4L), ETIC, ET0ZG, ETCLG, ETC7G, ET1,
ETZy ET3, ET4L, ET6, ET8y ET1G, ET146, ET15, ET138, ETZ0, STAc,
ETORG,ET?7,
t=FR, CwA, ONP(2), GDOI, QDIl, SDIII,
«DA, EVIM, =2RPM, VLIM, RO21,
ROAZ yODAFAL (L) 4DSLL (L) AR (L)
O-"“C‘J/VARC/QC,GCG,CPE,CPC,WS,CPS,CP‘\.FIII,TU\'S
OMYMON /IVAR/ NTA™M, NDSGN, NCS, KI, KOy NLIV, NPC(C&), NFULL,
NZS§y NEPS, JCPRO
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WRITE(KO 910025 )WIIgCP2yCPESTEWT2yW3,CP3,CP1,T2,T1
1v023 F:RVAT (1HQ,’X,'aII=',t12.6o5X,'C°2=',E15.705X,'C°é='515-7vsxv
1.Tc:"£,5.7,//AX"T2=',E1SO7QSX"h3='512.6'SX"CPZ:',E1S."SK
2'CF1=',E1S.qy//AXq'TZ:"515.7'SX,'T1='7515.7)
#RITE(KC,100c3)GDII,G0A
029 FORMAT (1HGyIXky'GDII="yE12:e6495%X,'GDA="',ET12,6)
WRITECKD;:100)
#4RITE(KC,101) TITLE
WaITE(KO,4C0)
«Cu FORYVAT('Q INPUT LIST'/' CAyYITY * LASER SPECIFICATIONS'/
1 \ DESCRIPTICON'yZbX,y"' NANME VALUE ENITSY)
NRITe(K0,402) PIGA
403 FORMAT(® INLET PRESSURE '"y12("s '"),'PIGA '",C12.£,' ATN")
wRITE(KC,4Q4) HM
404 FORVAT(' INLET HEIGHT ", 12('. '),y 'HIv U a2, it
WRITE(KO,405) wT1W
405 FORMAT(' wIDTH IN FLOW DIRECTION ',8(', '),'wTi¥ 'e61240,
1 v emY)
WRITE(KOQ,4006) CLIM™
«2¢ F:RVAT(' LENGTH '916('0 ')9'CL1M 'y61205y' Cwity
WRITE(KO,403) DCH
406 FCRYAT(" INLET HMYDRAULIC DIAMETER A GRS U e 961246,

1 ROSl CHE)
ARITE(KRZ,407) PLKW
w07 FCRWAT(' LASER OQUTPUT POWER e L BIEY e PG Y G12:6,
1 g Ke')
WRITE(KO4401) E°FLP
&3 FORMAT (! LASER EFFICIENCY Yol he YD)y YEFFLP '8 245y
1 ' PERCENTY)
AFITE(KC,4609) NODSEN
409 FORMAT(' DESLEGN OPTION *e12C"%: "), "NDSGN *4I7,5Ky" -")
IF (NDSGN <NE. 3) 60 TO 50
WRITE(KOD,410) NCS
410 FORMATC(' MUM3ER OF AREAS (NDSGIW=Z) '",7(C's '), "'NCS 'y
1 I 7y 5%e" -")
NRITE(KC,411) C(ACNC(K) ¢K=14NCS)
«11 FOR’AT(' AREAS "1?('l ')"ACN "6(S12.5,1X),
1 3(51%X,6(6126651%X)))
WRITE(KY,412)
4612 FPORMATCESX " FTxx2")
SG WwRITE(KC,413) FN
“13 FORMAT(' GAS MIXTURE "414('s "),'FN 'WhFAL2,
T * BE T0 N2 TO Cez TO CO%)
NRITE(KO,46174)
16 FORMAT('OINITIAL ESTIMATE OF STEADY STATE QUANTITIES',
il 36XO'IF = OsoUSES')
wFITE(KRD,615) ET1¢6
415 FORMAT(® GAS STATIC TEMPENATURE = STATION T1'a20% Y)4'ETIG
1 61266,y DEG R'" 10X 4'TAT1l + 204")
WRITE(KG,414) ET026
416 FORVATC(' GAS TOTAL TEMPERATURE = STATION 2 ',2('se '),'ETO26
T  Gleeby® D=ZE R HTOXL'TAT + 210"
ARITE(KN,417) ETO6G
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417 FORMATC(!

1 G126,

aRITE(KC,61

FORMATC(®

41z

1 Glzeby®

-
A
1

P RS |

=
TE(KD
F

Lo Lt B e I I S

2 2 2 2 2 2
N Qa

a3

E(KD,419)
Tt(K"yLZC)

\

DE
3)

E(KO,423)
Te(KO0y424)

WRITE(KO,425)
wRITE(KO,626)
WRITE(KO,427)
WRITE(KO.4628)
WRITE(KO,429)

WRITE(KC,1429) €

41¢ FORMATC(!
. 312-69
420 FORMATC(!
1 G12.¢,
4Z1 FORMATC(®
1 Clceby
422 FORVATC(!
1 ENZeby
@23 FORMATC(!
1 61206'
14623 FORMATC(®
1 G1246,
6264 FCRYAT(!
1 G12.86,
425 FORMAT(!
1 G126
425 FORVAT(®
1 G".Zo@v
427 FORMATC(!
1 C12+€,

L2& FORM“AT('

L)

1 62 el

29 FOrRYAT(!
1 G1c2.6,
WRITeE(KC
430 FORMAT(!

’

i G12e6,4"
wRITE(KO,431)

431 FORMAT('
1

DE

DE

DE

DE

Dt

Dt

De

DE

DE
309

De

WRITE(KC,402)

4Cc FORMATC(!

