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FOREWORD

This document was prepared by Rocketdyne Division,
Rockwell International, under Contract NAS8-27980,
to satisfy requirements of Data Procurement Docu-
ment 341, Data Requirement No. SE-236-8.

ABSTRACT

This report presents a linear model of the Space
Shuttle Main Engine for use in Pogo studies. A
digital program is included from which engine
transfer functions are determined relative to the
engine operating level,
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SSME ENGINE MODEL

SCOPE

This document provides a set of linear differential equations which describe the
response of SSME engine parameters to variations in independent interface variables.
The model provides adequate accuracy and frequency range for use in Pogo studies

of the Space Shuttle Vehicle.

APPLICABLE SUPPORTING DOCUMENTS

The following documents, of the exact issue shown, form a part of this document
to the extent specified herein:

e RLO0O001 - Engine Balance and Dynamic Model (Revision E, February 1973)
e DVS-SSME-101A - De51gn Verification Specification Space Shuttle Main
Engine, Volume II, 20 July 1973
e RC1010 - Computer Program Requirements Document, Controller (Rev151on D,
February 1973). !

oy

NOMENCLATURE
Variables
A = area, in,?i
C . = fluid compliance, in.z
- DW = weight flowrate, lb/sec
F = oxidizer fraction in combustlon process dlmen51on1ess
g = grav1ty constant, 386.4 in. /sec2
H = spec1f1c enthalpy, Btu/lb
2 = length, ~inches
L o= 1nertance, sec /1n.
P = total pressure, psia
?? PR = pressure ratio

BV e RSS-8549-2




R = resistance to flow, sec®/in.” 4;‘5
SXx = Trotational speed, rad/sec f
S = differential operator, sec”!
T = temperature, R |
TW1 = hot-gas wall temperature, R
TW2 = ambient wall temperature, R
Y = volume, in.3
W = weight, 1b
X = actuator piston position
I'(X) = function of X
n = turbine speed parameter
€ = percent of total valve travel, dimensionless; valve angular
position, degree
A = operator for small variation
u = viscosity, lb-sec/in.2
o = density, lb-in.3
T =fﬁtime constant, sec
T = torque, in.-lb '
$ = normalized flow variable ?
a = normalized area ratio A/A
X = normalized stroke ratio, X/X
DQ = heat flux, Btu/sec
A( ) = coefficient in linear model
BXX = coefficient in nonlinear model evaluated at EPL
SUBSCRIPTS

= . combustion chamber ‘ ,
= thrust chamber B : o , " ;

~CN = thrust chamber nozzle
CCV = coolant control valve ;
 CIES = combustion injector end static
FI = main fuel injector ;
':*5NV"Q = fixed nozzle or primary nozzle heat exchanger
B
RSS-8549-2




- FP = fuel preburner
3

N F§ = low-pressure fuel pump inlet
F1 = low-pressure fuel turbopump
F2 = high-pressure fuel turbopump
FD1 = downstream of low-pressure fuel pump
FD2 = downstream of high-pressure fuel pump
FPF = fuel preburner fuel .
FPO = fuel preburner oxidizer | :
FPV =  fuel preburner oxidizer valve
FP1 = low-pressure fuel pump
FPZ = high-pressure fuel pump
FT1 = low-pressure fuel turbine
FT2 = high-pressure fuel turbine
ENBP = primary nozzle bypass
FPOI = fuel preburner oxidizer injector
FT1D = 1low-pressure fuel turbine discharge
FT2D = high-pressure fuel turbine discharge
_ MC = main chamber heat exchanger
U MFV = main fuel valve
MFVD = main fuel valve downstream
MOV = 'main oxidizer valve
o1 = main oxidizer injector
op = oxidizer preburner
0s = low-pressure oxidizer pumﬁ inlet
0s1 = high-presSure oxidizer pump inlet
01 = low-pressure oxidizer turbopump
02 = high-pressure oxidizer turbopump
OD1 = downstream of low-pressure oxidizer'pump
‘0D2 = downstream of high-pressufe oxidizer pump ‘
0D3 = downstream of high-pressure oxidizer pump preburner boost stage
- OPF = oxidizer'preburner fuel .
OPO = oxidizer preburner oxidizer
OPV = oxidizer preburner oxidizer valve
fjg _ OPl1 = low-pressure oxidizer pump '
B RSS-8549-2
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OP2 = high-pressure oxidizer pump (primary)

OP3 = high-pressure oxidizer pump preburner boost stage
0T1 = low-pressure oxidizer turbine

0T2. = high-pressure oxidizer turbine

OPOI = oxidizer preburner oxidizer injector
OTPR = oxidizer tapk pressurization

PR = pressure ratio

POS = prcburner common supply pressure

T = temperature

TC = thrust chamber

v = vapor pressure

W1 = hot-gas wall

W2 = ambient wall

(3) = high-pressure fuel pump discharge
(4) = fixed nozzle heat exchanger

(5) = main chamber heat exchanger

(9) = preburner fuel supply

- ENGINE CYCLE DESCRIPTION

The engine flow schematic is shown in Fig. 1. Significant features are as follows.
Two turbopumps are used in series in both the fuel and oxidizer system with an
additional high-pressure stage on the shaft of the main high-pressure oxidizer

- pump to supply preburner oxidizer flow. A topping cycle is used in which most

of the fuel is burned with about 10 percent of the oxidizer in the preburners.
The preburner flow drives the turbines of the'high-pressure fuel and oxidizer:
turbopump. The fuel-rich flow is subsequently burned with the remainder of the
oxidizer in the main combustion chamber.

The low-pressure fuel turbopump is powered with fuel which has Eeen heated in the

cdolant passarés of the thrust chamber. This gas is then mixed with thevfuel-

rich turbine drive gases. The‘low-pressurevoxidizer turbopump is driven with

- liquid oxygen from the high-pressure oxidizer pump discharge and is discharged
back into the flow stream of the low-pressure;qxiQizer pump; ’

RSS-8549-2
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The system is controlled by use of three scheduled valves and two closed loop
control valves. The main oxidizef, main fuel, and coolant control valves are
scheduled as a function of command thrust level. The closed loop controls sense
fuel and oxidizer flowrate as well as thrust chamber pressure and vary oxidizer
flow to the two preburners to accurately control engine thrust and mixture ratio.
The resolution required for steady-state control is such that low level oscilla-
tions may pass undetected through the engine system with no response from the

engine control system.

Information concerning analytical descriptions of components and system processes
are contained in RL0O001, Engine Balance and Dynamic Model, Ref. 1. Complete in-
formation in engine balance points may be obtained from DVS-SSME-101, Design Ver-
ification Specification, Space Shuttle Main Engine, Ref. 2, Details of the con-
troller performance are contained in RC1010, Computer Progress Requirements Docu-
ment, Controller, Ref. 3. Significant information from each of the reference
documents (using the latest revisions at the time of this publication) are also

contained in this report.
NONLINEAR MODEL

The equations for the nonlinear model shown in Table 1 are basically those in
Ref. 1. The only modifications which can be presently justified are those which
add local fluid compliance. Where possible the exact form and nomenclature of
Ref. 1 is used. Note that Equation 42 and 43 are additional equations to include
fluid inertia between the low-pressure and high-pressure oxidizer pump and to

include high-pressure pump compliance.

Numbering for the nonlinear equations is related to the reduced linear equation
set. All equation numbers which have an alphabetical suffix indicate that the
dependent variable associated with that equation was eliminated in the linear

equation set.

RSS-8549-2
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Coefficients for the nonlinear equation set are labeled as BXX. These werc obtained
directly from Ref. 1 and are included as Table 2 along with required balance data
for a typical EPL (109 percent) engine and coefficients for nonlinear equations,
based on Ref. 1 EPL power balance. These values are based on the EPL (109 percent)

and need not be changed for subsequent runs at different power levels.

Functional characteristics of components shown in Figures 2 through 22 are taken
directly from Ref. 1. Note that most of the functions are in a form such that
they are normalized to the 109 percent thrust level (EPL).

RSS-8549-2
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TABLE 1. SSME NONLINEAR ENGINE MODEL EQUATIONS

Low-Pressure Fuel Pump

¢pp; = BIL (DNpp./Sp)) (1a)
- " 2
Pepy = Pps * B1Z (Sgy) FPFPl (4ppy) (1)
_ L2 .
Tepy = P13 (S FTF“ @ppy) t1b)
Pl
Low-Pressure Fuel Turbopump Speed
Spp = Bl4 ./ETFTI = Tppy) 4% (2)
Low-Pressure Fuel Turbine
~ FT1S |
Tpp, = BI16 [P(5)] PTFTI {[PFI/P(S)] , ”FT1} (2a)
Nepy = BIS [éFl/,/T(S)] (24)
- _ 1/2
DW= {317 [P(S) PF{] p(S)} (2¢)
High-Pressure Fuel Pump
Gppy = B8 (DWep./Sp)) (3a)
2
Pepa = Pppp * B9 (Spp) Tp  (Oppy) (3¢)
FP2
. _ ) 2 ,
Tsz = . B20 (SFZ) Tp (¢sz) ' (3b)
. FP2
o i mo m 21 A2 ,.
D, = 321/’[PFD2 Pupyp - B22 (OWepo/ [A/RT 0 ) ] dt (3)
[A/Rlyey = Typy [X/X]ypy . (3d)
RSS-8549-2
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() TABLE 1. (Continued)
T High-Pressure Fuel Turbopump Speed
Spz = 823 Mgy = Tgpp) 0t o ™)
£
b Vo= (4a’
: H(3) = B103 (Tpp,) (Sp,) (4a)
High- Pressure Fuel Turbine
] ‘ 1/2 / 1/2
DWepp = B24 (Prp)  Tpp [(Ppp/Pep) ™ "] [ (Tgp) | (40
= R? FT2S n
Tery = B26 (Ppp) o [(Pp/Ppp) s FT,] | (4¢c)
FT2 :
Ners = B25 [Sgy] | | : (4d)
n ' -1/2 ‘ .
FPR- (PR) = [PR4/1.4 - PR2.4/1.4] ’ (49)
Low-Pressure Oxidizer Pump
dopy = (B27/8y;) (DWpgy - DWgpy) (5a)
- , 2 : : |
Pop1 = Pos * B28 (Spp)" Tp  (9gpy) )
oP1 | . ,
Dog = B31[[Poy - Pog - B32(DNy.)] de RN ED
Pos * BSS/ (Oog - Dy *‘Woﬂ? dt e e (5¢)
] ; , o - i
Topy =B34 (Sgy) T (Bgpy) ‘ B e B4
oP1 . :
(1
RSS-8549-2
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TABLE 1., (Continued)

DWOTPR = B106 PODE

n - : -
Wos1 Bll%/tponl Pos1]dt

Low-Pressure Oxidizer Turbopump Speed

= BSS/( om - Topg) dts

Low-Pressure Oxidizer Pump Turbine

= B36 (D} 2
Tory = B36(DWyp ) Ty

0TI oT1

- | 2
D¥ors = [Popz = Popy) 7 (B37 + Rypy)]

Ryr1 = Tr_ ($g74)
OT1 = "Rypy  OT1

= B38 (Sy,/DWyy,)

¢OT1

High-Pressure Oxidizer Pump

P

0s1 Bll?/tu os1 = Doy = DWgpy = Dops - DgrppJdt

bopy = (B39/Sp;) (D¥ygy + Digpy + DWgpy + Digrpp):
P, = Pocy + B0 [(8,,02 T (opy)
Popz = Posi 02) Tp opz]
| op2
Toos = B41 (s ) Tp  (9gpy)
op2 02 't . Pop2)
| RSS-8549-2
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TABLE 1. . (Continued)

i)
~ High-Pressure Oxidizer Turbopump Speed
| S0z © 342,[ (Torz = Topz = Topz) 4% ®)
High-Pressure Oxidizer Pump Preburner Boost Stage
Sopz = B43 (DWp./Sy,) (10a)
e 2
Tops = B44 (Spp) Ty (Ggp3) | (10)
OP3
= 2 ' . ;
Popz = B45 ()~ Tp  (gpz) + Pgpy (10¢)
| e oP3
= B46fp - P .. - B1O4(DW .. .)°]dt (10)
3 oD3 ~ “POS op3’ ¢t _
f,‘} High-Pressure Oxidizer Turbine
. EOTZS | N
Torz = B29 (Pgp) To [(pn/ Pop) OTZ] B S
| Tor2 , R
Nopy = B47 [Soz] S (10e)
! | DW_.. = B48 (P..) I'.. |p../p Y2 /T | an
x Motz op’ “PR|‘'F1’*oP oP | |
; ‘Preburner Oxidizer Supply Pressure
Ppoos = B49 /(DWOPS - DWpp = Do) dt L 4y
‘Fuei Preburner Fdel,Flow
L S r;k,,l)wF BSO/{P(Q) - Ppp [BSl/p(Q)] (DWFPF) } e | | " (;3) :

 RSS-8549-2
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TABLE 1., (Continued) -
A Fuel Preburner Oxidizer Flow ﬂh) é
DWppg = BSZj[PPOS - Ppp - BS3 (DWepo/ [A/R]L, )" - BS4(DWppo) ]dn (14)
j Fuel Preburner Combustor :
Pep = 856 [ (Dhppr + Do - BILL Dipp) dt R (15)
L) Frp = DWppg / (DWppg * DWppp) (15a) :
| i
i _ g %
Tgp = Tp(Fgp) + B112 (frol | (15b) i
Oxidizer Preburner Fuel Flow ;
| | )
. DH o = BS?/{P(g) - Pop - 1858/ p(9)] (DWOPF) } 3 - (16) ]
~ Oxidizer Preburner Oxidizer Flow .
‘ ! ) _ ‘ o . '- 2 )
. DWgpg® B59f [Ppos - Pop - B60 (DWOPO) - B61 (DWypo/ [A/R] i) ]dt (17) \
3 '[A/A]QPV Topv ([x/xlopv) T : | e (17a)
_; - Oxidizer Preburner Combustor
Pop = Bssf(pwopp,+ Dhgpoy = B107 D)) dt e
 Fgp = OPO / (Dwopo ‘WOFF),',-' . ~(18a)
. TOP= rT(FOP) * 81;3 [T(Q)]' o : : T o(8p) o
. RSS-8549-2 -
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() TABLE 1. (Continued)

Main Chamber Fuel Injector

Py = Ba4/’(nwFT1 + DWyr, + DWpr) - B108 D)) at

Wep = B6S (Pep) Tpp [Pe/Pp] /VTEr

Tpp = B66 (Tpp) + B67 (Tpyp) + B68 [T(5)]

Main Chamber Oxidizer Injector

| - 2 2
DWyoy = Bag[[?ooz- P - B70 (W / [A/RL, )" - B71(DWy) ]dt

[A/Rlygy = Tyoy (I¥/Xlygy)

Thrust Chamber

| )  Poppg = B4 P_
‘ Pe = B72f (5109 DWFI + Doy = D) dt ]
; Frc = (DwMov DWop3) / (DWyoy o DWgp)
é DHcy = B73 (pC)C*)
| C* = 35000 + 210500 FTC - 173500k(pTC) o
| MR =,(D”oTéR * Pyov *'DWobs)/D“FDZ

Te ;‘r (FTC)
i |

RSS-8549-2
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(19)
(20)

(20a)

(2D

(21a)

(22a)

(22)

- (23)
(23a)
(23b) -
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TABLE 1. (Continued)

Main Chamber Regenerative Cooling Element

P(5)

B7{[{qu1(5) + DQ,(5) + H(3) DN, - H(5) DWFTl]dt

H(5) = B101 [T(5)]

D, . = B7§I{PMFVD - P(5) - [B76/0(5)] (DWMC)Z}dt

0(5) B7zf[wac - DWFTl]dt

T(5) = B78 [P(5)/p(5)]

DQy1 () = B79 [1.0 + 0.002 T(5)] [T, (5) - T(s) (0w

DQ,(5) = B8O [1.0 +ko.ooz 18] [T, (5) = T(5)] (DwMC)O'8

DQy(5) = B8L [TC - T, (5)] (DwCN)O‘8

Ty 5) . BSZf[DQTC(S) - DQ, ()] dt

T, (5) ‘BS."?/ [-DQ,,(5)] dt

Fixed Nozzle Regenerative Codling Element

P(4)

el 2.,
DWeN kasﬁltPMFvo _ P(4) - B86 (DWp)"Jdt

p(4) ’fasz[[nwFN - DW(4)]dt

1(4) = 888 [P(®)/p(@)]

RSS-8549-2
14 o

B84/[,, (4) + bqwé(i)'; H(4) DW(4) + H(3) DNy Jdt

(24a)

(25)

- (26)

(27a)

" (27b)

(27¢)
(28)

(29)

(30)

- (31)

(32)

(33)




TABLE 1. (Concluded)

00
DQ,,(4) = B89 [T, (4) - T(4j]{1.o + 0.002 T(4)](DWFN)

DQ,, (4) = B90 [T, (4) - T(4)] [1.0 + 0.002 T(4)] (DWFN)O'S

H(4) = B102 (T(4)] ,
8

DQyc(4) = 91 [Tg - Ty @) (DWCN)O‘

T (4) = Bng[DQTCm), DQ,,, (4)] dt ’

T,,@) = 893[[-Dq,, (4)] dt

Fixed Nozzle Inlet, Discharge and Bypass

 p(9) =[DWgygp * DW(4)] /[DW(4)/p(4) + B10S DH

 DW(4) = 394_[{?(4) - P(9) -[895/0(4)][DW(4)]2}dt

P(9) = Bsef[nwcg) * Dhgypp = DWopp = Digppjdt

- DW,

- DW M ™ DwFNBP) dt

= BQZ{(BIlO DWFD EN

PMEVD 2

OWegp = 398 [Pypyp = PO - (899) (OWeygp/ 1A/ Mgy Jar

(/A1 ey = Toey (XX gey)

T(9) = B100 [P(9)/p(9)]

eNep)

RSS-8549-2
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(33a)

(33b)

(33c)

(36)
- (37)
(38

(39)

(39a)

. (40)
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Bll
81.2
Bl3
Bl4
B15
B16
B17
B18
Bl19

B20

B21
B22

=

321}

B25.
. 3265‘
| 1527‘“
B28
B29

- B30

TABLE 2.

fﬁmg@ﬁf»

COEFFICIENTS FOR NONLINEAR MODEL EQUATIONS

(Bgpy) (5py)/Dippp
(Pepy = (Bg)/ (gm)a
Ter/ Cm‘)‘a’

l.O/GF'i

e \GG;/ .