1 IJXy'120.°)
WRITE(KC,432)

62z

WRITE(KC,422)

«I3 FORYAT('
1 Glceé,

GAS TOTAL TEMPERATURE
G RUy 10N, *TAY = 30w')
ETO?G

FORMAT('OCOOLING SYSTEM FLOWS')

- STATION

6 "y30

- STATION 7 "332(°

GAS TOTAL TEMPERATURE
6 B, 10%,*TAT + 704"

ST

ET2

ETS

ETS

ET6

E T3

ET10

ET14

ET1%

ET18

ETZO

ET?
COOLANT TZVYPERATURE = STATICN 1
G R 10x,'TAT + 2C.")
COOLANT TzZWPSRATUR: = STATION 2
G R',10X,'TAT + 20.")
CCOLANT TEMPERATURE STATION 3
G R" 30X TA1 +* &Bs')
COOLANT TEMPERATURE = STATION 4
G RYGTOX, “TAL + S55)
COOLANT T:=MPZIRATUREZ STATION 5
G RY, 10X TAT * 304')
COOLANT Tc“PERATURE STATIGN 7
G RYL10X,"Tal £ 204"

COOLANT TEVMPERATURE = STATICN &
G R 10X " EAT £ L5e0)

COOLANT TEYPERATUKE = STATION 10
G R"41Ix,'TAT + 65,1)
COOLANT TEMPERATURE = STATION 14
G R'y10x,'TAT + 320.")

COOLANT T:ciPERATURE = STATION 1s
G Q'Q1OX'.TA1 + ?S.')

COOLANT TEMPERATURE = STATION 13
G R',10X,'TA1 + 65,"')

COOLANT TEMPERATURE = STATION Z0
6 R'10X,"TAT + 65.")

ETAZ
AIR TEMPERATURE AFTER RADIATOR
G RV 1T0Xe"TAT + 30."%)

cBPR
BLOWER PRESSUKRE RATIO ',9('. '),
'1qu'1l1?')

EviIM
INCET VELOGCLITY ",1e(', "y EVIM
wl
HEAT EXCHANGER 1 (LIQUID) ',7(C°,

EB/SEC™)
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Yy 'l

« Y4 'ETOEG

e ') tETO7G
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o '),'ET4 ’
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o )y VETE '

i EY,VETR
o MY, %ETIO O
o e
e ")y 'ETIS

o ")y tETIE

Vs YETAZ v

'0612.6'
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»

’
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WRITE(KC,434) wl!
434% FORMAT(' HEAT EXCHAN
¥ e¥eebh:® LBFSEL™)
RITECRS1000) %I1?
1090 FORMAT(® HMEAT SX({WAN
1 12 ebe? L3/SEC')
AR ITE(xDy435) w2
«35 FOR™MAT(' YIRROR 3YFA
T 812486, - LBISEEY)
AF ITZ(KCy438) W
436 FORMAT(® ¥ RROR X .1
1 G12.64% LBISEC")
WRITE(KC,437) WwV1
27 FORMAT(! VACUUM pUMP
1 61246," LEZSEC")
WRITE(KO,4238) Ve
425 FORMAT(! VACUUM oumP
1 Gl12+649* LB/ZSECY)
ARITE(KD,625) WF
439 FORMAT(® E=-QEAM L
1 El2.5y" LEB/SECY)
ARITE(KO,449) wS
440 FOR™AT(! SUSTAINER !
3! G 12 oy " LB/SEC"')
WFITE(KS441) CwA
64T FORMATC" CORRECTED F
T G126, CEMY)
wRITE(KC,445)
“«bS FORMAT('(USPECIFICATICNS
ARITE(KD,442) ATAP
wbl FORMAT(! 2LCWwER POLY
1 G“Eoév' ")
ARITE(KND,468) 2RP™
LLE FORMATC(! SLOWER SPEE

NRITE(KC,447) NRS

L7 FORMATC(' NUM3ER OF B
1 oty
ARITE(KC,443) NBPS

L2 FORMAT(! NUMBER OF B
1 I4y6Xs" =)
WRITZ(KO,543) vVLINM

S43 FORMAT(! INEET VELOC
T G12.0,"' M/SECY)

ARITE(KO,L44)

Lba FORMAT('GTUNNEL AREAS')
4FITE(KO,L4L2) A
FORMAT(? STATION 1

6(1Xx,G1243 WS 0% 4561
ARITE(KS,100)
ARITE(KO,101) TITLE
wRITE(KO,500)
FORMAT('Q
ARITE(Kk0,501)

)
1

-
I

wh

9¢ INPUT LIST

501 FORMAT('QOHEAT EXCHANGER
3 SEXCHN 2y lXy SEYCH

ARITE(KO,502)

-y

GER 2 (LIQUIDY ",7(%e ')e'WI] i)
BER 5 LLIGUTIOY 20 % Y CuIEL. %,
g8 Y130, V). '4a LS
el e 3 %M 'y
p PRLTS E SLRL FRLAVE e
2 s TS Ny D "y
GCYe s YWE Ae
SRS U SRR Uy
AN FLOW CAIR) "437('s "),'Cwa 'y

OF BLOWERS")

TROPILC EFFLCLIENCY sV "y "ATAS
D *413('s '"),'BRPM ', G12.,4,' ROM!')
LOWER SEFS *,9(%. "J,"NesS Y oL Sy Gy
LOWERS PER SET "5720C% “),%Npps v,
TTY TOLERANGCE = Yer €% "o vy s

O STATION 1 Vg« ¥ YA Vs

Xy3512,2 )y 'FTax2")

(CONTW) ")

SPECIFICATIONS' 22X ,'CSxCH 1',4X
"RAD',

'
5 o Xy

Xy VUNITSY)




v

1

203

1

507
1

50¢

L]
<y
<

wn
-
>

—_

U

-

o
—_

wn
.3
~

—_

315
1
N e
1
551
1

55¢

1

561
1

FORMAT(7X,"DESCRIPTION®, 25X,

7Xx,'C4)0)
ARITE(KAD,C

¢3)

'NAMZ

oL

FCRYAT(!

=4

CORE

513.3.2x),'

SJ6) UH

g
oee

(GASY * 414

HEIEHT .'1‘0('0 .)1

-4~ X

Xy51243,
z2(K0,506)

i e T e W4

4(2X,C12.3
&RITE(KO,597)
FORYAT ('

L(2x,212.3,

2% G N ET )
Uw

CORE WIDTH

XDy "FTY)
COHG

HRYDRAULIC

CLIQUION %4l

CIAMETER (GAS

QZX),'FT')

DALG
SURFACE AREA / VOLUME (
2X)y "1/ FET %)

#sRITE(KO,508) pArOA

FORMAT(® FIN AREA / SURFACE EA
©(2X,61203,2%),'=")

NP ITE(KC,509) 5SIG

F:i"’AT(' FREE FLOA AREA / FACZ A
‘0(:‘{":1:-‘,ZX),"')

WRITE(KC,510) DDREL

FORMAT(® FIN THICKNESS (GAS) ',1
L 0cX9=12s292X) g YETY)

ARITE(KO,511) DSL

FORVATIC" FIN LENGTR (GAS) 1 (
LEZX ez ye ) o L ETY)

WRITE(KOeS16) DDH

FCRYAT (! HYDR“UL
G (2X0612¢392%) " ET

WRITE(KO, 14) DAL‘

FORMAT (! SURFACE AREA / VvOLUME (
62X ,612342K) " 11ETY)

WR:TE(KO,

FORMAT(®

FORMAT (!
'DS1

FORMAT(
L (2X,6G1
NFJ.TE(KL,

€5Q0) pDAFaL
FIN AREA / SURFACE AREA

FRSE FLOW AREA / FACE A

',‘;(2X1G120392x)7'-')
WRITE(KD,S12)

DA

FIN THICKNESS
ZedyeX) g FTY)
IS0 DSLLE

(LIGUID)

FORMAT (' FIN LENGTH (LIQUID) *',y1
L(E2X95T126292X)4'FT*")

WRITE(KGC,552) AS

FORMATC(® PARTING PLATE THICKNESS
S lE XyG e wdgaX) s EEEY

SFPITE(KC,S61) NP

FORMAT(® NUYBER OF LIGUID PASSES
G(SX,16,7X)y"=")

wRITE(KDYy313) OKH
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Ye )t DL )

'DH )

0C% e *Do*Dw My

e Gl )y YDIDHIG

GAS) ', 5('s "),'DALG ',
(GAS) "eSUYs "),"DAFQA"Y,

KEA (GAS) LG Y YIDIS TiG e

G SRR T o = L

Yo Uy ¥DSi it

I.C DIAMETER (LIQUID)Y '35C%,
')

ELQUITDN: kit Sy pALE Y
CLTAUIEY Yo% "), "DAFALY,
REA CLIBLID) ",2(%% %),
VeS8tV M2 tpk L
QIC e HD DS
U EURRRUS LU 'y
BRIy NS s




T T

R S —

S13 FORMAT(! FIN THERMAL CONDUCTIVITY
1 4(2X9512e6,2%X),'8TU/HE=-FT=pEG ')
WRITE(KQO,S17)
517 FORMAT('QOHEAT IMNPUT RATES',29 ‘VALUE
NRITE(KC,512) 4P
S1c FORMAT( PUMP B Gl U ao L

2X " "BTU/ZSEC")

) aCw

519 fOR“AT(' MIRROR CONTROL
T 22X G1246,20,"BTU/LSECY)
ARITE(KC,320) aw

S20 FORMAT (' MIRROR ',15(',
1 2X3C12e5,2X, " "BTU/LSECY)
ARITE(KO,521) av1

5217 FCRWAT(! VACUUM PUMP 1 ' 13(', "),
T 2X,612:6:2X5"STU/SECY)
WRITZ(KC,522) GV2

SZé FORMAT(® VACUUM PUMP 2 1,43(' '),

Xe *BTU/SECY)

)

.,12(.. !