T / { [y 1] [P(S)] ,

[&w>- er) Mﬂﬂmhuarf

) (¢m) (SFZ)/'“ i

‘ (5p)°

 2500.0

.[i;FDé ‘?mvn]v»_(mm)z/ (Bigpp)”

l.O/G

' R J_F;/ ‘ FP PR ( P)l/a]'}

;“FTz/SFz - N

=)o) o

| ,( Pl) (85,)/ (B, MoV m‘op3)~ ;

(%m-P Vwmf

i)
UT2/\ Tore, oP
Wor - 1.0 |
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¢

)

U

B3l
B32

B33
B3k

B35
B36

B37
B38

B39
B4O
Bll
Bh2

BU43

Bl .

B4S

B46

‘BT

BL9
Bso]

BS1

TABLE 2.  (Continued)
1 ‘0/ [l/ Ag] 0S
(POT - Pos)/mos

150.0 12

Top/ (591 ),2

1.0/Go;
7 [ Pr )
"om/{( Mom) 1y Yom ]

s s oaqm RLE
Fore = Fopn )/ (Fogy )™ - I
) (B

(o) (Mom /55

(30‘P2)”’(§oz)/ (Biyoy + Mgy + Mgp3)
(Fope = Fopy W/ (Soe)”

Tore! (kgo:e)2

1.0/602 |

(Bop3) (Sop)/ Do

Tory/ Go)”

(Fons - Fope)/ (§02)2
100.0 in?/sgc?‘,

o2/ S0z ° e
- = /= RN V-
BN Topf [POP'[I’R [(?F;/‘POP) ] }
38120,0 1n=2
66.675 ina/séc2 o
[F(9) - Begl[B (9)] f(Bopp)®
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B52

B53
B5k4
B55

BS6

B3T

B58
B59
sgo
B61
B62

B63

B6L

B65
B66

B6T .

B68 |

B69

B70
BT

V'B72

B73

TABLE 2. (Continued)
50.0 ina/sec2
= 2 a
)2

(Pepor - Ppp)/(Dipp,

1.0/Wgpor
1378 0 in-2
loolina/sec2

[5(9) - ?Q?_] [A(9)) /(T )
10.0 1n2/se§2

5 5 (T )2
(Popor = Popd/ (Bgpg)”

= = — N2, ;= 2
(Ppos - Popor) ((4/A1 o) /(T gpo)
.o/wOPOI
35000.0 in~2
3949.0,,1;1.'2
et VEey/ [Per (Be/Bpp)]
0.5055
0.2563
d.a#oofmj .

50.0 in /sec

S one * For) (rA/A]MOV)a/(T'MOV >

(Byp = B/ (i)

6838.0 in ‘?.,

() TP
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BN

B74

. BT

B76
BT7

B78

B79

B81
B82
B83

B85

B87

B9
B9O.
8915

B2

B93

. Boh
395

BY%
B97

898

Raot/ [ - FyW] By

0.1668 or/Btu

81600 in -

TABLE 2. (Continued)

3.812 1bv/(Btu 1n2)

483.75 1n2/sec2'

B~ #5)] [F(6))/ [F)?

0.001 in™3

[3(5)]15 (5)]/8(5)

5, (5)/ { 1+0.002 T(5>][Tw1(5) - (5)] (TH,
2.0(B79)

DQTC('J')/{[T - %1(5)] [y | OOB}

0.31 °R/Btu

o.d825 °R/Btu

2.54% 1b/(Btu in°)
218 0 in /sec

[Bip- B /()2

0.0005 in~3
[500)] [FCe)]/808)

6.3]

D, (4) {[Tm(h) - ()] [1 0+0.002 'r(u)] (m )o 8}

2.0 (B89)
0. 8,

_0.083% R/Btu

21.19 in /sec

[#s) - B[P 1))/ (nw(u)]2 |
-2 :

. 32000 1n

. 20.0 :I.n2 sec2 ’
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B99
B100

BlOl

‘B102

B103

B10O4

B105

B106

B107

B108

B109

B110
Bl1l

Bl12

Bl113

Bll4

'B115

B116

[}

TABLE 2, (Continued)

(- #5Y] {73 e
[xofo(o)]/e)

E (5)/F (5)

'ﬁé(n)/‘m’ (k)
H <3>/ -[*m (5]
( o3 ~ Feos) / ( I"'01’3)

[[ m,ww(u)]/p(s») (57 /p(t»)l/‘mp
/—0D2

(W5 + POI )/ 0T2
(DWFTl T2)/

)/
(WFN + Diye + DWFNBP)/ D¥eme
(nw + DW. 0i~)/Der2

[TFP - Ty (Fip)] / T (9)

[Ty - r'r (Fgp)] / T (9)

cxns/_ c T
1/L... = 76.9231 in.?/sec?
‘ 2

0s1
1/Cp * 1000 in.
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R

GMIMFV) =

lev00L+0L

AZALCCV )=
DGIWza) = 00 :
DWIFI) = 24627432
CWICCV) = £.019E4C1
DWIFT2) = leblaE40¢
OW(OTL) = 1. 74CE+GR
DWICTPR )= 1,3CCE43C
FT1S . =_ 5.69LE-V1
Cl02) = 10928400
PIS) | = 5.1458403
PIFP) .= 5.94CE+G3
P(OT) . = 1.1ECE4G2
O PAGDZ) = E.484F403
CRIFP)Y = 446330403
SI02) =  3.2602E+03
TIF1) = 1.53%t+402
LTWZ4) = b TY3E422
ETACFT1)=  1.660E+02
RHO(9) =  1.71%E-32
UPLUPL) = 2.015E404
PMI(FPL)=  1.COO0E+2C
PHIICTL)= " 4.400E-01
GMIPFP2)=  1.00GE+0U
GMUICTEY=  T.05CE-LL
GMIPUP3 )= 1oGGOE*I0

1.0CCE+50

PAPTIAL CERIVATIVES -

GM(TFT2)7E7

GHAPFRL)ZPHICEPL)
CEMUTFI1)/P L

FI)/70(5) "
AFY2)

GMITUTL )W/ FPHIIUTL)
CMIPCPZ )/PHIIOPZ)

CoMUIGIZ2 /6

GM(T)/F LLPI
GMIP)/ZP LRI

ALUTY )

IPLEP)

GM(MEVY/X/XUHFY )
GM{MOVY/X/YANOV)

_DWLOST) =

s

1.1256403 P(0LS1) & 4ewall+02

TABLE 2.

REQUIRED BALANCE DATA

THE NUMOTR CFTHE INPUT vaRlaube 1Ss 2
STEADY=STATE VALULS LR I NGINT

PR-AMLILRS

AZZLEREVYE 3e30tE-UL
DEATCA) = T 2230404
DEAw2s) = Do !

LWEN) = 4.18vyL<ul
LWERE) = 1.632E+4GE
LA (MOVY) = 5430402
LHAINT2Y = besdYE+J1
ECFFUY = 1.CC0R+0.
FT2SY = 9.HhYE=-0)
HEZ) = heqlli #Lg
Pt9) = L 6BLEYUS
PLES) = 2,000t +0)
PLFLL) = Zebelleu2
PIBUS) = BeabhTE+0Z
RUELE) = 5.0G84F+03
Ti4) = beT93E+CE
TUFPR) T leWYLL43
TWA(Y) = Bo&bLE+2
ETACFTI)=  4.15(C+02
UPIFPL) = 1.1t21+404
UPLLPE) = 5.2300e0e
PUHI(FPZ)=  let CE+TL
GMULZI) =  LleT(LE+C
OHATFF )= 1o ulLL+0U
GMIRCTLY=  leblzf=-li
GM(TCTZ)=  2.5020-02

GMICCY) =

HENH

[N | N N L L L

1.0CC-+00

(Continued)

FOR A TYPICAL EPL (109% POWER) ENGINE

AZALNMEY)
eeLIcs)
Liw{e)
DwiMC)
DWIFPF)
UR(CPF)
UW(FNHBP)
LeGpa)
G(F1)
H%)
FLC)
PlUT)
PFL2)
PL{FPUL)
StF1)
TLY)
Y(OP)
wiol)
ETA(CT2)
urtres)
ue e s)
PHI(UPY)

CM(PFPL)=

CMITFT2)=
GMIPLPL)=
CMIFPY) =

Sl 0THE 400 CMCTFPT)ZPHICEPL)
GHUPFP ) ZPHICFPL)

c=latGOE~-GL

~5eL0CE-T1
=1 200E+T0
=leGULE+G0
=L L=
Go it eiz
Cod
ceClL 401
2+00VESTY

CACTETZY/PUFI) /P (FP)

CMITUP T ZPHIICPL)
LMUICP ) ZPHLILEZ)

GMOTLTZMZP LRI 7P LTP)

CMUPEL/P(E L)/7PLLP)
CNOHRIZPECI7P LT
CHEFPVIZXZ XIFPY)
M(CLVI/ZX/XICCV)

LI L I 1} !l.ll L1200 (R T J T FA {A {  IO T LJ  [ A}

leCOCESTO .
“Ge 93540
GelEGE4]]
Ze524E401 -
8e315te+ul
3.892E+01
Ba019L40 1

" 1leULTL+CO

lele 240G
CeltTESCE
3e230E4UD
42930 403
T.U6LEY0S
TellOE+03

Cleb3GE4L3

Setholt+(2
leSa4iE+03
4o4CCESG]
3eTT5E+40
lec9ai+lb
".(.."75[.‘ Gb
leULUL*LY
1 oOCCL’:".—}
1e936E~-02C
1.000!.'.&',\)
1e534E-11

AZALYUVE=  1.50L0E+CO
LG(NIa) = T.223E+404
Lz = Zelianut+Ul
LW(OI) = bBha3kelc
LWIFPL) = Te930tec]
CWILFC) = lebl2bell
DWIFPCI)= T.920k+u1
FEAOTLS) = 9eudbor~Cl
Lz = 3el7¢E+(GO
H(4) = leH43E«0Z
PILIES) = 54cZ2ZE+403
P(CP) = 5.909C+03
PLOCL) = 4euq]lE4C2
PINFVD) =  0e939E+03
SUFZ2) . = 3e922E+4053
Tty) = 3,038+ 02
IWIt4) = lecolL4U
WIFPLL) =  Let4CE+LO
RHU(4) = lewTSE=(2
UPLFT1) = 1el550L4C4
UP(CTL) = 2.010L404
bRI(UPZ)= 1.000E+QC
CMETFFL)=  1.0GCCE+C(
CM(PLCP1I)=  L.LCCE+CO

CMEICPe) =
CMIOPVY) =

lev'VUE+CO
wed&4GE~G]

L/ALLPV)=
Leiwls)
LWEIN)
LWIGS)
LWiFT1)
LWilis)
twierol)
F(I1C)
Cicl)
Fla)
¢(F1)
F{CS)
PLLLH
FLLPCL)
Stil)
TtC)
Twl(e)
WACPLI)
KHGLE)
U (ET2)

LI T L ([ (LU (A | O UL L O | B I L B L}

3.0LlE~C]
Q.9 5L¢LS
lelcCrell
9.615E¢u2
35260401

l. 054402

2e€lit+ul
Jeb9ct-(1
ettt +G0
CelYut+03
SebbZt4L3
1.C00t+02
CedT0L4L2
69Tt eU3
S TUGE+L2
bec21b 403
133CL+03
1.50CF+0U
l.4LCE-03
le2Y%0L 40D

LA T I T L T OO 1 N L I T 1]

1.000E-0]
=5.C0Ct={1
=56t UE=LYH
c.C
3.G0CE-C1
-l.Cubi=01
uel

0.0
welClE+I]
5. G00E+0O

CHRITETII/ZLTALFTY)
GMUTHEZY/ZPHILFPZ)
GRIPUH1)/P1(0PL)
CMARUT1)/ZPHILTTL)
GM(TICFZ)Z7irI(UP2)
GEAPLY 2 ) ZPHLIIGPZ)
CHulvI/Zi(LP)
CMUTRIZELTC)
UMLLPN ) ZXZ7X10PV)

CHIGT2) =  S5.64udE4ie
PEI(LP3)=  1.0CCE+CC
GMITrTLY=  1.530E-C2
GMITLPL)=  1.00Ct+(C
CMITCP3)= 1.C00E+CO
GMIMOV) =  1.CO0E+CO
~6.L00GL=0S

".EL)O‘-QX
=levillEeiLd
leocStel0
Z.0GCCE-C]
=5 uui=G1
4ol(GF+03
TCCIE+SS
2+ GOCL+GO

Woe ooy
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TABLE 2.

(Concluded)

COCFFICIENTS FOR NONLINEAR EQUATIONS BASED ON REF. ! EPL POWER BALANCE

VECTOR CF CGHFFICIENTS
1.02256401 1.3553E~C1

2.5G00E+G3 5.0265E~05

CERRESPUMLING 10 THE ALOVE STEALY=STATE WALUES,H1l THRUUGH Z1l¢.

G4ed9Tub =03 §46059E~C1 CeZ648E+00

3e1460E=01 54¢132E400 1.(5b1E-01

"I COPGE+G0 L. BTZ1E-GZ

%v4092265“03A901575Ef0l4

1e7612E=04 5.000CE+(1

1-S000F+402 e lE24E=02 3.7566E-01

2409600 +C1 3.80158~04 3.1145E-04

2¢1660E=-02 2.0196L-01 3.7879E-01

T 249375601 6.6667E=01
. 1e12TOE+00 64838CE +03

3.6694E-02 3.1C00E-C1

3.5000E+404

| 2.9642E404

C.25CLE={2

B.2949E~02 146680E-01
33E48E+0G. 3. 1900E 400

" 14GGOOE+00 9.9991E-01

P ———

CeTCLIE-LT

Qe 9346 L~C1

be 3400E-02

BeYuGUESOS

Ze8i20E+T2

254400 +C0

Zo119CEs0L

2e4l94t-03

Ge 12G3E-01

3.5393E-02
4. BITSEHC2
2.160CE402
1. 21U4E-04
5.3353E+402

7.€923E401

168531402 SeFEUSE4IE 2o4btZE4C]

3e9T04E+10 549485E-C1

2016455 +0U~0e 462 E~03

1.080uCL+02

1e37EJE+03

5eG550E—UL

2.0276E~03
B.26326-02
8o 16G0E+U4
2e5145E~04

1.COGOE+33

1.1573e-01
1.00¢0E+u2

Zeb6i0E~0L

3¢ Z00CE +U4

1.C205E+00

leGh5EE-CS
le341uE=-01

9.1222E-02

8.156SE-Ca

244 5C0E-01
loaB42E~C4

1."7‘?55“0‘?

2.0000L+01

9.9383£-01

4e4311EL~C4%
1.3371L+10
2e8TTCE+C0
348120L40
1.UCLOE+0]
5.0u00L+01
l.74ClE+00
2e657T2E+CO
4.49642E-02

1.ClU4EGO

EoblHal-03
4.30002031
4o us 14F=04
6.L6T5E+31
1.5334£400
1.2017E-03
3.4802E40 4

.ZSLOQ*éO
1.8348E-05

9.82026-01
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 Figure 4. Low-Pressure Fuel Turbine Torque Characteristics
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CURVE FOR VALVE WITI[ NOMINAL
BY-PASS LEAKAGE (REF.)

0 0.2 0.4

%/ gy

A resistance of 1.71875 x 10~

Secz/In5 was used in series with RF_

values listed below to obtain PFPV‘

1000 RF
/ v d
0.0000
0,2441
0.5721
1,0373
1.7632
2,9811
k, 8906
7.8665

12.0122
18,1201
27.6590
41,8487
- 67.0422
117.7405
228, 3827
522,1774

1094.5552

3648, 5732

5043.4377

Figure_17. Fuel Preburner Oxidizer Valve Effective Area vs

r

0.6428

0.4806°

0.3770
.2980

.0969
.0786
. 0640
.0506
.0382
.0274
.0131
0.0126

SCOCOCOOQOOOOCOC

0.0068

0.0058

Position Characteristic
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FPV
. 1,0000
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1.
0.
00
0.
. 8750
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.8125
.7813
.7500.
.7188 .
. 6875
. 6563
.6250
.5938 -
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.5313
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L4688
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Curve for Minimum , Curve for Maximum

By-Pass Leakage } By-Pass Leakage
1000 RF, Tepy 1000 RF,_ Cepy [o/a]FPv
0.000C  1.0000 0.0000 1.0000 1.0000
0,244k 0. 6426 0.2438  0.,6430 0.96853
0.5732 0. 4803 0.5711 0.14810 0.9375
1.0399 0.3766 1.0346 0.3774 0.9063
1.7693 0.2976 - 1.7572 - 0.2985 0.8750
2,9950 0.2330 2.9673 0.2340 0. 8438
4, 9209 0.1837 &4, 8605 0.1848 0.8125
7.9307 - 0.1456 7.8031 0,1468  0.7813
12:1381 0.1182 11,8883 0.119% 0.7500
18. 73687 0.0963 17.8883 0.0976 0.7188
28,1349 0.0779 27,1951 0.0792 0. 6875
42,7715 0.0633 40.9555 0.06%6 0, 6563
68.9958  0.0498 65.1704 0.0513 0.6250
122,5059 - 0.037% 113.2478 . 0,039 0.5938.
241,9623 0.0266 215,9150 0.0282 0,5625
572.3822 0.0173 452,9515 0.0195 0.5315
1438,8170 0.0109 B874.3861 0.0140 0.5000
5531.1564 0.0056  2598,6158 0.0081 0, 4688
8535.5497 0.0045  3380.3136 0.0071 0, 4503

Figure 17, (Concluded)
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CURVE FOR VALVE WITH NOMINAL
B{-PASS LEAXAGE (RLF,)

Topv
0.5¢
0 T } ha e +
0 0.2 0.4 0.6 0.8
[x/i]opv
1000 RF_ Topv [o/3] 0PV
| 10.26 ~1,00000 1.0000
| 13,11 - Q.8849%4 0.9688
| 16.33 0.79268 0.9375
! 20,17 ' 0.71339 0.9063
24,76 0,64382 0.8750
30.33 0.58171 0.8438
37.18 . 0.52544 0.8125
45,72 0.47380 0.7813
56.59 0. 42587 0.7500
70.74 0.38092 0.7188
89. 65 0.33835 0.6875
115.85 0.29764 0.6563
153.80 . 0.25833 0.6250
212,19 0.21993 0.5938
310,08 - 0,18193 0.5625
496.75. 0.14374 0.5313
937.19 0.10465 0,5000
2460, 56 , 0.06459 0,4688
10,4503

- 2618,31 0.06261 .