"), 'aQM

L

(¥
rJ
(o]
A 3
> M

i
S3EAM Y, 16, '), 006
2v61266,2X,'23TU/SEC")

(K,’SCL) xS

-
O 0

w
"

3
Rk

AT (! SUSTAINER NS lSiEly L) vais
G12e64y2%s "3TU/SECY)
"(Kf,‘hS)

Y
T=
v
¥y
YATC'"ODIFFUSER LOSS COEFFICIENTS)
T
T
b i

-

u
ra
n

RIS I ]
LI VI S B S I S A S SST o B I R S ]

V(\“vcv‘) CEE3
:(\”,,47) CF3¢
B STHATE KOND 210
1 cx,\.1¢.é,2x.'-')
ARITE(KO,S544) CF111
wFRITE(KC,521) CF%10
WFITE(KC,530) CFES
ARITE(KD,529) CF78
wRITE(KC,528) CF&5
S27 FORMATC(' STATION T TO
1 ZX'.F:“ZOC,ZXQ"‘)
i FCQ*A’(' STATION L& TO
i1 +512 o..y’Xy U
526 FC&”AT(' STATION
1 ZX,G“Z.é,Zx,'-')
S2C FORMATC(' STATICN
1 EXQ\E1:06'2Xv"')
531 FCRYATC(! STATION 9 TO
1 2‘9G1206’ZX1.-')

364 FORMATC! STATION 11 TO
1 2x9612t592Xv'-')
WRITZ(KC,S32)

M E X2 TN o2

i
"~
o
O

STATICON 3

STATION &

STATION S

~

TC STATICN

o

[&4)

TO STATION 9
STATION 10

STATION 1

l’7(l. D),
UNITS')
YoteCm *,
'
*
ravt !
'Qy 2 '
[}
'
L]

"
7S,
U A 1Y -
USRSl vy
U Al U U
L7 1
UL e U RUB
(Gl

532 FCRYAT('GAMBIENT CONDITIONS, DECISION VARIAELES,

1 ' TCLERANCES')
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'JKH l'
E
¢

NSRS Y,

SEEsL vy,

'CFaS ',

'CF?E "

'CFEO l'

'CF910°',

YCFTI1 %,

AND CONVERGENCE',

o A —




"l ";

! WRITE(KC,533) Tailf
533 FORMATC® AMEIENT TEMPERATURE '410('e ") 'TA1NF ',2%X4612.642X,
1 '9E: FY) '
WRITECKD,534) PAT
524 FORMAT(! AM3TENT PRESSURE Yy11(CYe ") oVBAT % ,2X,6124%42%y
1 YesEat)
ARITE(K0,535) RKP
535 FCRMAT(® RELATIVE RHUMIDITY 'y 11€6% Yo "RHP * 2%, 6128, 2%
1 YOERCENT )
{ ARITE(KZ,542) F5
E SLZ FORMAT(! FRACTION CF GLYCOL IN COOLING LIGUID . FG ..
1 C1:oC' ’ .)
WRITE(KO,526) NLIM
S2E FORNMATC(! MAXIMUM NUM3ER OF LOCP CYCLES '"ySC'e ')y'NLIm™ ',
E 1 SIS g8 gt =")
WRITE(KS,537) PLI
S27 FORMATC(! DRESSURE TOLERANCE o100 s ), YPLIM % ,2%,0612.58,2X,
1 HESTAYY
n?ITE(KT,SSS) DEL™ % '
535 FORWAT(! MACH NUMSER TOLERANCE "49('e ") 'DELM ',2X,G12+642X,
1 U=ty
WRITE(KO,539) ROLIM
529 FCRMAT(! DENSITY TCLERANCE '11(%s "), "ROLIM® ,2X96126642Xy
L]

LE/FT=x3")

#RITE(K24540) CONV

S54G FCRMWAT(! STATE VARIAGBLE TOLERANCES '"97('s "),y'CONV ',
T 3(2%,%1263971x)92C/50K33(2X 9512629 1X)) /50X Xy 5126242X,
2 YDEG R')

WRITE(KD,100)
¥0C FORMATC*1")
4RITECKO+3CT) TITLE
101 FORYAT(2Z1X,1446)

CALL GASP(TIG, FNy GAMIGy 2y Zy Zy 3MU) i
CALL GASP(T2G, FN, GAMZ2G, 2, Zy, I,y GMU) i
CALL GASP(T3G, FN, GA¥ZG, Z, Z, 2, GMU) i
CALL GASP(T&4G, FN, GAMLG, Z, Z, Z, GMU) 4]
CALL GASP(TSG, FN, GA¥SG, Z, Z, Z, GMU) i
CALL GASP(T6G, FiN, GAMEG, Zy Iy Iy SMU) b
caLL GASP(T?G, FNy GAMP?G, 2y 2, Z, GMU) i
CALL GASP(T3&, FN ,GANMEC, 2, Z, Z, GMU) b
CALL CASP(T93, FN GAYGG, Z, Z, Z, GMU) %

CALL GASP(T106s FNg GAM10Gs T4 Iy Zy GMUY
CALL GASP(T11Gy FNy, GAMI1G, 24 Zy Z, GMU)
CON=32,176%1545,643/GMU
VG(1)=F¥1*DSGRT(GAMIG#CoN*TIG)
VG(2)=FY2*DSGPT(GAM2G*CON*T2G)
VC(I)SFM2Z*DSART(LAMIG*CON®TIS)
VC\L)'F‘u*DSuRT(uAMLG*c“M-TL )
G(S)=F¥S*DSGRT(GAMSG*CON®XTSG)
YE(4)=FRE*DSGRT(GAMAG*CON*TEG)
VG(7)=FM7#DSGRT(GAM7G*CON*T?G)
VE(S)=F¥E*x0SGRT(GAMEG=CON*TR5G)
VE(S)=F”9*LSGRT(GAMEGACANKTOC)
VE(10)=FM102CSGKRT(GAMI0G*CON*T10G)
VE(11)=FMT11%DSGRTC(GAMTIT1C*CON*TT113)
g0 28 k=14 11
ce GClR)=VE(K)*A(K)*40

J
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aRITE(KC,102) ALT
192 FORMAT('Q ALTITUDE S o2l e M)y 1N Gl2.689 Y € FTYYH
wRITE(KC,103) PAT

102 FORMATC! AM2IENT PRESSURE *41c('s ') y1X,612.£6,"' (PSIA)')
WRITE(KO,104) TA1F
106 FOR™AT(® AN TENT TEWPERATURE ',15('. ")y 1X,8124%,"' (DEG FI ')

ARITE(KO0,105) RHP

105 FCR™AT(' RELATIVE HUMIDITY *,416C%, "), 1X,612.64" CPERCENT)")
WRITE(KD,107) FIGca

107 FORMAT(® LASER INLET PRESSUR: Y160 s ") W1X, 612,64 (ATM)*)
TIG¥=TIG/1.5
WRITZ(KC,1G8) TIsM

108 FORMAT(! LASER INLET TEMPERATURE ',13('. Yy 1X, 6126, (DEG K)')
Z=(T02G-T01G)/1.3

s WRITE(KO,142) 2

142 FORMAT(' TEMPERATURE RISE ACROSS CAVITY VG L)Y X 6126
T ¥ CDE& KYY)Y®
WREITE(KG,10G5) VIM™

106 FOR™AT(' LASER INLET VELOUCITY '"314(C"s *)41%4G12e69"' (M/SEC)")
dRITECK Q9 110) PLKW

\)

11@ FgrMATC * LASER OUTPUT POWER o o "y13("e ")y 1XyG1264y" (KWI")
ARITEZ(KD,17461) EFFLP

141 FORMATC ! LASER EEPICIESNCY ',160%, "),1x,612465" (PERCENT)®)
ARTITE(KD,1143 w6

114 FOR“ATC(' LASER GAS MASS FLOw RATE Y, 120, ")y 1X,61245,

1 Y CLBASEEYY)
WRITE(KC,115) aA6
115 FORMAT( ° VOLUME FLOw RATE AT SLOWER INL:T '98('e ")y 1X,G1246,
1 ' (CEM)")
aRITE(KC,115%) GCORR
11& FORNMATC ° CORRECTED VOLUME FLOw RATE AT ZLOWcR INL
1 1XVG12-éy. (C‘M)')
aRITE(K2,13G) WA
139 FCR¥AT( ! CCCLING AIKR FLOw
1 ¥ OOEBASECTY)
“RITE(KC,y140) CwA
140 FORMATC( ! COOLING AIR FLOW RAT:Z ',14('s "),1X,G12.6,
1 *ECEMYTD
WFITE(KO,117) EPR

T I e M,

m

Ya14(C', ")y 1XyG1246,

x
T

-
m

117 FORMAT( * SLOWER PRISSURE RATIO '"414('e ")y 1Xy3G12e8y" (=)")
WRITE(<C,111) ELPRM, SLPR _ .
111 FCOR™ATC ° ELOWER PCOWER REQUIRED '91‘('0 .)p1x’612909' (KW)'.

1 &X36128:1%:% (HPY')
#RITE(KC,y112) PBRM, PPR
112 FORMATC(C ! COOLING PUMP FOWER REGUIRED ',11('s ') y1X4612.6,
1 Y OCKWYY 838X G128, 1Ky " (HP)")
AFITE(KC,113) PFm, PF
115 FORMAT( COCLING FAN POwWER REZwlUIRED i [ BGRB[0 5
1 V(KWWY ' 8X4G1266491Xy" (HP)')
wRITE(KO,106) FN
104 FORWAT(® LASER GAS MIXTURE "¢15(0's ")yl XyF5e2s3C" TO'sFSe2)nieXy
3 Yeéue TO N2 FO €02 TQ CO0)'y
ARITE(KO,1643) G™U
1643 FORMAT (! ACLECULAR WwEIGHT OF GAS Yelel® s "ipiXeBiewby
1 ¥ (=)
wRITE(KO,112)

B
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e R S

T MEXEH 2%, X, "EXCH 3°, GXo'RAD’ ., LXPUNITS®)
114 FkR“AT("’ Xy 'HEAT EXCHANGER VARIASLES', 14X, "EXCH 1',2X,
1 Y=xcH ",3x, EXCHY Zb 5y RIADIY 5 5.0 "UNITS ")
#RITE(KQ,119) GDI, GADII, GDIII, GDA
115 FORMAT(® HEAT TRANSFER RATE Y4116 %s ") 42Xyl (G122 902X,
1 ' sTu/RRY)
4FITE(K0,120) DpPI, DPIl,y DPIII, DP
120 FORMAT(® LIGUID PRESSURE DkROP Vo0l ") 2K 4061262 43%),
1 ¢ PSIAY)
#RITE(KC,121) NP