Figure 18. Oxidizer Preburner Oxidizer Valve Effective Area vs

Position Characteristic
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Curve forhMinimum
By-Pass Leakage

1000 RF
v

11,14
13.93
17.52
21.81
26.99
33.32
41.17
51,06
63.79
80.57
103.37
135.55
183, 32
259.27
392.61

666,01

1401, 46
4718.96
5004, 70

Fopv

1,00000
0.89431
0.79735
0.71459
0. 64235
0.57813
0.52012
0.46702
0,41784
0.37180
0.32825
0,28664
0.24648
0.20726
0.16842
0.12931
0.08915
0.04858
0.04717

Figure 18, (Concluded) -

Curve for Maximum
By-Pass Leakage

1000 RF,
v

9,48
12.33
15.24
18.68
22,77
27.69
33.70
41,13
50. 50
62,54
78.43

100.08
130,78
- 176,76
. 251,00
i 384,79
671.61
1501.70
- 1598.92

. RSS-8549-2
a1

Topv [9/9]0Pv
1.00000 . 1.0000
0.87666 0.9688
0.78853 ‘ 0.9375
0.71233 - 0.9063
0.64516 0.8750
0.58497 0.8438

. 0.53028 0.8125
- 0.47998 0.7813
0.43320 0.7500
0.38926 0.7188
0.34760 0.6875
0.30772 0.6563
0.26919 0.6250
0.23154 0.5938
0.19431 0.5625
0.15693 0.5313
0.11879 0.5000
0.07944 0.4688

0.07699 0.4503



1 :
1.0¢ .A._-E._,",-_.-, : e o oo
; i v -
L X CURVE FOR VALVE WIT!. KOMINAL
MoV , BY-PASS LFAKAGE (REF.)
065’"“
o 0.2 0.4 . 0.6 0.8 1.0
[ /]LMV“’ i
A resistance of 3,414 x 10 -6 Sec /In5 was used in series with RF i
Values llsted below to obtain FMOV
1000 RF_ Tvov [G/G]Mov
0.0000 1.0000 1.0000
0.0062  0.5960 0.9706 : (
0.0148 L 0.4335 0.9412 o , e
0.0244 0.3502 ¢ 0.9118
10.0377 0.2883 0.8824
0.0566 0.2386 0.8529 g
0.0829 0.1989 0.8235
0.1242 - 0.1636 : 0.7941
0.1790 . 0.1368 0.7647
0.2608 0.1137 0.7353
: 0.3586 0.0971 0.7059
O , 0.5016 0,0822 0.6765 ;
| _ : - 0,6824 ©0,0706- . 0.6471 '
; g : 0.9387 0,0602 . 0.6176 2
1,2987 0.0512 0.5882 - o : E
: ; 1.8086 0.0434 0.5588 : 2
- © 2.6280 0.0360 0.5294 L E
. ‘ o 4,0420 0.0291 : 0.5000 : - ;
- 6,6206 o 0.,0227 0.4706.
11.6623  0,0171 = 0.4412
23.3579 i . 0.0121 ; 0.4118
56 8137 ? - 10,0078 0.3824
116, 8515 b1 . 0.0055 0.3529
1389.9630  0.0030 0.3235
Figure 19. Mam Oxidizer Valve Effective Area vs Position
' Characteristic ' : , : L £ a
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TSRS AT

Curve for Minimum
Dy-Pass leakage

1000 RF
v

0.0000
0.0062
0.0143
0.0245
0.0377
0.0567
0.0831
0.1245
0.1797
0.2620
0.3606
0.5048
0.6877
0.9476
1.3136
1.8338
2.6736
4,1318
6.8157
12,1364
24,7647
- 55.0170
134,.7548
573.9549

Tvov
1.0000
0.5959
0.4333
0.3500
0.2881
0.2384
0.1937
0.1634
0.1366
0.1134
0.0969
0.0820
0.0703
0.0599
0,0509
0,0431
0.0357

. 0,0287

0.0224%
0.0168
0.0117
0.0079
0.0051
0.0024%

Figure 19. (Concluded)

1000 RF
v

Curve for Maximum
By-Pass Leakaze

0,0000

0.0062

0.0147

0.0244
0.0376
0.0564
0.0827

0.1238

0.1784%

- 0.2597

11,2154

0.3567

0.4983
0.6771
0.9300
1.2841

.1.7839
.2,5836

3.9550
6.4337

22,0677
42,4986
94,4583
275.0235

RSS-8549-2
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Myov
.0000
5961
.4336
. 3504
.2885
.2388

QOO0 I

- 0,1991

0.1638
0.1370
0.1139
0.0974
0.0825
0.0708
0.0605
0.0515
0.0437
0.0363
0.0294

- 0.0230

0.0174%
0.0124
0.0089
0.0060

0.0035

[0 / bj MOV

1.0000
0.9706
0.9412
0.9118
0.8824
0.8529
0.8235
0.7941
0.7647
0.7353
0.7059
0.6765
0.6471
0.6176
0.5882
0.5588
0.5294
0.5000
0.4706
0.4412
0.4118
0.3824
0.3529
0.3235



Myry

1.0

O o - zs ity syt AT.T:

CURVE FOR VALVE WITH NOMINAL
BY-PASS LEAKAGE (REF,)

A resistance of 3.4135 x 10~
values listed below to obtain FMFV'

¥

0.2 0.4 © 0.6 o;s 1.0
'[x/x]MFV:V

Sec2/In5 was used in series with RF_

6

10000 BF, Ny [/ -
0. 0000 11,0000 1.0000
0.0062 0.5959 0.9706
0.0148 0.4333 0.9412
0,0245 0. 3500 0.9118
0,0377 - 0,2881 0.8824
0.0567 0.2382  0.8529
0.0831 0.1987 0.8235
0.1245 0.1634 0.7941
0.1797 0.1366 0.7647
0.2620 0.1134 .0.7353
0.3606 . 0.0969 0.7059 -
0.5048 . 0,0820 0.6765
0.6877 - 0.0703 0.6471
0.9476 0.0599 0.6176
1.3136 0.0509 0.5882
'1.8338 0.0431 0.5588
2.6736 0.0357 - 0.5294
4,1318 0.0287 0.5000
6.8157 . 0,0224 0. 4706
12,1364 -~ 0.,0168 0.4412
24,7647 0,0117 - 0.4118
62.4854 ©0,0074 - 0,3824
148, 2311 0,0048 0. 3529

595.4925 0.0024 0.3235

Figure 20. Main Fuel Valve Effective Area vs Position

Characteristics
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Curve for Minimum
By-Pass Leakage

1000 RF_
TV

0.0000

0.0062

0.0148

0.0245

0.0378

0.0568

0.0833

0.1249

0.1803

0.2632

0.3625

0.5082

0.6931

e : 0.9566
S 1.3287

" 1.8595
2.7204
4,2247
12.6401
26,3025
69.0507
198.7157
1019.5109

Tvrv

1.0600
0.5957
0.4332
0.3499
0.2879
0.2382
0.1985
0.1631
0.1363
0.1132
0.0966
0.0817

" 0.0700

0.0596
0.0506
0.0428
0.0354
0,0284
0.0220

0.0164%

0.0114%
0.0070
0.CO041

0.0018

- Figure 20. (Concluded)

Curve for Maximum
By-Pass Leakage

1000 RFV

0.000¢
0.u062
0.0148
0.0244

0.0566
0.0829
0.1242
0.1790
10,2608
0.3586
. 0.5016
0.6824
0.9387
1.2987
0.8086
2.6280
%,0420
6.6206
11.6623
23.3579
52.5852
116.8515
389.9630

RSS-8549-2
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thV

1.0000
0.5960
0.4335
0.3502
0.2883
0.2386
0.1989
0.1636
0.1368
0.1137
0.0971
0.0822
0.0706
0.0602

.0.0512

0.0434
0.0360
0.0291
0.0227
0.0171
0,0121

- 0,0081

0.0055
0.0030

[6/5]

U v

1.000¢
0.9706
0.9412
0.9118
0.8824
0.8529
0.8235
0.7941
0.7647
0.7353
0.7059
0.6765
0.6471
0.6176
0.5882
0.5588
0.5294
0.5000
0.4706
0.4412
0.4118
0.3824
0.3529
0.3235



1.0

Feev B CURVE FOR VALVE WIT.[ NOMINAL
BY-PASS LEAKAGE (REF,)
OIS—T—.
0 e S— - Y- ) 3
0 0.2 0.4 0.6 0.8 1.0 ;
[xﬁ(]CCV e | :
A resistance of 2.205 x 1077 Sec2/1n5 was used in series with RF
values listed below to obtain I‘C . v :
: cv
1000 RF_ Cocy [o /e]ccv
0.0000 1.0000 1,0000 : o
0.0173 0.7489 0.9563 -
0.0434 0.5806 0.9125
0.0860 . 0.4518 0.8688
0.1524 0.3555 0.8250
0.2422 0.2888 0.7813
0.3820 0.2336 0.7375
0.5891 0.1899 "0.6938
0.8961 0.1550 0.6500
1.3206 0.1281 0.6063
1.9055 0.1070 0.5625
2,7345 0.089% 0.5188
3.9210  0.0748 0.4750
5, 6980 0.0621 0.4313
11.3647 0.0440 0.3438 -
16.8862 _ 0.0361 0.3000
26.6630 ' 0.0287 0.256}
44, 4762 0.0223 0.2125
80.9009 0.0165 ‘ 0.1688
167.2343 0.0115 0.1250
510,139 ~  0.0073 0.0813
A.1}86.7226 ' 0.0043 ‘ 0.0375
-1557. 6401 0.0038 ' 9.0052
Figure 21. Coolant Control Valve Effective Area vs Position
Characteristics o
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Curve for Minimum Curve for Maximum
By-Pass Leakage By-Pass Leakage
1000 RE, Gy 1000 BF, Fecy l6/8)cev |
0.0000 1.0000 0.0000 1.0000 1.0000
0.0173 0.7487 0.0172 0.7491 0.9563
0.0435 ~  0,5801 0.0433 0.5810 0.9125
0.0863 - 0.4512 0.0857 0.4524 0.8688
0.1532 0.3547 0.1517 . 0.3562 0.8250
0.2437 0.2880 0.2408 '0,2896. 0.7813
0.3850 0.2327 0.3790 0.2345 0.7375
0.5951 0.1890  0.5833 0.1909 0.6938
o 0.9076 0.1540 0.8848 0.1559 0.6500
i 1.3419 0.1271 1,2998 0.1292 0.6063,
Pl e 1.9436 0.1059 1.8685 0.1080 0.5625
o 2,8022 0.088% 2,6692 0.0905 0.5188
4, 0412 0.0737 3.8061 0.0759 0.4750
5.9161 -0.0609 5.4918 10,0632 0.4313
8.3911 ~  0.0512 7.6615 0.0536 0.3875
12.0265 0.0428 . 10.7559 0.0452 0.3438
18,1362 0.0348 15,7612 0.0374 0.3000
29,2634 0.0274 24,3944 0.0301 0.2563
50, 4002 0.0209 . 39.5384 - 0,0236 0.2125
96.5107 ° 0.0151 68.7933 - 0,0179 .0.1688
218.7066 0.0100  132,0051 0.0129 0.1250
646.9507 - 0,0058  283.0306 0.0088 0.0813
2904, 8830 0.0028  640.8195 0.0059 0.0375

4818.1147 - 0,0021 760.2137 ' . 0.0054 0.0052

Figure 21, (ConClﬁded)'
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Y

10000 p-=-=
F Ip
0 10,0
8000 - .355 1000.0 {
.51 1800.0 1
.7 3600.0
L84S © 6100, 0
.88 6400, 0
.90 6400,0
6000 . 943 5510.0
' 1.0 500.0
4000
2000 §
0 4 ey sy
0 0.8 1.0

: Figure 22. Combustion Temperature Function_vs-Oxidizer Fraction (F)

e*%
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LINEAR MODEL

Linerization of the basic equations was accomplished by considering the effect of
small variations in each independent variable in each equation. Where functional
variations were required, the slope of the functional characteristic was used.

Integral equations were rewritten in their differential form and the differential

operator "S'" was used.

The linearized equations were then reduced by eliminating variables which were not
required for display in the final solutions and which could be eliminated in a
straightforward manner. All dependant variables which were defined in the non-
linear model by an equation numbered with an alphabetical suffix were eliminated.
(If necessary the frequency response of any of these variables can be constructed
using solutions from the variables which were retained.) It should be noted that
each variable variation has retained its units, e.g., its variation is directly

in psi, 1b/sec, etc.

The complete linearized set of equations is presented in a matrix format in
Fig. 23. The coefficients in the matrix are generally dependent on operating
level and are presented in Table 3.

In order to determine the frequency response of the system, a general-purpose
digital computer program was modified specifically for use on the SSME linear
model. The coefficient values are calculated from parameter values and function
slopes which are input to the program. Input data also define those variables

requiring derivative columns, specifies the size of the matrix, defines the fre-

‘quency span of interest, and specifies which frequency responses are to be gener-

ated. Listings of the main and subprograms are contained in Appendixes A and B.

The pertinent output from the frequency response program is contained in a later
section of this feportkfor the 109-percent power level (EPL). For power levels

other than EPL, other engine balance data must be used. Sufficient information

to generate the_cpefficients is found in Appendix C, although it is currently

not in a convenient form.
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A - MATRIX OF OUTPUT VARIABLES

s

s an]alzlnlalslxslalBl8]%]31]
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R - MATRIX OF (M INPUT VARIABLES
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26

Input-Output Variables

Matrix

Figure 23.
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TABLE 3. LINEAR ENGINE MODEL MATRIX COEFFICIENTS

ACL,1) =1
B(1,2) = Ppg - Pppy;
'(ar //a¢ )
p EP1)¢
FP
CLL,2) = FPIP 1
ip

FP1

A(1,2) = B(1,2) |2 - c(1,2)]
Spp =

T

AL,3) = B(1,2) r%—f,l——zl]
[ P%ep2
(arer1//3¢Fpl)¢FP1
B(2,2) = r
Tep1
(3FTFT1 a”FTl)”FTl'
C(Z,Z) = T
TrT1
- B14
B(2,2)
A(2,3) = Bl4 [———-—’—]r ,
’ DW.p, | "FPL

B(2,19) = Bl4 Ty, ! iy
[3(2,19)]
 Prr
1

10 ‘[3(2,19) -k’B]’.4T‘FT1]

TrT1

lar /al:(p /P(S))FTISH FT1S
t FI p
{ P/ PT1S [ FI ] |

A2,19)

A(2,24)
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A(2,27) = Bl4

A(3,1) = -B21
B(3,3) =

A(3,3) =

A(334) =

A(3,38) = B2l

B(4,3) =

C(2

TABLE 3, (Continued)

»2)
(Tgry) [fﬁfﬁﬁ]

(BFPsz//a¢FP2 )¢sz

T'p

FpP2

§ -B21 (Ppps-Pppy) [

J
-B21 [.lﬂ%é_lﬂlg] [2 - B(3,3)]

F2

ar 9
( TFPZ/

5(3,3)] 2 (B21) (B22) Dy,
DWep, AR ey

¢sz) (¢FP2)

e

FP2

(Tgpy) B(4,3)

A(4,3) = B23

B(4,4) =

A(4,4) = S +

B(4,15) =

DWep2

orl an
TFTZ// F

T2

T
TeT2

S

(T
B23 [ FPZ)
“F

o, )/a
TET2

.(2_3(4.33) )]

” - (Tpp,) B(4,4)(B25

11

r

U

- FT2S |
EPFI/PFP)>V ] o Pe FT2S
’ (FT2S) <

TFTZ FP

RSS-8549-2
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TABLE 3. (Continued)

B23 (TFTZ)

Prp

A(4,15) =- (1 - B(4,15)]

] |
A(4,19) = -B23 [ ﬁTz] B(4,15)
FI

A(5,5) = 1
ar 3 ¢
( Popl/ OPI) oP1

y
Por1

B(5,6) =

(Pop1-Pog)

S

A(5,6) = -
: 01

{2 - B(5»6)]

(Pop ~Pog) B(5,6)

. DW, + D

A(5,42) = -
mov * DWop3

A(5,7) = -A(5,42)

(g o) o1

B(6,6) = .
- Tom1
' ( arropl/“’om) %op1
c(6,6) = .
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AG6,6) = S - g
o1

B35 -

A(6,7) = - W-—
oT1

TABLE 3. (Continued)

[(Tom) B(6,6) - (2)(Top;) *+ (Topy) C(e,é)]

A(6,10) = B35 (1gp,) C(e,éa/q?wMov + Dijgps * DWOTPé]

DW

0T1

A(7,5) =

2(Pgp2-

Pop1)

B(7.6) = (Por1) (BFROTL//3¢OT1) bor1

B(/,6)

501

A(7,6) =

2 (837 + ROTl)

A(7,7) =1 - ..B-.(_.]-L.é)

DW

OT1

A(7,8) = -A(7,5)

A(8,43) = -1

B(8,7) =

(/o)

Pop2

RSS-8549-2
54




TABLE 3. (Continued)

B(8,7) (99p2) (Pon2~Pop1)

A(8,7) = -
D¥yov * PWor * PMops * DWorpR
A(8,8) = 1 + A(8,10) (B106)
(Pop1-Pop2) |28 (8. 1) (80p, ]
ACS,9) = —op1 Ton2 ‘7OP2)
So2

A(8;10] = A(8,21) = A(8,7)

(3PTOP2,/b¢ong¢OPz)
T
T .