121 FORMAT(! NUMBER OF LIGUID PASSES '"4G('s ")y2X,6(2X,124,2%),"

NFyLL=C
IF (NFULL oNEe Q) RETURN
ARITE(KO,122) T™I, T™MII, TMIII, T™
122 FORMAT(! MEAN TEMPERATURE ',9(",') ,,'(LIGUID)Y,;4("s ") 42X,
1 4(G12.2,3X),"* DEG R')
~RITE(KC,123) TGMI, T&MII, TG“3, TMA
FORMAT (232X, (GAS) *y10%X,4(%12.2,42X%))
ARITE(KOQ,124) ZI4U, 211I%MU, Z3%U, IMU
F
1

—
n
N

—
ny
*

(3

LILET=SECY)

#SITE(KD,123) GIMU, GIIYU, GZu, AMU

aRITE(KO,125) PRIy PRIILPRIII,PR

123 FCRVAT(® PRANDTL NUMZIER "o 17C¢'e") " (LIGUID)'J&("s '),2X,
1 k(b1c-29 X)' -')

WIAITE(KQ,123) PRGIl, PRGII, PRG3,y PRA
wRITECKODy126) CPIy CPEI, CPIIT,y CP
146 FORMATL® SPECIFTIC HEAT Y4120 "),y ' (LIQUIDYI " 34(" s Y)y2ZXy
1T &CE1Z2e253%)," TU/LE~DEC R')D
WRITECKO,123) CPGLy EPGIIy CPG3, CPA
ARITE(KD,127) &1, GII, GIII, 3
127 FORMAT(' MASS FLUX "4 16("¢ '), " (LIQUIDI "ya("s ') ,2X,
1 4(812+4243X),"' LB/FT**2=SEC')
WRITE(KC,123) GEI, EGGIl, GGIII, GA
ARITECKG 128 RELl, REILy REIIIy RE
L}

125 FORMAT(® REYNOLDS NUMEER
T 4(61Z2e2¢3X)s" =)
wRITSE(K2,123) REGI, REGII, REGZ, REA
WRITE(KC,129) FI, F11, FIll, F
129 FORMAT(! FRICTION FACTOR *410('e") P CLIGUID) "44(" "y "Dy2X,
T &06124243%)," =)
wRITE(KO,123) GFI, GFII, GFIII, AF
WRITECRO 130 ZTdhy ZULLy ZJd1tLy 24

P 100 ")y "(LIQUID) 'yo (s "),y2X,

Sinky

3
R¥AT(C! VISCOSITY ', 10( ")y " (LIGUID)'ya('e ") 42%x4L(C12.2,2X),
'

130 FORMATC! HEAT TRANSFER FACTOR 'yS('o") " (LISUID)",4('s "),2X,

1 “(G120203X)" ")
WRITECRD ¢122) GUl, GJILy GJIITI, AJ
WwRITE(KO,131) HI, HII, KIILl, H

131 FORMAT(' HEAT TRANSFER COEFe 'y6('a'),"(LIGUID)"y4('s '),y2X,

1T 6(G1Z2e24y23X)y" ZTU/FT**2=SEC=0E5G R")
WPITE(KC,123) HGI, HGII, HGIII, HA
wRITE(KO,132) CI, CII, CIII, €

132 FORMAT(® FLULID CAFACITY RATE ',E('¢"),"(LIQUID)'y4('s ')y2Xy
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1 &(G1242,3%),"' 23TU/SEC-DEG R"')
WwRITE(K0,123) €SI, CGII, CGIII, CA
WwRITE(KO,133) ul, UIl, UIII, U
123 FORYAT Cf OVERALL HEAT TRANSFER COEFe '"9y7('s ") 42X44(G12e243X),
1 * BTU/LET®k2=8EC=DEE R*)

NRITE(KO,134) AGI, AGII, AGIII, AA
124 FCR™AT(' GAS HEAT TFRANSFER SURFACE AREA b S QUG S i
T 4(57126293X)y" FTx*2")
WRITE(KD,135) TUNI, TUNII, TUN3, TUN
5 FCR™AT(® NUMSER OF TRANSFER UNITS R D e o
1 LRGN 2 026 3NN g™ =Y)
ARITE(KO,136) TOWI, TCwII, TOw3, TOW
126 FCRMAT(! CAP GAMMA ',16(%s ") g2Xeba(G1262,3X)y" =%
ARITECKO+137) ESSI,. ESSIIy ESS3y ESS
137 FORMAT(! SINGLE PASS EFFECTIVENESS 'y2('s '),2X,
1 4(312.2,5)().' '.)