B(9,7) =
f 0P2
T
0P2
C(9,7) =
DWyov * DWory * DWopz + DW

OTPR

A(9,7) = +B(9,7) [C(9,7)] (B42)

( Mt ops / a"’ops) %op3

B(9,9) = :
Top3
| (3FTOT2//3“0T2) orz
c(s,9) = -
Tor2

A(9,9) = § - g%% {(TOTZ) cc9,9)-rop2,[253(9,7i]-Toﬁs [2-3(9,9ﬂ}
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TABLE 3. (Continued)
(Tao.) B(9,9) (B42)
A(9,10) = A(9,7) + opgw
oP3
P..\ EOT2S
. r -[%PT //a ((PFI/POP)EOTZS)](EOT2S (-355) ]
OT2 0T2 0T2 op
A(9,18) = - — L - A
oP T0T2
p__\ EOT2S
or (Fr1
B42 T {-——-(-——-) EOTZS}
A(9,19) = - —p— g'rz 2PR \ Py
o2 TFI
A(9,21) = A(9,7)
A(10,8) = -B46
(arpopsl/a¢ops) %op3
B(10,9) = £3 ~
: Por3
) (PAanz=PAnn)
A(10,9) = -346[}-5%§5—13¥i— [2-B(10,9)]
02
; : (Pw,-P . )B(10,9)
A(10,10) = S + B46 |2(B104) (DW,.,.) - —2D3 0D2
oP3 W
. oP3
A(10,12) = B46
A(IL,11) = 1
D¥ops '
B(11,16) = 7T [}aPT/BFOP)(FOP)(l'FOPﬂ
A(11,16) = - Eé%lLlél
. OPF
A(11,17) = Eé%l;lﬁl‘
oPo

B4Z
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TABLE 3. (Continued)

/2] 1/2
Al5/3 | (Pri/Pyp) P
B(11,18) = —iR [ FI' op 1 <FI>

173 P
ern-lfpn/ Pop) J op
DW

A(11,18) = P°T2 [B(11,18) -1]

oP

DH
A(11,19) = - =2 [B(11,18)]

FI
B113 (DW...)
A(11,40) = 212
2(Top)
A(12,10) = -B49
A(12,12) = S
'A(12,14) = B49
A(12,17) = B49
2
(B50) (BS1)Dhy 5
B(13,13) = =753
A(13,13) = S + B(13,13%//BWFPF
A(13,15) = B50
A(13,37) =-BS0
A(13,41) = -B(13,13) /p(9)
= -B52

A(14,12) =
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TABLE 3, (Continued)

2
- DW
B(14,14) = 2(BS3) [—i2
(A/R)ppy
, [B(14,14
AL9,14) = 5+ 852 [ éw 0. 2(3543(prpoi]
FPO
A(14,15) = BS2
DWgp, (0p/8Fpp) [Fpp(1-Fpp)]
B(15,13) = ZF
2(1p)
A(15,13) = -BS6 |1 - (3113%8(15,13)W
L FPF
ACLS,14) = -BS6 |1 (BUDBAS,13)
- FPO -
1/2 1/2
PVpT2 [BPPR/B(PFI/pFP) ] Pey
B(15,15) = , i i

A(15,15) = S + LEEE%&EA&EJ.[DwFTz-B(1s,15)]
FP - o

A(15,19) = (BS§)(3111)B(15,15)

PE1
A(15,40) = -t356)(8111)(8112) [22;55] ;
e < (357);i23)(uwoppy
’A(16;1ej = Q (2) B(16,16)
L
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Ce T TABLE 3. (Continued)
L A(16,18)

= B57
A(16,37) = -B57
A(16,41) = -B(16,16) (DW p) /0(9)
A(17,12) = -B59 |
B(17,17) = 2(B61) '_.22229“ 2
A/ AOPV)

A(17,17)

B(17,17)
S + (B59) |2(B60) (DW,.,.) + —S—toz
[ 0PO DWopo ]

A(17,18) = B59
A(18,11) = (B63)(B107)
A(18,16) = -B63
A(18,17) = -B63
A(18,18) = S |

A(19,11) = -B64

_ (B64) B(15,13)

A(19,13) =
DWepp
A(19,14) = (B64) [ng}vs.lsa] |
‘ R “YFPO
A(19,15) = - B2 (oW, -B(15,15)]
FP
RSS-8549-2
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TABLE 3. (Continued)

DW
_ FT1
A(19,19) = S + B64 [%(19,19) _.EL%E;iél]
F1
A(19,20) = (B64)(B108)
‘ A(19,24) = -(B64) B(19,19)
‘g  (B64) (DWgp)
| A(19,26) = - —5y57E
i
: (B64) (B112) (DH.,)
A(19,40) = BT
i DWWy
B(20,13) = Ea (3T;/3Fpp) (Fep) (1-Fpp)
.. (B66) B(20,13)
A(20,13) = - 1220020
FPF
. _ (B66) B(20,13)
i A(20,14) = >
FPO

DWFI '
B(20,16) = -TITF—I- (SI'T/BFOP) (FOP) (l-FOP)

_ (B67) B(20,16)

A(20,16) =
DWopr
A(20,17) = (367%WB(20,16y
- Toro
S :
. Diey ‘arPR/B(Pc/PFI)]PC
(20,19) = —L—FE <
: , , “PRY ¢/ F1
: : RSS-8549-2
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A(20,19)

A(20,20)

A(20,22)

A(20,27)

A(20,40)

TABLE 3. (Continued)

DW.. - B(20,19)

Pe1

FI

]
—

B(20,1%)

.._....._.P_-—-L-
C

(B68)(DWFI)
2T

FI

DWpy [Bs6 (B112) + B67 (B113)]/2 Tp

A(21,8) = -B69

A(21,21)
A(21,22)
A(22,20)

A(22,21)

A(22,22)

2
Diyiov

B(21,21) = 2(B70)

DV,

B(21,21)
S + B69 |—=——2—= +2 (B71) (DW )]
[ Mov MoV

B69

-B72 (B109)

-B72

- Fbpw...
S + B72 [ PCN]
. . c

1210500-347000 (F
c*

: )
B(22,23) = ¢

A(22,23) = -B72 (DWy) B(22, 23)

1

DWMOV+DWFI

B(23,10) =

RSS-8549-2
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TABLE 3, (Continued)

A(23,10) -B(23,10)

A(2%,20) B(23,10) FTC

| A(23,21) =-B(23,10) (1 - Fr.)

5 A(23,23) = 1

é B74 (D) H(3) [B(4,3)]

3 A(24,3) = - DW

; FD2

f B74 (DW,.) H(3) [3-B(4,3)]

1 AC24,4) = - . '

; F2

;; A(24,19) = -(B74) H(5) [B(19,19)]

A(24,24) = S - A(24,19)

i B(24,25) = [5%4§] [DQy, (5) + DQ, (5)]

§ Me

g A(24,25) = -B74 [H(3) + B(24,25)]

: | I ko

: A(24,26) = (874) H(S) | T3307ey
B(24,27) = ——r0:002

170 + (0.002) T(5)

1

C(24,27) = W

D(24,27) = B (80) [1 + 0.0027(5)] (W10

RSS-8549-2
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TABLE 3, (Continued)

A(24,27) = -B74{ DQy,, (5)B (24,27)-C(24,27)]+DQW2(S)[B(24,27)-31010WFT1-D(24.27)]}
A(24,28) = -B74 [DQ,, (5)][C(24,27)]

A(24,29) = -B74 [D(24,27)]

A(25,24) = B75 [D(24,27)]

DW
B(25,25) = B75(B76) [p gg]

A(25,25) = S + [B(25,25)] 2

- Dy, 2
A(25,26) = -B75 (B76) (ETET)
A(25,38) = -B75

B(26,19) = B77 [B(19,19)]

A(26,19)

= -B(26,19)
A(26,24) = B(26,19)
A(26,25) = -B77

 B77 (DWgy,)

A(26,26) = S + _mﬂ-s-j——

A(27,24)

[T(5)1/P(5)

[T(5)1/p(5)

A(27,26)

RSS-8549-2
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TABLE 3. (Continued)

A(27,27) = 1
B(28,22) = B82 [DQp.(5)]
A(28,22) = -0.8 [B(2§,22)]
’ C
B(28,23) = T_:%"'??T
L

A(28,23) = B82 [DQ-(5)]1((0.8)B(22,23)-3Ty/3Fy (B28,23)]
B(28,25) = (B82) DQ (5)

(0.8) B(28,25)

A(28,25) = v
A(28,27) = B(28,25) [B(24,27)-C(24,27)]
A(28,28) = S + B(28,22) B(28,23) + B(28,25) C(24,27)
A(29,27) = -(B83)(D(24,27))
A(29,29) = S + B83 [D(24,27)]
B(30,3) = B84 [H(3)]
C(30,3) = B(30,3) (DWgy)

RSS-8549-2
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= TABLE 3. (Continued)

é A(30,3) = -C(30,3)B(4,3)/DWgp,
AGo,4) = 203 (3 (4,3)]
: F2

A(30,30) = S

B(30,31) = B84 [DQWI(4)],
C(30,31) = B84 [DQW2(4)]
A(30,31) = -B(30,3) - gﬁﬁ— [B(30,31) + C(30,31)]
| EN
0.002
B(30,33) * 155 (0.002) T(3)
€(30,33) = 717y
D(30,33) = B9O(1 + 0.002 T(4)) le,No'8
A(30,33) = -B(30,31)[B(30,33)-C(30,33)]-C(30,31)[B(30,33)]-B84(D(30,33)+B102:DW(4)) :
A(30,34) = -B(30,31) [C(30,33)] ;
A(30,35) = -884 (D(30,33)] é
A(30,36) = B84 (B102) [T(4)] f
‘ 'A(31,30) = B8S E
i A(31,31) =S + 2(B8S5) (B86) (D) 3
o N e ;
g RSS-8549- 2 :
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TABLE 3, (Continued)

A(31,38) = -B8S
A(32,31) = -B87
A(32,32) = S
A(32,36) = B87
A(33,30) = - %%%%
s -3
A(33,33) = S

- B(34,22) = B92 [DQ:(4)]

_ _ (0.8) B(34,22)

A(34,22
. C

- 1
IO

A(34,23) = -B(34,22) [B(54,23) (3T /3Fy.) - (0.8) B(22,23)]
3(34,31) = BY2 [DQWl[4}]

(0.8) B(34,31)

A(34,31) =

DWFNi
A(34,33) =-' B(34,31) [B(30,33)-C(30,33)j
A(34,34) =

S + B(34,22) B(34,23) + B(34,31) C(30,33)

RSS-8549-2
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TABLE 3. (Continued)

A(35,33) = -B93 [D(30,33)]
A(35,35) = S + D(30,33) B93
A(36,30) = -B94

B(36,32) = (8953£2¥(4)]2
A(36,52) = - 2E8E5) (oa)

. (2)(B94) B(36,32)

A(36,36) = S BWA)

- A(36,37) = B94

A(37,13) = A(37,16) = B96

A(37,36) = -B96

A(37,37) = S

A(37,39) = -B96

A(38,3) = -B97(B110)

A(38,25) = A(38,31) = A(38,39) = B97
A(38,38) = S
A(39,37) = B98

A(39,38) = -B98

; , - DW. 2

~ B(39,39) = 2 (B98)(B99) -4-§?ﬂ¥1"
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TABLE 3. (Continued)

A(39,39) = S + B(39,39)/DW

FNBP
A(40,41) = g%%%

A(40,37)= - —g-%

A(40,40) = 1

o ) p(9)
B(41,32) = 5ﬁqij—:"TETEETTETZTTTBW;EE;T
B(41,32) [DW(4)]

A(41,32)= -

p(4)
- B41,36) ; DwFNBppfggw(4)
A(41,36) = -B(41,36) + B(41,32)
A(41,39) = -B(41,36) + (B105) B(41,32) p(4)
A(41,41) = 1
A(42,42) = S

A(42,5) = -B(115)

A(42,45) = B(115)
A(43,43) = S
A(43,42) = -B116

A(43,7) = B116

RSS-8549-2
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A(43,10) = B116
A(43,21) = Bll6

A(43,8) = (B106) (B116)

TABLE 3. (Concluded)

R(1,1) = 1
R(5,2) = 1
(2) (B21) (B22)Dg, * [T, /3 (X/Kyp )]
R(3,3) = g K3 .
(A/B) ey
R(14,5) = B52 [B(14,14)] [arppv/a(x/ijppv]/(ﬁ)
Mppy
2(B59) B(17,17) [8T.0,/3 (X/X 0]
ROL7.6) = D Topy oPV
(A/Agpy)
. (B69) B(21,21) [T, ../08(X/X, /)]
R(2L,43, = MoV Xvov
A/ XMOV)
B(39,39) [3T /3 (X/X )]
RCE9,7) “coy ccv
A/Accy)
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ENGINE CONTROLLEP. MODEL { 3

The engine is controlled and throttled in response to vehicle commands by a con-
troller which includes a digital computer. Three valves are directly driven

(open loop) in response to the vehicle input. Two additional valves contain feed-
back signals from the engine flowrates and thrust chamber pressure and provide a

vernier adjustment on thrust level as well as control of engine mixture ratio.

A schematic of the engine closed loop control logic (from Ref.3) is shown in
Fig. 24 along with linear block diagram. Table 4 lists the coefficients required

in the linear block diagram as a function of thrust level,

Nominal resistance for the scheduled valves as well as the closed loop control
valves is contained in the tables of engine balance information. The resistance

(R) is defined in the following equation:

- PAP
R—W—
In the engine balance information the units of R are secz-in._z-ft-s.v In the

. . 2. - . .
dynamic model the units of R are sec -in. 5. The valve resistances as obtained

from the engine balances are listed in Table 5 .

RSS-8549-2 R 5 3
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MR

MR

1 -
o I+ s/200 ¥
. 1
W
°F -1+ /200
P
[
Av,
- =1 - 1/
AV — MR ¥
1+5/200

(1+s/33.3) |_= 1 L
0.25 + 0.75 30 =2 — +(s775)+(s/75)
0/6poy
F-F,,
A= MIN [1.0, MAX (0.0, F=F >]
N Fu/ 1.32-0.21 -
TEMPERATURE LIMITS
: -4
| {4.5x107% (145/15) !
0.6+0, 4| 4:5x10_ " (1 T+(s/75)+(s775) 2
e/BOPOV
LINEAR CONTROL DIAGRAM
(1+s/w) N : — 49/8),
AQ1+ '
s/w > s(145/75+s%/75%) opoY
AP B(14s/15)
N - 1+s/16, _ . _ -
[} . s(1+75/s+s2775%) [~ 49/ €poy
pyll
1S F

Figure 24, SSME Mainstage Control (Preburner Oxidizer Valve)



A FUNCTION OF THRUST LEVEL

TABLE 4, LINEAR CONTROL SYSTEM COEFFICIENTS
Powerr
Level, w A B C b
A
21,0 28.15 35,35 0.07938 4.819 0.07152
0.9 27.92 32,98 0.07765 4,164 0.06865
0.8 27.69 30.61 0.07579 3.547 0.06579
0.7 27.43 28,22 0,07382 2.968 0.06293
0.6 27.13 25,83 0.07173 2.429 0.06007
0.5 26.79 23,43 0.06951 1.928 0,05721
TABLE 5. CONTROL VALVE RESTSTANCES 1) as

o . . 2 .
Units of resistance valves are sec” in.

RSS5-8549-2
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Thrust- Level,
percent RFPOV ROPOV RMOV 'RMFV RCCV
109 (EPL) 14.26 171.97 0.00471 0.00469 0.03570
100 (EPL) 26.82 258.59 0.00472 0.00469 0.03570
75 87.99 652.00 0.06117 0.06950 0.55000
60 164.46 1126.30 0.20000 0.24600 2.23000
50 266.90 1621,50 0.40006 0.50000 5.00000
(1) "2 g3



FREQUENCY DOMAIN SOLUTIONS OF LINEAR MODEL

Initial results from the frequency response routine are contained in this section
(Table ¢ ). The first sheet of output contains operating point and function slope
information which has been read into the program. On the second sheet the BXX
values (as described in the nonlinear model section of this report) are shown.
Input number 2 denotes that POS (low pressure oxidizer pump inlet pressure) was

chosen as an input for this case.

The column identification vector coding is as follows: the numeral one indicates
a zero derivative column for the first variable (pFDl) while the (+) indicates
that a complete response for that variable will be computed. The zero in the sec-
ond column indicates that column represents the first derivative (d/dt SFl) of

the third column. Column three represents S but its frequency response will

F1’
not be computed due to use of (-). The identification vector continues with a
%] representing each variable indicated in the matrix of linear equations and

zeros used where derivatives are required. The last entry in the vector is the

input column and is always -1.

Following the identification vector is the complete matrix of coefficients for

the system of linear differential equations.

After solution of the system at the lowest frequency specified by input data
(0.1 Hz for this case) the value of all dependent variables is listed. Variables
are numbered as listed in Fig. 23. Magnitudes are normalized to a unit value of

the input variable. For the representative case, variable 42 (DW0 ) indicates

S1
that at 0.1 Hz a 1-psi oscillation in Pos results in 0.0844-1b/sec oscillation in

flowrate with a phase of 359.74 degrees (-0.26 degree) with respect to the input.

Following the lowest-frequency solution is tabulated response information for all
required parameters expressed as decibels and degrees-of-phase shift.