1

N

SRITE €O ,1358) EPSL, EPSIL, EPS3, EPS
138 FORMATC" TOTAL SFFECTIVENESS v,11( L) &
T 406T2.243X)y* =)
#RITE(XK0,100)
#RITE(KZ,101) TITLE
WRITE(KD,200)
290 FORMAT('Q",1bx,'5A5 FLCA SYSTEM VABRIASLES =Y STATION®)
NRITE(K?,201)
201 FORWATC"O STATION NUMBER w15y "1y BXy 2 Y EXe "3, &X,"4",
1 BXg S oS MBI SN BTy 5x.' s B Ty KT TE, ZTXetT1)
nRITE(KO,EOQ) PO1G, POZG, FO3G, PO4G, POSG, PCOG, PO7G, PC3G,
1 P3¢, P0O10G, P0116
204 FORYVET('O TOTAL PRESSURE (Pps1a)’,
T 6013612634 1X)/3T X3S CTXG1Z2634T%))
wRITE(KD,202) Play, P2Gy P2Gy P&4Gy PSGy P&G, P?G,y, FEGy P9G, P10G,
1 P11¢C
20% FORMAT(Y0 STATIC PFESSURE (PSIA)",
T 601X 381263 3 VXY L3NX S CNX5GT2 ¢35 1X))
wRIT E(K v206) T01G6, T02Gy TO03G, TOLS, TOSG, TCHE, TO7G, TO8G,
1 T09G, T0108, TO116
2C¢& FORMAT('0 TOTAL TEMP o (DEG R)',

T 6(1X3G612e341X)/31X35C1X,G61263,1X))
RITE (KO yZCS) T1G, T2Gy T3G, T&4G, TSGy Técy T7Gy, TEGy T9G, T106G,
1 7315
205 FORMAT('Q STATIC SMPZRATURY (DEG R) ',
T 661X%e612e3 1K)/’1X, (1XeG12e341X))
WRITE(KD,207) FM1, F¥2, FM3, FM&L, FiAS, FM&, Fw?, FME, FMS, FM10,

1 F*11

207 FORMAT('y MACH NUM3ER (=)',
1 IR G123y IRIZZIN 50 IN96T12:3 5 1X))
WRITE(K0,208) VG

208 FORMAT('0 VELOCITY CET/SECY Y,
T 6C1X4G12e391X) /21X 35C¢1X951263,1%X))
chT_(K’:'EOQ) &G
209 FCRMAT('Q VOLe FLOW FRATE (CFW) ',
1 CIX612e59TXI/3VX9pSC1XsC126391XD)
1= CVU*.093178
ROGC 1)=PIG*Z/TIG
ROGC Z)=P2G*7Z/TZG
ROG( 2)=pP2G*2/T25
RCC( 6)=PLGx/T4LG

.l
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L e

ROG(S) = P5G=2/T56G
RO3C 6)=P&G*2/Tt06
ROG( 7)=F7G%x2/T76
ROG( S)=PEG*Z/TSs
ROE(9) = POGxZ/[TYE
RCEG(1C)=P10G*2/T106
ROG(11)=P11G6*Z/T115
ARITE(K0,220) ROS
220 FCRMATCYO DENSITY (LE/FTxx2) "',
T 801X, CE126341X)/31X,5C1XyG1263,1X%))
ARITE(KO,212) A
21¢ FORMAT('C AREA (FTxx2)"',

1 61X g812e3 3 MX)X /31X 51X 361243 51%))
WRITE(KO,213) CAMIG, GANZG, 0(AM3L, 5AMALG,
1 GAMSG, GAMSE, GAmMA0G, GAM1T1G
213 FORMAT('D CAMMA
1T 6013612331 X)/31%,5C1X3G12.341X))
°2(1) = (PO1G=PCcGI*27 47
Pp(2)=(P02G=P03G)*27,7
PR (2)=(FPC22=PRGG)*27,.7
PD(4L)=(FPO&LG=P0SG)=27,.7
PD(S)=(PO5G=PCHGC)*x27,7
PC(&)=(PUAG=PO7C)*x2 7.7
P (7)=(FO7G=-PO038G)*27 .7
PD(2)=(PC2G=POSGI*27.7
PR (5)=(PUIC-POTI0G)*27 .,
PD(1C)=(PO10G=-PO11G)*27.7
PDC(11)=(PC11G=-P01G)*27,7
60 27 K=1,11
el PP(K)=PD(K)/(Z747*P0LG)
#aRITE(KC,210) PD
210 FORMAT('O PRESSUR
T 601X G12e3:1X) /37X
wEITE(K0,211) PP
211 FORMAT('0 PRESSURE DROQOP [/ POS
1 Q(1XyG121391X)/37X75(1Xy612-311X))
“RITE(K0121L)

CAMSG, CAMEG, GCAM7G,

(-)'q

E DROP CIN H20)',4X,
’ 1K

KeyG1242,4,1X))

n
v
Sl

(-)',OX.

214 FORMAT('J'412X,"COCLING

AIR VARIAFRLES'")

ARITE(KT,215)
él> FORMATC'D

wQITE(KS,216)
214 FORMATC('C

#RITE(KD,217)
217 FORMAT('C

WNRITE(KC,218)
¢c18 FORMAT('O

STATION NUMEBER',1&8X,'1A",12X,"'2A")
PAT, PA2

PRESSURE "9 12X4'(PSIA)'",2(1X,G6124541X))
TAtlsy TAZ

TEMPERATURE'yoX,y ' (DEC
RCA1, ROA2Z2

DENSETY 69Xy " CLS/ET 2RI s 2 (1 Xy Clzuty XD

R) *52C1X 3612651 %X))

DPPA=(PAT=PAZ)I*27,7

WRITE(KO,216)
219 FORMAT('Q
WRITE(KO,L100)
ARITE(RDL1CG1)
#CITE(KC,200)

DPPA

PRESSURE CDROP CIN H2g0)',7X46124¢0)

VETLE
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2
-

FORMATC('Q'y16X,'COOLING SYSTEM VARIABLESS 8Y STATION')
NRITECKD 4301)
5919 FORMAT(*Q STATTON NUMBERY o 1G% o "N 2%, Y2 ¥ 013X, ¥3Y,1%
1 151’13x'|5|’11x'-7 /t;X1'r',11X,'°',17X,'10',1;X"11'
A =R B S (e S e R (LR ) TR T LI e SR, B RS B ) G T s i
2 12X Y9 120, 200
wRITE(KC,202) P
302 F2R™MAT('Q PRESSURE CPSTAY,

—

7C1X,61246, 1x)/71x,?(1x,61¢.c.1X)/’1x,c(1X,u1¢.é 1x))
ARITZ(K0,303) T, T2, T3, T4, TS, T6, T7, 17, TS, T10,
1T T13, Tl4y T1S5y T16,; T17, T18, T19. 720
3C3 FORVAT('OQ TEMPERATURE (DEG R)',
1 7(1X,G12.6y1X)/31x,?(Tx.G12.c,1X)/31x.c(1x,G12.6.1X))
304 FORMATC' VELCCITY (FT/SEC) ',
1 7(1x,c1_.6 TXI /21X, 71X 61205, 1X) /314,601 %,012.4,1%))
ARITE(KZ,205) o€

305 FOGRMATC'Q VCLe FLOW RATZ (FT*x3/SEC)',
1 7143012664 1X)/21X 701X 3G126691X) /31X, 01Xy CE1264,51X))
wRITE(KN,308) GCG

30¢ FORMAT('O0 ViOke« FLOW RATE (GAL/™®INY ',
1 TOIX, G128 4TX)/2TX37CT1X3CT126691X) /31X (TX,36124%41X))
szre(KO,:J?) po(
ARITE(KOC,209) AC

239 FORMAT('OQ AREA (FT*x2)",
1 PUIX3 G128, 11XV P23 1N o7 CTX 3612665 1X)/23 1 X601 X568124551X%))
307 FORMATC®O PRZSSUR:Z CRQOP (PSTAYY 5
1 ZE1X 36128 INDIZNR T CIX 612 (651X LITX 60T %y 12080 1X))
ARITE(KO,30%) CPCR
304 FORMAT('Q PkeSSURE DROP Z P1 C=2"
1 7EIX 61256850 F31Xg0CIX3G12eb9INI/TIXECT1XyG1Caby1X))
RETURN
END

280
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v
SFPT
NTAM = +0
TATF = -.50000000CCGCOCCT0CD+002
PLKw = «30000000G00CU0GGQ0D+0CE
ETIC = «300CC000000000CCH0D+000
ET0Z6 = «0000080G000C00ACCACD+0CD
ETC6G = .00050CCCCr0200530G00+000
ETO76G = «000C0200000050CC00D+000
£T1 = «00000000G0G0UA00COD+000
ET2 = «0000C00CC00CI00CCCO+000
ET2 = .00000000GDGCCO0CUOD+00C
ET4 = .00000000000050G000D+00C
ETS = «00000000G00L00G060D+00C0
ETAZ = «0000008059GC30C000D+020
BTG = «CO0C00GOGNCR00C0OGD+CEO
; ET1¢ = +G00CC0GOC0QC0003CGD+000
ET4 = +0000C00C300300C0000+090
2396 = «C00CC002000000G000D+2C0
ET1é = +020C0C0GCO0TGC00CIGD+000
ET20 = «O00CCOCCO0CIC0C0C0D+000
ZFFL® = +1000000000600000C0D+GC02
wl = W F173593655659595%56p+000
1 WII = 05172999959599955555+000
WwIII = v 317359635599596955960+G00
wo = +500000006060C020300+0C0
W = «903CG6CC000006000050+600
wyl = «909569556%55599956p=-001
W2 = «83130000600G2C006G505+00C0
WE = «508000060G20C00G00CD+00C
) = e WS4L4GGC3IG2YLGIYSISI+00T
Cud = «5000G0GCE0G03080000+006
cP = «35000000G00000060CO+001
GCw = ¢9500G0CC0AGCHICOCOE+000
an = e4672699655555595565p+001
avi = «4?73C00C0CAGC000CI0D+0CD
a2 = 0b625653%9292959955595+001
GE = «4729%9569998555955p+001
&S = «00000C000CCO0000UCD+GCO
CF22 = e 79569000509 96655¢a -G
CF34 = «15000000CC0000202060+0CC
CFLS = «3900000600C0CI0C00CL=-001
CF75 = «1500000000000000303G0+000
CF8Y = «1500000000GC00CACCD+CNO
CF910 = «20006000006000000%55=-0¢C1
CEY1 = «15000000C20030C0C0D+000
| SVIM «25000G007C0003C30GCD+002
. ATAF = «700060000036C30G0CG0+000
; FIGA = «5000060G0CR00005CCGD+u00
g 1M = «5000G06260000000G20+001
; LM = «4000000200C00000020+002
1 w11 = «500000000000000C000+301
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