A plbtting‘routine is included with the frequency-response program and samples of

this output will be included when the system solution is completely checked out.
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TABLE 6. INITIAL SOLUTION FOR 109-PERCENT POWER LEVEL

THE NUMBFR 0OF THE INPUT VARIAALE IS: 2
STEADY=STATE VALUFS FOR ENGINE PARAVMETEPS

1.007E+0Q

AZALCCV Y= L CCNESCC AZALFPVY=  3.307F-CLl A/A(NFY)= AZATMOV )= 1eDMOE+DN A/A(OPY)=  3,.68NE-CL
C = B.BLOE404 DOUTCA) = T.223F+C4 DNETCS) =  4.935E+04 DQIWLl4Y =  T7,223E+474 DO(WLS) =  4,.935E+04
DCLw24) = 0.C RDRlW28) = g7 DW{4) = 4,180E+01 DW(S) = A,524E+51 CHICN)Y = 1.120F+C3
DRCFILY = 2.627F+02 DWIFNY = 4.1HGF+0]1 DW(MC) = 3.924E+01 DWICI) = 8.,543E+72 DWILS) = G h15F+02
DWICCV) = RLOLAE+DL DWIFN2) = 1.602E+(2 DWIFPFj =  3.315F+01 DWIFPO) = T.930E+7TL DWIFTL)Y = 3.924F«C)
DWEET2) = 1.624E402 DUIMAV) = 3.543E+02 DW{OPF) =  3,493E+7L DUWICPN) = 2,513 71 Na(/P3) = 1,066F¢02
DWANTY) = 1.74CE+22 DWINT2) =  A4336E¢7L DWIFABP)=  J.019€+01 OW(FPOL )= T,.,732F+71 Q000 )= 2,A13F+7]
DWLOTPR)Y=  1.3"2E427 E(FPO) = 1YICE+CC E(QPLC)Y = 1NUNE+Dy E(0QT2S) = S.458E-21 F(TC) =  H.582F~C1
_FT1S = 5.,6G8E-21 FT2S = 9,359E-C1 G{(F1) = l.l162E+() GF2 = 3,17#L:+00 G(0L) = 2.6A2L+CT
G(nz2) = 1.0S2E+2{ H(3) = 4,423E+402 H(4) = 2.167C+023 H(4) = 1le%43¢+73 P(4) = AL 1RG5
PL5) = 5,143E+03 P(9) =  6.65CE+{3 P(C) = 3433VE+C3 PUCIES) =  3.2336E+33 PLFIL) = F.662L+403
P{FP} = 5,94CF+73 P(FS) = 3,OCCE+CLl (1) = 4,293E+03 P{LCP) = B5.92QE+73 P(rS) = 1l .70NE+(02
Pt0T) = 1J1BPE4792 PLENL) = 2.82CE+02 P(FN2) =  T.06RE+23 P(LCL) =  4.4410+4%32 PLON2) = S5,177(+r3
PLOD3) =  8.,4H4F4+03 P(PIS) = R4STE+T3 PIFPCL) = T210FE+73 PUNEVD) = 6.,3935FE+73 PLOPOT) = 6.,97AF+03
RUFP) .= 4.623E+03 R(NP) = S5,0N84F+C3 S(F1) = _1.638F+"3 S(r2) = 3.922F+3 S(Cl} = S5.TC9E+32
S(N2) =  3.262E403 T(4) = 6H.TY3E4C2 T(5) = H5.445E4N2 T(9) = 3.038BE+02 T(C) = fhe221E4N3
TI{FI) = 1.535F423 T{FP) = 1. ¥ISLF+03 T(OP) = le544E+73 THLIl4) = 1.26 E+53 Twl(5) = 1.330GF+33
TW2U4) . =  6.7STE+4I2 Tw2(8) = S5.445E+02 W(NOT) = 4,400F#CL WIFPNT) = 2.6405470 WLOPAT) = 1 .500EeRD
ETALFTL)=  1.669E+72 ETA(FT2)=  4,15%E4+02 ETA(CT2)=  3,775E+02 RHQ(4) = la4737="3 RHC(9) = 1.402E-C3
QHUJI9) = 1.TIS8E-23UPIF2L) = 141530474 UP(FP2) = 1296F+75 UP(FTL) = 1l.132F+"4 UP(FT2) = 1.296F¢05
UPLNPL) = 2.715F474 UPLAP2) =  5,2738F+04 UPICAP3) = 4.045F+03 UP(LTL) = 2. L5F 74 UPINT2) = 5,643E+04
PMI(FPL)= 1.7CPE+27 PHI(FPZI= 1 ICCE+CS PHITCPLY= 1OCTE+YY PHI(NPZ)= Ll JCCE#0C PHI(UP3 )= .00 E+0N
PHI(OYL)Y= 4.400E=-01 GMIEDT) = 1.)35F+CC GMIPFPL)=  1.702E+0% GMITFP L=  LC F400 GMUTFT1)=  165%33%E-02
GM{PFP2)= 1.02FQE+CT GM(TFP2)= L IPCE4RR GMUTFT2)= 1.4936F=02 GMEPAPLY=  1.A°TE4N0 GMITIPI)I=  1.27NE+DD
GMITOTLY=  T.CS~E-CL GWIRATL)= Le625F~C1 GMIPCP2)=  1L.O0OGE+T GMITOP2)=  L1.7ICE+30 GMITOP3)=  1.700E+0)
GNIPIP3 )= 1.7 2E+00 EM(TOT2)=  2.532E=C2 GM{FPV) = 1.,534E-71 GM{CPV) = 4.342C=-01 GM{MOV) = 1.702F+20
LGNIMEVY = 1.ACOE+90 GMICCV)Y = L ILCE+CH

t

PARTIAL DFRIVATIVES

GMIPFPL)/PHILFPL)

GUTFTLY/P(FT)/PA5)

GMITFT2)/ETALFT2)
GMITOTLY/PHECUTL)
GM{POP2)/PHI(NIP2)
GMITCT2)/FTALNT2)

GMITI/FLOPL

GMUPY/PLFI)/P(FP)

SGMANMEV ) /XX UIIFV )

GMUIOV /X7 X (MY
DW(NS1) =

LR T T | S A T S 1 M T

-1.437CE+TD
-1.,5CE-C1
-3.)00E=-C1
-lL.27(E+CY
=1) CF4ON
-8, IE=-25
4,VCE+N3
fj‘\ﬂ
2 I20F+01
2.VICERTL

1.135F+73 P(NSL) =

GNUTFPL)/PHILFPL)
GM(PFP2}/PHI(FP2)

GM{TFT2)/P(FT)/P(FP)

GMETCPLY/PHI(CPL)
GMLTICP2)/PATICP2)

SMLTCTIZ2M/PIFT)/2(CP)

GM{PR)/PIFTI)}/P(TP)
GMIPPI/PLC)/PLFT)
GALFPV)/X/X(FPV)
GM{CCV)/X/X{CCV)

4G LE+0?

LTI T L T T I T

1.0C0E-DL
-5.5320E-01
=5,{(10E-J5
Q.0
3.000R-01
=1 200E-01
Co?

r‘..\.
20000401
R ANIE+IC

GUITFTLY/ETA(FTL)
GMITEP2Y/PHTI(FP2)
GMIPARLY/PHICOPL)
GHPUTL)Y/PHI(ATL)
GMITOP3)/PHI(TP)
CGMIPCRII/PHIGIPZ)
GH{T)/E(OP)
GMETRY/FLTC)
GHuby )/ X/XiCPV)

LU T | S 1 [ O [ | A

=€ NNME-D05
4.0CNF-01
=1.MCJE+20
1.°0Cen?
LR
-5, iF-71
4,20°E+D3
T NOE+N]
200000
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VECTOR OF COEFFICIENTS

T 1.00PCE+00 I.B721E-C2

249375601 6.6667E-01

1.0225€E+C1 1.3553F-C1

2.50C0E+03 5.0265E-03

4.9226E-03 9.1575E-01

1.7612E-9% 5.0009E401

. 1e31S2E-C3 6,8380E+03

3.66945-32 311060E'Ol

5.2948E-02 1.6680E=CL

3.3848E+C" 3,1GCNE+OC

1.00COE+NC 5.5991E-C1

TABLE 6.

{(Continued)

CORRESPONDING TO THE ABCVE STEADY-STATE VALUES,B11l THRQUGH Bl16.

4.2974E-03
3.1486E-01
1.57C0F 402
3.1940E431
2.16686E-72
3.5)CE+04
2.9642E4%
R.2500F-(2
8.34C0E=02
B.TTE~(T

9,5846E-21

8.6059E-01 2.3648E+430
5.6132E400 1.G581E-01
6.1824E-02 3.7566E-01
3.8G15E-04 3,11456-04

2+0196E-01 3.7879E-01

'3.5490E403 6.56SBE=-22

3.8120E+00 4.8375E402
2.544CE+00 2.1800E+02
g,liECFeOL'i.ztcde-ba
2,429CE=C3 5.3353E402

9.7C83F-01 T.6923E+01

1.4653E402 5.9879E¢52

3,9764E+10 5.9485E=01
2.1455F+00-6.40062E-03
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-21.25
'21026
-21.28
-21.3R8
~21le41
-21.5‘1
=21e51
~-21.58
"'21.‘)5
-21.42
-’21027
-21.93
-2 465
~-23.17
-lc.IQq
-1R.49

21
PHASE

356,52
359.31
356,13
358,R7
358,74
358,7¢
353,97
356,24
35G.RS

Ce25

Ca51

.21
35€.5C
353.489
346,98
336.94
326.50
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FREQUENCY VARIABLE 22 VARTABLE 38
~_RPS _. _CPS  DECIBELS PHASE = DECIBELS PHASE
6.28E-C1 . 1.0CE-CLl / =15.€7 359.91 / =17.22 357.54

9442E=01__1.506=01_/ =15.67. 359.86 / _ =-17.27 .356.99
1.26E400° 2.00E-01 / Z15.67 359,82 / -17.33 356,12
1.88E+400 3.I06-01 / <-15.67. 359.76 / —17.49 354,68
2.51E40) 4.00E-01 / - -15.67 359.71 / ~-17.65 353,59
3.7TE+00 6.00E-01 / ~15.66 359.59 / =-17.65 352.30
5.03E400 B.05E~Cl / =15.64 359.45 / =18,17 351.62

.6.2BE+00 1.CCE+CY / =—15.62 359.26 [/ _-18.32 351.17
9.42E¢00 1.50E4C) / =-15.57 358.67 / -18.53 353.C8
1.26E401 2.0CE+400 / ~-15.52 357.66 / =1B8.61 . 348.63
1.A8E+01 3.00E400 /_ -15.43 356,23 / ~18.65 344,86
2.51E+01 4.CCE4CO / ~=15.37 354.27 / =18.79 340.52
3.TTE401 6.0NE+00 / =15.33 350.14 / ~19.13 331.58

_5.03E401  B.O0E400 / =15,33_ 345.55. /__-19.58 __323.09
6.2BE401  1.0CE+01 / =15.32 341.75 / =20.07 315.09
9.42E+01 1.50E+81 / —15.17 330.66 / =-21.17 25$6.73
1.26E402 2.GCE+C1l / —1%.T71 318.%0 / =-21.91  279.84

305.65 / =22.16

1.57€E+02

:20505’01 / ~13.90

TABLE 6. (Concluded)

263.70

"7 VARIABLE 42

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

DECIBELS PHASE

-21.47

=21.49

=21.5).

-21.57

-21d647

-21.74
-21081

. -21083

-21.81
=21.70
-21.03
21629

-18.84
-16.99
,-15008
-13,.02

-19.57

356.74

- 359.65

359.59
359.61

355.78

——r

GC.48
1.43
2440
4478
6.87
16225
12.81
16.62
19.58
22.11
27.23
30.93

‘" 33.49

T VARIABLE 43

3
?

NN NN SNNSNSSNSNSNNSNNNSNSNN

DECIBELS

-006C
—0060
'0061
-d.61
-0.61
—0061
-0e61

‘f0060

-C.60
=055
-0.5¢
-0.52
-')."2

,’0029

~0.14
.39
l.12
2.10

PHASE

3€8.63
359.89
355.8¢
359.76%
359,73
359,61
355.46
355.37
359.06
358,75
358,11
357.44
3560&6

354.66

353,22
349.47
345,32
343,46

T VARIABLE

MNMNMNNN NS NN NN NN NNNSN N,

"

DECIBELS PHASE

.

b
!

¢

DNDNOOONNOOODIOOO0O

f.0
De0

DOIOODODIIMNINDOODOO

0DO000VO200O0VOO

DO0OOOVOVOOVO

i
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APPENDIX A
DESCRIPTION OF THE COEFFICIENT EVALUATION PROGRAM

In the discussion of the nonlinear engine equations, coefficient expressed by BXX
were contained in many of the equations., These are functions of component design
and represent physical processes and/or geometry. Using engine balance informa-
tion (from models which include many sophistications not required in the frequency
response model), the subsystems can be described quite accurately for small var-
iations about the balance point. The balance point data is therefore read into
the program as well as slopes of empirical relations at the balance point,

Some of the BXX values are not functions of operating point, but represent dyna-
mic parameters such as compliance or inertance. These values are contained in

the program itself.

After computing the values of BXX which are balance point dependent, the entire
set is listed as output, as well as the entire input list. The linear coeffi-
cients are then calculated from the BXX values and operating point and slope data.
These are automatically transferred to their proper location in the frequency re-

sponse program.

A coefficient "KOLI" discussed in the input data section of Appendix B selects
which of the input variables is to be used and calculates the coefficient for that

variable while setting all other inputs to zero.

Multiple cases in general require multiple individual runs except in the case
where only the input variable is changed. Each setup requires full information

concerning the balance point.

A listing of "EVALAB,'" the coefficient evaluation program is contained in this
appendix (Table A-1).

RSS-8549-2
93
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REQUESTED NPTIONS:

LEVEL

3T Ry

TABLE A-1. EVALAB COEFFICIENT EVALUATION PROGRAM

CS/360  FORTRAN F EXTENDED

MAP JNECK,LIST ¢ XREF ,CPT=2

CPTlUNS IN EFFECT: NAMF(MATN) CPTIMIZE(2) LINECCUNT{4G) SIZE(MAX) AUTOCBLINONE)

O
vo G2
Q

xSN

ve
Z-6958-SSY4

e ISN

0015

N- 0020

con2
0943
0064
0005

0336 _

Y 0007 }_ o

0007 _
co09 -
C016 1

0011

0012
0013

00l4 L ... .2

0017
0018
1S

i e 0 2 ot e &

co21
Gnz2
Nno23
ne24
6025
0n2e ..
acat §‘

0nze

o029
no2C
0031

| 0032
N33

SCALE =

. Bl23)

e ke e e aheee oy e B T TR S SR

SUBRCLTINE FVALAD

DIMENSICN AC(S50,2°C),VI17C),B(120)

DIMENSICA FTABIS)yGTABLS)
DATA FTAB/CefNy0e3559Ce519CeTsNaBb540.884049¢90.943,1.0/

DATA GTAB/1C. ".1crc ¢,1800. C,36)C.0|6100.0:6400 N096400.055510.0s_ _.
150L.Cl

COMMON [CRT.A;IUV(ZOO) JEVAL/ TITLE(18)

,NAVFLIST INNOMZ vy KGLI;lDV:SCALE.ID C e e e e e

WRITE(6,1) TITLF
FORMAT('1',18A4)
1.0 PSS A i e

REAL(54VNOM,END=32)

WRITE(6+2) KOLI

FORMAT('LTHE NUMBFR OF THE INPUT VARIABLE
TFUINFLAG.EQ.123) GO 70 10

IS, 13) .

COMPUTE ANOMINAL VALUES
BUIL) . = _VILCHIXV(TE)IV22) — ——— -
8(12) = (VL{E2)-VIST)II/VLIT3)
PL13) = VI9T)/V(T3) %2
B(14) = 1.0/V143) - -
Beis5) = V(OL)*SORTIV(78))/V(T3)
8(16) = V(99)/{V(1151%V(51))
AULT) = VE28) %2/ CIVISLY=VISS))IRVIOS) ) e e
B{1R) = VIIGTI*=vIT4)/VI22) '
TRELS) = (VIE3)-V(62))/VIT4)%E*2
3L 20) = V(98)}/V(Ta)%%2
B{21) = 2501.7
Bt22) = (VIE3)-VIES) )RV )#%2/V(22)%*2
= 1.0/V144) e e e cr i < o
PR = SQRTIVIS5)}/VI5E6))
GAMPR = SQRT(PR®:%(2,C/1e4)~ PR#%(2.4/1.4))
B(24) = V(Zé)*SORT(V(BZl)I(V(Sb)*GAMPR)
8125) = VI(92)/VviT4)

TTDATE 73.2€4719.53.40

SOQURCE EBCDIC l!ST DECK CBJECT_ VAP NOFGRMAT _GOSTMY XREF_ALC NOANSE_ NOTERMINAL_ELAGLI)

6COCAOCO
00006610

20026015

nCo0ec16 .
choeeny?
0CCI6CLR

0CrOECLo

00CGEC20 s
0CCChIZD

NCCG6R40
oCe0eCaS
QCCHECS0
CCLO6360
nercecTn
0N0NER RO
0NCECE5Se
£CCNELCO
OnNOETLN
cocce12n
aCCCA130
00CNE14C
0CCIe150
000C61£0
aNOCH1T0
0666100
0CCNELSE
£3C562C0
00CCE210
06576220
00626230
Grcoe24C
00006250
00C06260

{



TABLE A-1. (Continued)

CLEVEL 2 G NOV 7210 EVALAB " CS/360 FORTRAN H EXTENDED  DATE 73.2€4/13.53.40

ISN 0034 - R{26) = V{170)%V(56)/V(11R) , 0oCNeE270
ISN GO35--= CH(2T) = VI128)*V(T5)/7(VvI27)+V(30)) . QCCoe280
ISN On3e Rr(23) = (VI64)=VI6CH)/VLTS ) x%2 0Ccene62s0
FSN:CC37 - o BL29) . = v195)xV(E9)/VI12T) . e COCR63CO... o ..
ISN 0038/~ BE3Y). = V(33)-1.C ANCG6319
ISN 0039 S B3 = 1.0 ' CCCoe320
ISN 0040 . B(32) = (VI61)=-N(62))/7V(20) . S 6656330 o
ISN 0C4l ' R(33) = 150.0 CNCOE340
ISN G042 o B8(34) = V(l 1) /VAT5) *%2 : G70NnE35C
e ISNOCG3 o B(35) = 1.0/V(45) i . ONCO63ED
1SN 0044 : R{3¢6) = V(l 4)7(V(121)#V(L11)*V(31)%x2) g3cce3n
ISN G(45 C B3 = (V(E5)-VI64))/VI31)*%2-V{122) CNrIE3RD
ISN 0C46 B039) = VILL1I*V(31)/VLT5) ) o 0Nrce3sy —
ISN GCa7 RE3I9) . = VOLICOI®V(TEI7EVI2TI+VI31)+4VI(30)) 0uCheaco
; . "ISN €048 . BL43) = (VI65)=-V(64) ) /VITE)*%2 0nCN€41D
‘ o UISNCO4AT o B44L) o= VOLS2)/VITE YRR L ai e e O0CCEA2C
S 1SN G059 o BL42) = 1.0/VU046) 63026430
i 2 ISN-00S51 S Bl43) = VELLN)AV(T6)/VI3D) 06C3644D
; TN R CISN CNS2T L Bl4A4) = V{103)/V(T6)%%2 E R COCreE4Sy . . . L ...
i o ~ 15N 0053 Bl45) = (VI66)=VIES)IIVITE)E*2 . ) ‘ 0L E4E0
5 © ISN GGS4 . L Bl4s) = 1266 ] nNGTN6470
* N ISN QNn55 _ = - BlaTl) .= VIS3)/vlT6) . e e DNCOCGED .
. ISN G0S6 ‘ PR = SQRT(VI55)/V(59)) - 00r64S0
% 1SN 0057 GAMPR = SQRT(PRE%(2.0/1.4)-PR*¥(2.4/1.4)) 8GCL65CD
i . ISN. 0758 __ __ .. .. Blanr) = V(3/)*SORT(V(G3))/V(‘9)*GAMPR OreRESLO
| o ISN 2059 . B4S) = 3R120.0 00006520
£ ‘ ISN 0063 ‘ a{sn) = 6&e€T5 ' 030CESIC
_ISNOCeY . BUSL). = (vis2)- V(56))*V(%)/V(23)**2 . S SCZIES40 -
ISN 0062 . B(S2) = 50,0 00CES550
ISN 0Ce3 : . B(43) = (VLET)=VI6B) I*(VI2)/V(24) ) %%2 0NCJ6560
, o o ISN 0964 S R(54%) = (VLEB)-V(56))/V(24)%x%2 ) 0M06570
| : - 1SN G065 - B(55) = l.C/v(eQ) gNrJ6580
TSN €Q66 . . 3(54) = 1378.3 : CALGESSO
CISN CCOART L BB T = 180.0 SR ) ONCNE6CD
ISN ~068 R(58) = (VA52)-V(59) 1 %V(S6) IV (2B)%%2 NIC36610
TSN 0069 : BE59) = :1C.3 . 00C0662C
SN GCIn ; LIRdd = (V(I0)=V(53) ) /V(2G) %*2 ) ‘ 01006630

TSN 271 - vEtel) (VI6T)=VITC)I=LVI5)/VI2G) ) *%2 Sunheo4al
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TABLE A-1.

(PREX(2,0/1.4)-PR**(2.4/1.4))
VU16)5SQRTIVIBLY ) /V(55) #GAMPR

(V(&S);V(58))*(V(4)/V(27))**2

€S/360 FORTRAN H EXTENDED

(Continued)

(V(AI)-V(51))1%V(95)/VI18)e%2

VELC)/(il.0+40, G"Z*V(?B))*(V(BS) VI78) )&V (18)**0.8)

VIB)/(ANV(BT)-V(B85) AV I15)*%(,8) .

ot ot e - e st e rh e £ b A

. QICUenT2

Vi9) /{(VviB4a) - V(77))*(1 0+9. 002*V(77))*V(17)**u.81

VET)/EIVIBC)=-VIB4) )%V{15)%%C, B)

(VI5C)I-V(52))%V(94)/VI13)%%2

LEVEL 2 (:NOV 72 ) EVALAB
ISN 0072 BE62)Y = 1.,0/V(90)
ISN 0C73 Bl63) = 35800.0
ISN-0CT4 B64) = 3945,)
e ISNOOTS PR = YI53)/V(55) .
ISk Cn76 GAMPR . =
1SN 0077 BL55) =
- .- ISNOOTB __ __ . .. Ble6) . = 0.5CS5
1SN 6C7S CRU6T) = 0.2563
ISN 0080 SR(68) = (.24
JISN-Q081 . Bles) . = 50,0 .
ISN 0082 BLTG) =
1SN 6083 BLTL) = (V(58)-VI53))/V(27)%*2
S ISNOCB4 o B(T2) .= 6838,0
1SN 0085 e(13) = V(l‘)#V(é)/V(53)
S “ISN 0085 A(74) = 3,812
e JSNCCRT o - BtTS) = 4B3.T5. . .
ISN. 00R8 - BL7¢) =
ISN 0089 , AL 77) = 0,001
el ASNOCOC o BLTB) .. = VITB)IEV(95)/V(5L)
1SN 0091 CORT9) =
1SN 0092 - 8U80) =.2.,0%3(79)
_JISN_C092 B(8l1) =
ISN 0094 B(R2) = G.31
1SN _C0SS5 R(B3) = §.082E
o TSNQ098 o .BUB4) .. .= 2544 .
1SN €097 H{85) = 218.0
o ISN Q098 R(86) = (V(6S)-V(SC})/VILT)%*2
e JSN-0099 BL8T) 2 00005, - .
' ISN 016G . " A(88) = V(77)*V(94)/V(50)
TSN 0101 ai89) =
S ISNONN2e L RU97) = 2,0%y(89)
ISN 0103 2(91) =
ISN 0104 8(92) = Q.1668
ISN Q108 B8(93) _ = C.0834
* 1SN 0106 ‘8(94) = 21.16
ISN €107 . R8(95) =
JISN 0108 7. ... Bt9s) = B1690.0 |
ISN. 0105 B(97) = 32310040

00006650
aCCC66€0
oNcoEnTe

crCoe674
oNCN 6680
02026650
CCCrLeTCd
OCCDE6T10
CoCce720

DATE 73, 264/15.53.40

o0Ceaq730
00cG6749
CAPSETS)
09C067¢G
cnenéerta

01206790
00LNEBCO
ACCCEBLID .
anccs820
CheNE830
coccee40
nOCCERSO
CCLGEBED
00CL6BT0
coco6nen
00C06850
00CLES00. .
60CCE9C2
00£06904
N"rAeaCs
00CNESCR
00206510
onrcesia .
00006514
0CCCe91e
00696518
£CCES20

. Ctlre78C



ab 900d J0

Ruriv

L6
-6vS8-SSy

HIY0

si ﬂ‘.)VtI VNI

" TDATE 73.2€4/16.53.40

£NC06922
COCCES24
0NCo6926
enntes2s
n0Cc6930
31606632
nJCN6934
G0LG6936
nnciesis

00CLE94D.__

00CC 6942
onNCNeaqs
0CC06946
CCCro948
nonNecesso
naoeesse
QOCLESSA
CNCDESSH
ooceesss L
006960 '

- N0CC6561

TABLE A-1. (Continued)
LEVEL 2 U NOV 72 ) EVALAB T6$7360 FORTRAN H EXTENDED
ISN 0110 ... . Bt98) = 20.0
“ISN 0111 --B(99}) = (V(69)-V(52))*(V(I!IV(33))**2
ISN 0112 BIELNO) = VIT79)*V(96)/VL52)
o ISN O3 BULLINL) = VU4SY/VUT8)Y . . .. e e e e e = v e
CISN Q114 RU102) = VI4EY/V(TT)
ISN 0115 ‘ RLLO3) = V{47)/({VI98)*%V(T4))
1SN Olle CBLLO4) = (VIEE)=VI6T)I/VI3C)%%2
CISN 0117 BELOSY) =0(VE33)1+VI13))/V(S6)- V(13)IV(94))/V(33)
~ISN-0118 BU126) = V(3&)/V(65)
ISN. 0119 __ = BU1XT) = (VI2B)+VI35))/V(32) . - .
ISN G120 BU108) = (VI25)+V(26)4V(32))1/V(16)
15N 0121 B8(109) = (V(15)-vI(19))/V(16)
CoISNCQL22 U BULIC) = IVELT)I4VILB)I+V(33))/V(22)
ISN €123 - ROLLIL) = (VI(23)+V(34))/V(26)
ISN 0124 FOXD = VL24)74(V(24)+V(23))
o ISN D125 IREY =1 .. .. . e
ISN.0126 GO 10 5
ISN 0127 3 BULLI2) = (V(B2)-GAMMT)/V(T7S)
Lo ASNO128. . FOXD = VU35)/(V(3S)#VI2B)) . . . R o
ISN €129 IRET . = 2
ISN 0120 GO 1O 5 :
—..-ISN 0131 4 BU113) = (V(83)=GAMMT)/V(T19)
ISN 0132 - BLLM4) = V{54)/V(53)
ISN 0133 B{115) . = 76.9231 , o
L ASNOL34 o BRLY6) = A0D0GL
ISN-0135 60 TC 9
ISN 0136 S DO & .1=2,10
e 1SN G137 IF(FOXDGT.FTAB(T))_ GO YC & .- e e e e
ISN ©139 GAMMT = GTAB(I-1)+(FOXD-FTAB(I=1))%(CTAB(I)-GTAB(I-1)1/
: LIFTABCL)~FTAR(I-1))
O ISNOLGQ o GOCTC(3,4),IRET .
L ISN Cl4l 6 CONTINUE
ISN G142 WRITE(6,7)  FOXD
SISN 01643 7 FORMAT(® OXIDIZER FRACTICN EXCEEDS ONE®,1PE12.3) el
, c PRINT V VECTOR AND B VECTCR
‘1SN 0144 9. WRTITE(&,91)
ISN 0145 - 9L FORMAT(® STEARY-STATE VALUES FOR ENGINE PARAMETERS?')
TSN 0146 L WRITE(6,27) AVI1)yI=1,60)

Qnofesel
03C06963
CCCG6G¢Es
GOCPCE%ES
0GCOESEE
0NCoes€8

LOCC6ST0 ..

oNed6s72
CO0C0A974
gcccesre . ..
00CC6S78 ’
QGrCé69s8n)
Qovnesge .
0GC07910
c0e27920
nNNOCTR3L
QC0CT7940



TABLE A-1 (Continued)

86

IsM 0183 . T UAS,10)

LEVEL 2 ( NOV 72 ) EVALAB cszaao FORTRAN r EXIENDED DATE 73.264/15.53.40
o CISNCYAT . MRITE(6,29) (V(I),1=61,12C) . o 00507942 .
SN 0148- - WRITE(6430) (V(I),1=121,163) . QrCoTS 44
, ISN: G149 ;‘ 93 FORMAT(1HY,1PLOELL.4) : o cOnn7950
_.____lSN G150 o WRITEl6,55) . . e e . OCCLI960
ISN 0151 - 95 FORMAT('IVECTUR OF COEFFICTENTS CORRESPONDING TN THE ABOVE STEACY-0N107970
T ISTATE VALUES,2311 THRCUGH Bll6.°%) , curors80
ISN 0152 ... ~WRITE(6493) (B(1),I=11,116) . ) , ‘ 00r07950
ISN 0153“,, Allsl) = 1.0 alofal o s L 1)
ISN 0154 12 = VI57)-V(62) : : £CCI4510
JSN 0155 Cl2. .. = NUL33)%V(106)/V{LL3) . . e e - GO0COBC20
ISN 0156 T AlLe3) = BL2#¥(2.0-C12)/V{(73) onacasln
ISN 0157 Al1,5) = Bl2%Cl2/VI122) ; 630CRL40
________ ISN G158 .. . _ 'B22 = V(134)*V(106)/VI114) . o 4 v . I OLE T
ISN 0159 c22 = VI135)%V{31)/V(115) 00208060
T ISN G160 - A(2,2) = 1.0 N05030170
oo SN QLY T A(243) = =BULAY VT3 RIVIST)*(B22-2.0)4V(99)%C22) .. . _ ... ._ ... CCOCANED . . o
A ISN 0162, CA(235) = RE14I*B22RV(STI/IVEZ2) cccesrso
> SN 0163 B219  ="Bl141*V(99)#V(136)#V(4L)*(VI55)/VIE1))**V(41)/V{115) 0NNLeL1CO
o TSNOL64 .. A(2933) = ~B219/V(S5) ) . oceoailo
B ISN 0165 : A{2441) 5 (B21S-RU14)%V(99))/V(51) ' ' £ocn8120
i “ISN 0166 . - Al2446) = 8(14)%V(99)%C22/(2.0%V{T78)) , 000CH130
, SN QY67 A(3,1) .= -Bl21) C . . .. . e . . OGQORY4Y
ISN 0168 . B33 = VI137)*V(107)/v(1l6) _ 0acr8Lso
© TSN 0169 A(3,4) = 1.0 CCGRRLED
CUISN GLTC oo . A(3+5) = —=BU21)%(({V(63)=VI(62))*B33/V(22)-2.04B(22)%V(22)/V(3)**2)C0C28170
ISN 0171 AT = —BI21)R(VI63)-VI62) )% (2.0-8B33)/V(T4) NOANHLBO
TSN 0172 A{3,67) = B(21) enTnALBS
— . ISN.0173 . BA3 = VEL38)EV(LOTIZAVILLTY . e CAC2BLSO
ISN 0174 Al4sS) = B{23)%V(9R)*A43/V(22) : : £oCe82c0
CISN 0175 - S B44 = V(138)/V(118) necone2t0
L ISN O0YTe L Al4y6) = = 1.0 . 0oc0R220
< ISN GLT7 : AlGyT) = B(23)*(V(98)*(2-B43)/V(74)-V(100)*844*8(25)l 5GC2823C
ISN 6178 . B41S =«v:140)*V(42)*(V(55)/V(5a))**v««z))/vclla) . (G008240
e ASNOLTO o Al4925) = -B(23)%V(103)*(1.7-B415)/VI56) ) e . QORSB28G
ISN 0180 Al4933) = -BL23)%V(1COI*B4L5/V(55) : 6608263
ISN: 0181 - NS YRY = 1.0 aneIe213
ISN G182 . . ... .. BS6 = V{141)%V{1I8)/V(119) : 3 .. ouoCe2eQ

=(VL64)-VI6N)YX(2,0-B56)/V(T5) - 05CGR26E
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TABLE A-1.
CLEVEL -2 (. NOV 72 ) EVALAB CS/360
TSN 0184 - 7 ALSal1) = (V(64)-VIE0) )*B56/7(V(162)+V(31))
ISN 0185 - A(5,73) = =Al5,11)
ISN 0186 ‘B66 = VIl42)%VI111)/VI12]1)
ST ISN.OLBT €66 = V{143)%V{108)/V(120) _
“fSN-0188 Al6,S) = 1.0
ISN G189 ‘Al6,12) =
_ISN 0190 L At6413) . =
ISN 0191 "AlByLE) =
ISN 01392 S ALT98) = VI3L)/(2.9%LVI65)-VI&4)))
ISN_0193 BIA .=
ISN 0194 Al7,13) = BT&6/N(T5)
[SN 0195 A(T7,11) = 1.9-8B76/V(31)
CISN 0196 ... oo ALT12) = =AL1T,9) ‘
1SN 0197 ‘ - B87 = V{145)/VL123)
ISN Q198 8A8 = V(271+VI30)+VI31)+VI36)
e ISN.O199 . A(8,1L)_ = _—BBI*V(LGI)X(VI65)-V(163))/888
ISN 0200 AlB,12) = 1.C+B(1C6)I*A(8,11)
ISN 0201 AlB,14) =
ISN-C202° A(By16) = A(8y11)
1SN 0203 AlB,y3€) = A(8,11)
~ISN 0294 A(B,75) = -1.0
________ 1SN 0205 _ . B97 = V(146)*V(108)/VIL24) _
ISN 0206 co97 = Vv{102)/888
TSN 0207 Al9,11) = B(42)*B97%CI7
G UISN o268 - ... B99 = VEL4TIAVILLY)/VIR25)
TISN0209 -C9a9 = BL4T)»V(T6)%V(148) /V(127)
ISN 0210 A(9,13) = 1.0
e 2ISN 0211 ..Al19,14) =
1. (2.0-B899) )/V(T6)
ISN 0212 AL9,16) = AL9,11)+B(42)*Vv(1D3)%R99/V(30)
ISN 0213 Al9,31) =
: ' 1 *%V(39))/{VI59)#V(127))
CISN 0214 A(9,33) =
ewine e e L _1GV(55)*V(127))
~ISN 0215 Al9,36) = A(9,11)
ISN 0216 A(ln.lZl- -8 {4€)
.. . ISN D217 . L BlO9 = VIISC)I*V(LL2/V(126)
SN D218

(Continued)

FCRTRAN H EXTENDED

~BI35)1%(VILI4)*R66-2, 0*V(lOl)*V(lOl)*Cbb’/V(75)

BI35)*xVI10L)2CE6/(V(2T)¢V(3N)+V(36])])

=R{35)%VIIC4}*(2.0-B66)/V(31)-Al5, 73)

VI3L)I*V(144)4VILLLY/{(2:3%(B(3T7)eV122))). _ . L

(vi64)-v(65) ) *(2, P ~B8TxV{1C9))/V(T6)

0—8(42)*(V(1“5)*C99°V(102)*(2 0-B97)-V(103)* .

(R - o e oyt G e 0h

~RUA2)%VILT5) % (L 0%V (127)-V{149)*V39)%(V{55)/V(53))

~ﬁ(42)*V(lOS)*V(149)*V(3°)*(V(55)/V(“9!)**V(39)/

ALLD,14)= =BLAG)IR(VI66DI=-VI65))%(2,0-8B109)/V(T5)

. 00008479,

DATE 73. 264/19 53.40

00CIR300
0naCcA310
n0CNAKR320
nTena33n
AI0GR340
02CCH350
cocese3r;
coNz8382
0CcnN38364
oocae420
CNCLK410
QOCOKR&G20
0r,.02843n
0NCo84s5g
nnNnga4en

0J2CGR48C
001G84S0O
accoasto
gacocssio
002808515
63008520 . .
00338530
QQe28549
G0ehAss0
nneonas69
QDNCESTO
0GCo8580 .
nCcN085s0 '
ccras6Co
nans8sld
00C8620
rNeca63d

Q000 HESS
ANCaRE40
0022865¢C
ccicheet
n0008670



e WA 4

00T
2-6v58-SSY

level 27

. 1SW 0221
. ISN 6222 _ _

ISN 0219
1SN 0220

U NOV 12”)

ISN 0223
1SN 0224

ISN- 0225

~ ISN 0226
1SN 0227
_ISN 0228

ISN 0229

. ISN 0234
ISN 0231

P tima o

e e 4

ISN 0232
ISN 0233

ISN 0234

ISN €235
ISN (236

ISN 0237

ISN 0238
1SN 0239
ISN 0240

ISN C241

"TSN Q242

__ ISN 0243
ISN 0244

ISN 0245

L JSN_0246
“ISN 0247

1SN 0248
ISN C249
ISN G250
ISN 0251

e JSN. Q252
.ISN 0223

S

ISN 0254

B e

... Bll1A8

s ey o e

ISN 02%5 ... .

ISt 0256

TABLE A-1. (Continued)
EVALABR 0S/360 FNRTRAN H EXTENDED
Al10,15)= 1.0 )
ALL1D916)= Blab)#(2.N0%B(1C4)*VI3C)-(VI66)-VI65))%8109/V(30))
A(12,19)= B(46)
AlLL,17)=_1.0 o Lo - - — el
FupP = N{35)/(VvL35)+V(2R))
FFOP = V(LSL)*FOP%(1.0-FCP)
. Blité = V{32)*FFOP/ (2. 0*V(83))
A(L1L427)= —-81116/V(28)
Al11429)= B1l116/V(29)
PR . =,(V(‘5)/V(593)** 5 e
GAMPR = (PREX(2,01/1s4)~ PR**(2.4/1 4)’**.5
DGAMPR - = (2.0%PREX(,6/144)=2.4%PR¥%(1.0/1.4)1/(2.8%GAMPR)
= DGAMPR%PR/(2.5%GANMPR) .
A(1L,31)="V(32)*(BL118-1.C)/V(E9)
A{ll,33)= ~V(22)*81118/VI(55).
ALLL,7C)= BLLL3)*V(32)/(2, ”*V(83)) T it s
AlL12416)= =B (49)
A(12418)= 1.9
o A(124230= BU145)
< ACL12429)= B 4S)
81313 = B(50)*3(51)*V(23)**2/V(°6)
A(13,29)= 1 o0 . . T - e
At13,21)= 2,C*B1313/V(23)
CA(L13425)= 8(50)
ALL3465)= ~-BLSU) -
AC13,71)= -81313/V(96) '
All4419)= -8(52) ' ..
Blelse =2 0*8(53)*(V(29I1Vl2))**2__"“Mm___m___._h____“nm“m“.ﬂ
All4,22)= 1.0 .
All%423)= B(52)%(BLl414/VI24)+42.0%8(54)%V(24))
- A(14,25)= B(52)
FFp = V(24)/7(v(24)+V(23))
FFFDP = VU153 )2FFP%(1.0~-FFP)
RL513 .= V(2€)*FFFP/(2.C0%V(82)) . . .
Al15,21)= ~B(56)*(l.C~- P(lll)*Bl§l§/V(23)) .
A(15423)= ~BU56)%{LC+BIL111)*BLE13/V(24)) ’
PRF = (V(EE)/VI5E6) ) %%,5 ;
=1(PRF**(2.0/1 4)=PREXX(2,4/1.4) )%%,5 ¥

 GAMPRF

e

0rneseso
NGCoBASG
aGz08700

. erces716.

03c08720
0nrGg8730
LCIC8740
HI0N8T50
CCCCRT6D
peensTIg
0a72878n
njcnares
£e3tarso

CQoCO088CO

ccensslo

GONGRA2D

02408830
0CGCRB4G
ounNt88sg
A0C08860
aGeresic

NNCCRRRD

LCcccassr

grCcoRrRone

an0Cceslo
£QCoR920
0NCGRI93D

0C76GA340.

0GC08950
0Cccoage0
neangaTo
00CC8S5ED

0C2C8990

0cres0Cy
0GCH9010
onange20
ceeascae
30CNSC4D

DATE 73.26€4/19.53.40

et e e i



C4 e e A ot

i e ke b
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TABLE A-1, (Continued)
, LEVEL 2. ( NOV 72:) EVALAB CS/360 FORTRAN H EXTENDED
’ 1SN 0257 CDGAMPR. = (2.0 *PpF**(.b/l.«) 2.4%PRFA%11.0/1.4))/(2.8%GAMPRF)
, ISN 02538 BL515 = V(26)%DGAMPR¥PRF/(2.C*GAMPRF) )
§?§;, 1SN 0259 A(15,24)= 1.0
hy ] A CISN 0260, L _AlL15, 25!:.B(56)*8(111)*(V(26D-H1515)/V(56)
. é? <) 1SN 0261 A(L15,33)= R{56)%B(L11)%BL515/V(55) .
‘ S 5? ISN 0262 AL15,70)= ~B(SEI*B(LLLI*R{LI2)#V(26)/(2,0%V(82))
55 ISN 0263 BL616 = DB(ST)*R(SBI*V.(28)/VIS5)
O b 1SN G264 A(L6926)= 1.0
C:;y 1SN 6265 Al164,27)= 2.0*B1616
EEQ USM 0266 - Atle,y3l)= BLST) N .
y & ISN 0267 Al164€65)= =B(57)
.5?53 ISN 0268 Al16,71)= -B1616%V(28)/V(96)
= ISN G269 A(LT,19)= =3(59)
¥ TSN 62176 BLTLT = 2.0%B(61)1%(V(29)/VI5))¥%2
: TSN 0271 , A(17+28)= 1.0
Cimg e USNOGRT2 o ALLT429)= BU5S)H(2.C*BL6CI*VI29)4BLTLT/V(29))
"fgg . ISN G273 ' AlL17431)= B(59)
S 4 CISN 0274 A(1B,17)= BL&3)*BL10T)
i ISN 0275 A(18,27)= -RLE£3)
(ol ;% 1SN G276 Al18,26)= =B {.63)
3 ISN 0277 A(19,30)= 1.0
N ISN 0276 o AL19,17)= ~B(64) e
ISN 0279 AL19,21)= -B(64)%B1513/V(23)
1SN 0282 AL19,23)= B(64)*BLS13/V(24)
1SN 0281 CA(19425)= =B(64)¥(V(26)+BL515)/7V(56)
ISN 0262 BLOLG = V(25)/(2.0%(VI51)-V(55)))
C 1SN 0283 A(19422)= 1.C
o ISN 0284, A(19433)= BU64)*(B1919-BIS15/VISSI) . ...
ISN 0285 Al19,34)= B{64)*B(1N8)
SN 0286 A{19,4]1)= —-BlE4)%BL1I19
1SN 0237 ALL9,45)= =R(64)%V(25)/(2.,0%V(95))
ISN 0288 AL19,7C)= B(64)*RI112)%V(26)/(2.0%V(82))
- C SEE TRE COMPUTATION OF B1S513 FCR DEFINITION UF FFFD
____;JSN.0789_““,__m.~__B2 ‘13 = VILE)*FFFP/(2.0%y(81)) e
CISN 290 Al2),21)= —BLEA)ERZOLI/V(23)
ISN 0291 A(27,23)= BU66)*B20I3/VI24)
c. SEE THE COMPUTATINN OF Bl1l& FCR DEFINITION CF FFCP

1SN

€292

B2016

= VU16)*FFOP/{2.C*V(B1))

[ i

DATE 73. 264/19 53.40

0009045
9C7099%¢0
OnGH9C 6D
QCcengne
[\ laraleEe ¥: 1o}
N0°0490%89
gocpalcn
oCrn9l1ld
£ec 29120
o8 tI9130
€C2CH9140
0CC0915)
Gornglel
0G269170
oconslee
oGonalse
00C39206
00C39210
o0Tag220
0oreng2i0
QrionNg9249
acnd5250

LCE92¢€C
QQGR9270
6Grts280
nnen9260
ones93ceQ

CeCoS36._

02239320
0Coe933n
NOICS340
onrnGg3isn
S07GA360
ec
APLCUG3ARD
Qn~0983906
nICe94aCC
fEa29410

529374.



IR )
¢-6vS8-SSH

LEVEL 2

ISN
TSN
ISN
. ISN
1SN
I'SN
TSN
1SN
ISN

1SN
1SN
LSM

CISN

1SN
1SN
ISN
1SN
1SN
. ISN
1 1SN
| ISN
1SM
ISN
_ISN
ISN
1SN

._;i_JSNM

LSN
C 1SN

TSN

TISN
ISN

ISN

ISN.
ISN -

1SN

CISN |

SN

A1 23,29)= BL6T)IFR2C16/VI28)

2 NOV 72 ) £
0293

0294

€265 PRF =
296 __ . GAMPRF_ =
€297 DGAMPR =
c294 R2CLS =
0299 A(23433)=
365 AL2),34)=
0391 AL20,38)=
6302 AlL22446)=
03C3 AL2C,17)=
N304 Al21,12)=
0375  _ B2121 =
03c6 AlL21,35)=
6307 A(21,36)=
0308 ___ ___ A{21,389)=
G379 - Al22434)=
0310 Al22,36)=
0311 ... ... AL22,37)=_
0312 AL22,38)=
0313 82223 =
N314 A(22,39)=
G315 R231C =
G314 A(23,16)=
0317 __ .-, o AlL23,34)=
G318 A(23,3h)=
9319 Al23,39)=
¢320 A(2445). =
0321 Al24,7) =
0322 Al24,33)=
0323 A(24,4C)=
0324 A(24441)=
0325 B2425 =
032¢€ _ Al 24,43 )=
0327 A(24,45)
0328 B2427 =
6329 C2421 =
633% 02427 =

TABLE A-1.

vaLas

€5/360

AL20,27)= -BL6TI*B2016/V(28)

(Contihued)

vi53)/vi55)
(PRE®%(2,3/1e4)—PRF¥%¥(2,4/1.4) )*%,.5
(2.0%PRFI%E] o6/1e4)~2.4%PRF%%{1.0/]. 4))/(2 S*GAMPRF'
V(16 )} A2DGAMPRXPRF/CAMFRF
~(V(16)=82C19)/V(55)

L."

-32516/VI83)
BE63)EVILA)/(2.C2V(EL)) .
V(16)*(B(hé)*ﬂ(112)+8(67)*ﬂ(113))/(2 0*V(81))

-8069)

2. 0*“(7()*(V(27)/V(4))**2

1.0

FORTRAN H EXTENDED

B(69)*(HZlZl/V(Z?l+2.“*8(7l)*V(27))

B{69)

—BUT72)%R(109)

~-8(72)
1.9

B(72)1%V(15) /VI53)

{21055G-347060%V(4D)}/VI6)

~B231G

.=BETI2)RVL5)*R2223 . .
1.070v2T7)4VI16) )

B2317%V(40)

-nzslo*(x.a—V(ae))

1.9

1.0

=-A(24+33)
Q. B8F¥{VIIDI+VIL2))/7V(L18)
—R{T4)%(V{4T)+82425)

3.092/

1.0+

aNnro9420
GCneg43n
NCcC09432

Q0¢C%434 . .

AGr9435
00509440
00¢€35450
NNCN4EN
ocCYsalt
nCr6G5480
CnLnsS48s
a0Cd9490

. 3acrossel

RO ——

TBUI4)RV(1B)#VI4T7)*B4A3/V(22) o
=B{T74)%V(18)%VI4T)%{3.0-843)/V(T4)
~B{T74)%V{49)}%B1919

= BIT4)%VI49)#V(25) /{2.0%V(95))
; Co2%V(78))
1.07(v(85)=-v(78))

et s e v bt e i L amintn it e e ey A0

BUBI)*(1.0+.0C2%V(TR)I*V(18B)*%0.8

0a0Ngs510
0neNYs20

. 0r299s530.

nrroses40
CLrGYssl
09560

DATE 73.264/19.53. 40

anragsI0

Ongrgssn

06006560

Ou(lC96COH
n2CO9410
00ca962D
GGLH9630
ArrN96490
CCCA9€5C
0NrNased
CLCnY6TC
QNCLSARD
0NrGs6S0
nAnNcn9Tcy
QReeaTla
00229720

onrNaT30

naerg74n
YDLEILS)



- s0T-
Z-6v58-SS¥

TLE

VEL 2 T(
1SN 0331

FSN 0332

Nov T2 VT

ISN G335

. 1SN €336

ISN 0337

IS 0338

. ISN. 0339

I'SN (0340
ISN €341

ISN 0342

ISN 0343

"ISN . C344

_ISN 0345

SN 0346

ISN 0347

TSN Q348

ISN 0349

- TSN 035G
ISN 0351 . -

ISN 0352
ISN 0353

i JSN 0354

ISN 0355

TSN 0356

s e

ISN 0357
1SN 0358
ISN 035¢

ISN. G360

ISN.G363

ISN 0361

ISN 0342

ISN 0364
ISN 0365

“1SN 0366
ISN 0367

T AL29

TABLE A-1. (Continued)

'”"EVKEKE"_“~""”‘ '€S/360 FORTRAN H exrenoec

CATE 73.264/16.53.40

aQeNaTIn
032CSTEC

QLCL9Ts0 L.

coCo980c
Q09810
coCo9p2¢
NOCCYRIG
NLECT964C
el s Al AT
0CLOGRED
GRcce80
ONCrSRRO
QG COIHSO
nrcsessr)
0709916
07.€2922¢
GUreass3n
QACNG4Y
CN(C9G50
0oCNsSser
Qers9Tn
AOCNSSRY
onrc9gsn
eegloogn
NeeL0Clo
v, CGL10C26

00215040
Qonlnese
0aclacer
cecicrere
0CCLCIBG

fAnLNLCY
nocLcz2o0
gir1c210

A(24,45)= -a(l«)*(V(lO\*(azazv C2427)+V(12)*62427—R(101)*V(25I- 0nCe9760
: 02427)
Al24,48)= -B{T4)%VI10)*C2427
Al24450)= ~BT4)%D2427 e e .
Al25,41)= B(15)
B2525 = B(T5)*B(T6)*V(18)/V(95)
A(265442)= 1.0
Al25,43)= 2.0%82525
Al25,45)= =BUTSI%B{TO)*(V(L1B8)/V(95) ) %*2
AL25,€1)=_~B(T5) e e e
R261S . = B(??)*BIGIQ
Al26433)=" -B2¢13S
A{26441)= B261S i
CAL26443)= -BLTT)
Al26444)= 1.0
AL 26445)= BUTII*VI25)/02,0*V(9S)) .. . o o . e
AL27,410)= =v(I8Y/V(SL) ’
AL274945)= VI T8)/VE55)
AL2T446)= 1.0
B2822 = B(82)*V(8)
A(2H,38)= =N ,8%82822/V{53)
B2R23 = 1.0/1v(80)-V(85)) — - e
A(28+39)= BR(82)#V(8)*(0,8%B2223~ vtlss)*ezeza)
B28B2S5 = R(B2)%*V(LN)
Al29,43)= 0. 8*B2R25/V(18)
Al28446)= azszs*(n2427 c2427)
A(28,47)= 1.0
Al2B,48)= azazz:azezz+ezezs*c2427 . R . .
B2925 = 8{83)xv(12)
A(29443 )= N 8%*R2925/V(18)
" A(294.46)= B2925%R2427T-B(83)%02427
v491= 1.0
Al(29,50)= B(R3}*N2427
8303 = B(8B4)%V(4T) e e i,
373 = 8363%V(17)
A(37,5) = =C333%B437V(22) ,
A{3),7) = =C323%(3.3-B43)/V{T4)
A(32 1.0

151)=

€ 10220

. arciec3n,

. ceclreoar

[ VY

e et o



vo1

TABLE A-1. ~ (Continued)

LEVEL 2 (NOV 72 ) . EVALAB CS/360 FORTRAN H EXTENDED DATE 73.264/19.53440
ISN 0368 . R303L = B(84)*V{9) 0001€230
ISN 0369 : 3031 = B(34)%V(11) nrN10240
1SN G370 . AL30,54)= -B333-0.8%(B3031+C3031)/V(17) : 00010250
U XSNO3TY. o B3033 = 0,002/110.3+0e002%VUTT)) o SCRL0268 o .
ISN 0372 €3733 = 1.0/7(V(84)=VI{TT)) : eOHN102170
1SN C373 03033 = BLIA)%LL e+ CO2%VITT)INVILT)*%3,8 ancio0280
ESN 0374 . A(30,57)= -B3031%(R3033-C3033)-C3031*03033+B(84)*(D3033¢8(102) ac162se
N S | ‘ *V(13)) fOCL10300
1SN 0375 Al30,56)= -B3231%C3033 _ ~ CCi14310
e TSN C3T6 ___ AL32,61)=. -R(B4)%D3333 e e e 9D01032G .
ISN 0377 A(37,63)= BIBA)*B(LN2)%V(TT) . crni10330
1SN 0378 Al31,52)= B(85] 06016340
. ISN-€37S . A(231:53)= 1.0 _ o . ¢oo103s0
ISN 03940 ALRL,S4)= 2.6%8(85)%B(86)*V(iT) N001G360
1SN 0381 AZ31,67)= -B(85) , : COC1r370
o —— VSN.D3E2.  a(32454)= -R(3T) .. ... —— e e .. COCIO038C
n 1SN 0383 TUAL32,55)= 1.0 S 90931¢360
¢ ISN 0384 S A(32,63)= B(87) : COT10409
@ . ISND3RS . AU33452)= -V(ITV/VISO) . nroLr410
Y 1SN 0386 7 Al33,56)= VI77)/V(94) 0671429
v ISN 6387 A(33457)= 1.0 : G5CLN430
Do ISNG3BR 0 R3422 = BL92)*V(T) . e e e e e D AU ] hab ¥ 7Y S
ISN <389 , Al34,3E)= =C.3%83422/V(53) : 08218450
ISN 0390 CB3423 = 1.07(VI85)-V(84)) : . : 00010460
L BSNOBOL . . A(36439)= -B3422%(B3423%V(156)-C, 8%n2223) , fNCL04T6
- I'SN-£392 © B3431 = BL92)1%V(9) Crr1G6AN
ISNM0393 A(34,454)= 0.8483431/V(17T) v : CLnLr4Gn
G ASN 0394 _ o A(34957)= B3631%(R3C33-C3033) ... . e L GOCLOSNO0 . o
ISN 0395 Al34,58)c 1.0 " 0rn 10510
1SN G356 : AU34,55)= B3422+B3423+R3431%C3033 0001C520
_ TSN 0397 ~ B3533 = 8(93)%V(1l) : 00310530
/" ISN. 0358 ~ A(35,54)= 0.8%B3533/V(LT) 0CCLC540
1SN C399 A(35,57)= B3533%B83733-8(63)*D3033 ‘ Orc1C550
e ISN 0GoN L AL35,460)= 1.0 : e e e e e e e CATLGSED
; ISN 6401 A(35,61)= B(93)*D3033, : escic57C
, 1SN N492 . AL136452)= -B(S4) onc10S€e9
o ISN 0403 p3632 = B(95)%V(13)*%2/V(94) S CGT L0590
P [SN Q4G4 : Al36,56)= “B3632%B(94)/VI94) : : €010600




e

Babimmorve Larinse

i TABLE A-1 (Continued)
; LEVEL 2 ¢ NoV 72 ) EVALAB 0S/360 FORTRAN H ExTFhDED
o TSN 0405 . © . Al36,62)=8.0
R ISN 0406 A(36,63)= 2.0%R(94)%83632/V(13) .
oG ISN 0407 CAl36,65)= B(94)
82 1SN 0438 _ AU3T,27)= B(9E) R
wg ISN 0499 A(37421)= B(96)
“ & 1SN C410 Al137,63)= =-B(S6)
%%rﬁ ISN 041Y . . Al37,64)= 1.0
o ISN 0412 Al37,6%)= -B{SE)
’Eaéé ISN 0413 Al33,5) = -B{97)*B(110)
1SN C4al4 A(3B,43)= BUST) . .. . )
€17 ISN 0415 Al33,54)= B(9T) ‘
' ISN 0416 A(3B8.,66)= 1.0
ISN Q417 _ Al38,65)= B(Y7) -
ISN 0418 A(39,65)= B(98)
1SN 0419 A(39,67)= -B(98)
D .. ISN 0620 83939 = 2.043(98)*B(99)%(V{IIN/VIL])Nx2 S
a ISN 0421 A(39,68)= 1.0
R ISN 0422 A139,65)= B3936/V(33)
Ut ISN. 0423 .A(4{7.7l)= VIT3)/VI96K)
S8 ISN 0424 AL4D465)= =V(T79)/VI52)
i ISN 0425 ALGD,T70)= 1.0
, _ISN 0426 ___ . B4132 = VI96)/(V(13)+B(105)%y(94)%*V(33))
ISN 0427 TA(GL1,56)= ~R4132%V(13)/V(94)
1SN 0428 B4l3é = VI96)/(VI33)+VI13))
. ISN 0425 __ A(41563)= -B4136+R4132
TSN 043G Al4l,069)= —B«lBéfB(ICS)*B4132*V(9~)
ISN C43i At4ls71) = L.C
TSN 0432 A(4248) = =BULILS) . | e e —
ISN 0433 - AL42,72)= 1.0 :
ISN 0434 A(42,75)= BLL15)
ISN 0435 A{43,1L)= B(116)
TSN 043¢ Al43,12)= BL1C6)*BL116)
ISN 0437 A(43,16)= B(L16)
1SN 0438 __ AL63,36)= BULLIGY e e e
1SN 0439 Al43,74)= 1.0
ISN 0440 Al43,73)= -B(116)
€ KAL1 DETERMINES WHICH ONE CF SEVEN INPUT PARAMETERS 1S USED.
C PUT ZERY IN A=MATRIX INPUT COLUMN 76 FOR MULTIPLE INPUT RUNS

TDATE 73.26€4719.53.40

eeGl0610 |

caclo620
2GC1363C
Corice4qs
0019650
CCC1GHED
orc1n670
CcClcerC
CL.CLChSH

. 07T10710

0oClCT20

C10T73)
aGC11735
CHECLRT40
COTLICT5D

63210776
gecioren
02715760
cecigace
cerlneatn

crelns2c

€0210830
CnClc84c
03C1CRB56
73130860
CRCLCARE2
0CLlrael
nNC1NBEs
€aG10869
Cl 1LR7C
NrrLnaTlL
oenliont?2
0NnC1c873

CG1n814
cnr1cars
crridnsy
cralnNAR2

OlC1CTeD ..

4 o b bt i b e
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{ NOV. 72 )
o 1SN'0441 o 1ce
ISN D442 160
TSN 0443
- ISN 0844 11
ISN. 0445
ISN G446 12
L[SN 0447 o
ISN 0448 13
1SN 0449 '
ISN Q4S04
ISN €451
1SN 0452 15
ISN 0453 .
1SN 0454 1¢
ISN 0455.
o ISN 0456 1
» - c
c
- ; c .
ISN 0457 18
ISN €458 19
_______ ISN 0459
iSN 0460 20
ISN 0461 ‘
ISN 0463 3
ISN G454 21
ISN 0465
. ISN C4h6___ .24
ISN.C467 26
1SN 0468 27

sim 4T o v bt e ot ot o ¢

TLEVEL 2

" EVALAR

DO 170 J=1443 .

AlJIyT76)=C.0

TABLE A-1.

(Continued)

GO TD (11412y13414915,16917)4KCLI

A(ls76) =
6N T0 18
Al5,T7¢6) =
Gad 70 18
Al3476) =
GO 7O 18
Al21,706)=
GO TO 18
All4,76)=
GD TN 18
AlLLT,76)=
GO 10 18
A{39,7¢)=

SUALE

PRINT INPUT COLUMN,

SCALE

B(6S)#B2121#V(160) /VI4)#SCALE __

B{S52)*B1l414*V{158) /V(2)#SCALE

B3939%V(1€1)/V(1)*SCALE
PRINT MATRIX A IF INFLAG

WRITE(6,19) KOLIZ(A(I+76)41=1,43)

FORMAT(*QINPUT COLUMN VECTCR FOR IAPUT NUMBER',I3/7(1P17E11.3))
WRITF(64,20) (IDVIJ) +J=1476)

"€s/360 FCRTRAN H EXTENDED

2.0%B(21)#B(22)%V{157)%V(22)#%2/V(3) **3I*SCALE

2.0*B(59)%BLT1T*V(155)/VIS)*SCALE

ISN'T TwaO.

FORMAT({*CCCLUMN IDENTIFICATICN VECTOR*/(* *,4C012))
GO TC 28 . ’

IFUINFLAG.EQ.123)

WRITE(6,21)

FORMAT('CMATRIX CF COEFFICIENTS®)

NO 24 1=1,43
WRITE(6,26)

l'(A(l'J’,J=1'75)

FORMAT( ¢  EQUATION',I3/(1P10OELL.3))

FORMAT({ *CA/AICCVI=*1PELL.3,*

A/ALFPV)=1'E

11e3,*

A/A{MFV)="Ell.3,

[ e

" CATE 73.264719.53.40

00010884
COC1C8E6
00N1C8sc
cocCicsce
0Na13910
CCn16s20
05H21C930
0rn1L940
0rGC1395)

Q0oC10970
cacicsed
cNe10990
cL7117480
(#1603 B Kol ¥
. ciciican
06011530
6711043
00611150
CG11060
~CGr11570
00211380
ca01L1660
gcerrice
noeLLLLY
02C11120
crRNLlLLS)
Coclller
DICLLLTD
cNC1L1L80

CQUTC4) =¢20G1LLLSD

1' AZA(MOVI=*ELLe3,y" A/A(CFVI='ELL1.3/" C* ='Elle3y"
2F1143,% DO(TCS) ='Flle3,y* DQIW14) ='E1ll.3,* DA(WLS) =*ELl1.3/
3% DOIW24) =',Eile3y* DGIW25) ='9yELll1.3,* CW(4) =4,Ell.3,

4% DW(S) =1y Elle3, ' DWICN) =',EL1.3/* CWIFI) =',Ell.3,

59 DW(FN)  =%yELlLle39 ' DWINMC) =*E1lL.3y' CHIOI) ='yEll.3y

6t NW(UNS) =1,F11.3/" NDWICCV) =*,EL11.3,4 CWIFD2) =*,F1l.3,

T DA(FPF) =%yE1lle3," DWIFPC) ="9ELlLle34* CWIFTL) =*yE11.3/

B* DW(FT2) =¢,El1.3," DW(NMCV) ='4E11.3y* CW(OPF) =*,Ell.3,

occLL200
neci11210
angel11230
00Cl1240
ocri1250
00C1126)
eneclL127cC

00C1C9¢q.

44—t o ot e ot

[ U ———
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TABLE A-1.

LEVEL 2 ( NOV 72 )

i .9 DWIOPQ) ='3ELll.3, ' DWIOP3) =%,E11.3/"
A' DW(OT2) ='4yE11.3,' DWIFNBP)=",EL1L,3,"*
R* DW(OPOI)=',EL1.3/" DW(CTPR)=*,E11.3,"
CY EL(OPO) ='sELlle3y* ETTT2S) =*5E11.3,"
DY FTL1S =',E11.3,' FT2S =0,ELLl.3, "
E' GF2. =0,ELle3, ! G(O1)  =¢,ELLl.3/"
i - FU HE3) U =%,EL11.3,' H{4) =0 ,Ell.3,"
G P(4) =1,E11.3/* P(S) =9,E11.3,"
H* P(C) =y Elle3yt P(CIES) =*4ELLlu3,"*
e I* PUFP)_.__=",ELlLl.3,"' P(FS) =0 ,ELll.3,°*
J¢ P(OP)  =1,E11.3,% P(OS)  =1,ELi.3)
"ISN C46S 29 FORMATL' P(OT) . =*,1PELl.3,* P(FOL)
J 1Y PIODLY  =',E11,3,* PLOD2) =1,F11.3/°
2% PIPOS)  =9,E11.3,% P(FPCI) =*,E11.3,"
30 P(OPOL) =*4,E11.3/' R(FP)  =%,F11.3,"
e L &Y SUFLY L =%3E11e3, S(F2) . =',Ell.3,"
50.S(02)  =',ElL.3y' T(4) =14ELll.3,"
6! T(5) =0, E11.34 T(C) =',El1.3/"
7¢ TUFP) - =9,Eil.3,* T(OP)  =9,EL1.3,°*
8' TWL{S5) =',E11.3/¢ TW2(4) =*,ELl1.3,"*
9% WIDI) . =',FElle3,' WIFPOI) =",EL1.3,"
AY ETA(FT1)=*,Flle3; % ETA(FT2)=1,E11.3,"
. BY RHO(4) ='3Elle3,* RHOI5) =',Ell.3/"
CY* UPLFPL) ='yFE11.3," UP(FP2) =',ELl1.3,"
ol —— DY YP(FT2) =14,EL1L.3/" UP(CPL) =%,EL1l.3,"*
E' UP(UP3) =',E11.3,* UP(CTL) ="yFll.3,"*
FO PUI(FPL)=",ELLl.3," PHI(FP2)=",E11l.3,"*
G' PHI(OPZ)="4ELl.3,' PHI{CPR)=",E11.3/"
H* GM(EQL) =*'4EL1Ll.3,* GNIPFPL)=",EL1.3,"
I* GMITFTLI)=',EL1L.3/" GV(PFP2)="4E11.3,°
S S Jt GMUTFT2)="4E1L143," GNM{PCPL)=*yE11.3,"
ISN 0470

EVALAB

(Continued)

"7 0s/360 FORTRAN

H EXTENDED

CWLOTL) =',El1l.3,
CHIFPOTI)="yELlL.3,
E(FPQ) ='4Ell.3,
FITC)  ='4ELLl.3/
G(Ff{ =',E11.3,
G(62) =',E11.3,
Hi{4) =',E11.3,
P(9) =V, Ell.3,
PIFI} =¢,ELlL.3/
PLOTI) . ='9ELll.3,

=0, E11439% P(FD2}

FlOD3) =%4E11le3,
P{MFVD) =%,Elle3,
R{CP) =V, E11.3,
s(ol) =0,E11.3/
T(S) =, FE1l.3,
T(FI)  ='4Elle3,
TAl(4) =t,E1l.3,
TW2(5) ='4ElLl.3,

w(NPOI) ='4E11.3/

ETA(NT2)='+E11.3,.

RHO(9) ='4ELL.3,
UP(FTL) =*4EL1L.3,
ueinp2) =*4€11.3,

Up(arT2y) =¢,E11.3/
PHI{OPL)='yE11.3,

PEINTLY="yEL1Ll.3,
SGM(TEPL)="4ELL.3,

GM(TFPZ":' vE11e3y
GMITOPLYI="4E11,.31)

CATE 73.264716.53.46

05011280

ccal11250

cnCL13CO
- . @GZcli3le
eodl1320
£nN1133n
0N2113492
CCCl11352
oc11360
00311379 .
£n911380

=V,ELl1.3,00C113S0

e COCLL4SO

02C1142C
n001L1410
00C11420

o OCCI1430.

€0Cl1440
A4511459
nCreL14€0
CCllr1478
« 03C11480

cogllsne
0Ca11510
00011520
crclis3o
0oo11549

.. 0NC11550..

QCCl15€e0
€0T11575
0o0c11589

30 FORMAT(® GMUTOTL)=',1PEL1+34" GN(RGT1)=",E1143,* .GMIPUP2)=*yE11.3,02C11590

ot semt— e e

LY GMITOP2)=*yFlLl.3,* GN{TCP3)=*,E11.3/" CGV(PCP3)='yE1ll.3, c3Z116CC
: i o 2% GMITOTZ)='9EL1L1e3, " GN(FPV) ='3ELL1.3y" GU(OPV) =*yELlLl.3y .. eccLLele .
: T3 GM(MOV) =*yEll.3/" GM(NFV) =%,E11.3,"' CGM(CCV) =',E11.3/ COCLLE2C
4* PARTIAL DERIVATIVES*/* GM{PFPL)/PHLIFPL) =*'Elle3y CCCL1630
S GM(TFPLY/PHI(FPL) =9E1l.3," GMITFTLI/ETALFTL) ='Ell.3/ C2r11£40
6 ='Ell.3, (s1s 100 § X1

GMUTETL)/P(FIN/P{5) ='ElLe3,* GNMIPFP2)/PHI(FP2)




801
- 2-6V58-SSY¥

TABLE A-1. (Concluded)

TLEVEL 2 ( NOV 72 )

TOISN Qa7

EVALAB

7¢* GMUTFP2)/PHILFP2)

8% GM(TFT2)/P(FI)}/P(FPI="E11.3,"

S GM(TOTL)/PHI(CTL)
At GM(ROT1)/PHI(CTL)
Bt GU(TOP2)/PHI(CP2)
C* GM(TOTZ2I/ETALCT2)

DY GM(POP3)/PHI(CP3)

EY GM(PR)/PIFIN/PLCP)
F' GM{P)/P(FI)/P(FP)

G GHITR)/FLTC)
- HY GALFPV)Y/X/XFPV)

' GMIMNV)/X/X(MCV)

_Jv DWLOSE)

=4,E11.3,"
123

INFLAG =
. ISN 0472 28 RETURN ,
o ISN.CAT3___ - 32 CALL EXIT.. .. .. ..
o ISN 0474 sTap :

- ISN G475 . END

CS/7360 FORTRAN H EXTENDED

='E11.3/" GMITFT2)/ETALFT2) ='Elle3,
GNM(PUPL)/PHIOPL) ='Ell.3/

=VE11.3,* GMITCPL)/PHILOPL)  =TEll.3y
='E11.3/' GVMIPCP2)/PHI(OP2) .. ='ELLl.3,
='E11.3,¢ GMITUF3)/PHILNPI) =¢tELL.3/
='E11 3, GVITOT2M/PIFI}/PLOP)="E]11.3,
='E11.3/°' GM(T)/FICPL ='Ell.3,
c=YE1le3,' CGMITY/ FICP) ='El11.3/
='Ell.3, " GMIFR)/PICH/PIFI) ='ELll.3,
='E11.37 GMUMFVI/X/X(MFV) . ='Ell.3,
='E11.3,' GMIGPVI/X/X(OPV) ='Ell.3/
=1F11.3,"% CVN(CCVI/X/XECCV) ='£l11.3/

P{OS:) ='Ell.3)

- e g et s et

DATE 73.264716.53.40

COCl1660
cacLie70
00C11¢80
S erC116ST
crci17eC
coC11710
;o gor1i72e
00011730
CCC11740
12100 B W 414 SN
0GC117€0 )
CICLLT7G
onri17€0
CCCl1183C
cofllBar

. LCC118%4S . L.

CCCl1847
co011850C



APPENDIX B

DESCRIPTION OF THE SSME ENGINE FREQUENCY RESPONSE PROGRAM
INTRODUCTION

The SSME Frequency Response Program is based on a production routine developed by
Rocketdyne for the purpose of providing frequency analysis of a system of linear
equations containing nth order derivations and constant coefficients. The program
has the capacity of handling 50 equations with 100 coefficients each, and produces
tabulated values and graphic plots of the gain and phase as a function of log fre-
quency for specified variables with respect to the input variable. The frequency

range is under input control, and can be spread or clustered as required.
METHOD

The basic assumption is made that a linear system may be presented with only one

,9- input, Y,
(! |
"2 0% + b5 + G c. s2 4+ b, s +c 1 1 RE s+ b.s + ¢, ]
11 11 11°°°°°* "1n 1n”  TInp 714 |1 1
3 . S% 4 £ S+ Cirininea SS¥b s +c X as>+bs+c
L%01° 7 "nl® 7 tplttcc ' Lnd U'n’ n n-

nl nn nn nn «
which may be written as:

: 2 12 | SO
[aijs + bijs +:€ij]'”'[xj] = [?is +b.s + ci] Y

NOTE: The form [a Sl le + c ] [x ] = [a s+ b's + C, ]
is simply an arraﬁgement of all equatlons so. that only the
independent variable (Y) and its derivations appear on the

- right-hand side of the equation; the arrangement may be per-:
formed on any 11near system of equatlons.,

e | i - T RSS-8549-2
R o : : 109 o



(For simplicity, the Lapiace operator, S = d/dt, of higher than second order, is
not shown, although higher orders are allowed in the program.

If the Laplace operator is defined as S = jw, where j = /-1 and w is the frequency,
the coefficient matrix may be rearranged to provide a real matrix and an imaginary

matrix:

([ o ea] + 30 Pus]) [ms] = o o o] = 30 o]} ¥

Values-specified for frequency‘(w) are then inserted [as requested by input cards]
and the system is solved by a complex Gaussian elimination subroutine (COGAEL).
The solutions for specified dependent variables at all required frequencies are
the output of the program; The output'cohtains (1) the values of all dependent
variables at the lowest of the input frequencies (magnitude and phase), (2) values
~ of specified dependent variables at each input frequency (db and phase), and (3)
graphic plots of db and phase versus log frequency for the specified variables.

It should be noted thét the'valueé of the independent variables are normalized to
a unit value of the input variable. That is if the frequency response of pump
dlscharge flowrate (unlts of 1b/sec) is determined with pump suction pressure as
psi. In this case, the term ”db” is taken to be 20 log(x) where x is the peak-
to-peak value of the output divided by the peak-to peak value of the 1nput with
units as stated in the nomenclature list.,

LANGUAGE
- The program is written in the FORTRANﬁiViCOmputer language. Graphical output is

based on the Rockwell Internatlonal -§-C. 4020 Slmulatlon Routlnes whlch utilize a -
Stromberg-Data graphics S-C 4020 output device.

g
gt

RSS-8549-2
110




Reference to these routines may be found in Engineers' Computing Manual, Volume
IT, Section 225, System 360/FORTRAN, published by Rockwell International.

Listings of the frequency response program and subroutines COGAEL (the complex

. Gaussian elimination program) and TDPLOT (a plotting subroutine which interfaces

with the S-C 4020) are included in this appendix (Table B-1 through B-3).
The coefficients for the frequency response program are dependent on the values
used in the engine balance. An additional subroutine computes these values and

is discussed in Appendix A.

Insertion of Data

The data input cards and their formats are presented in Fig. B-1. The format is
self explanatory. The values required in namelist "V" are obtained from engine
balance information. A set of values for the current 109 percent engine balance
is shown in Table 2, 4 '

Restrictions of the Frequency Respohse‘Program
The following are the program restrictions:

1. The progfem using logarithmic frequency spacing will generate up to 8
decades plus 3 frequenc1es or a maximum of 60 frequenc1es

2. The total number of frequenc1es input as spare frequencies plus those
implied by thewtnlthl-flnal frequency range values cannot exceed 60,
Zero is an illegal valﬁe for frequency.

3. A max1mum of 50 equatlons and 100 columns (including the 1nput column)
can be solved with the present dimension statements. To ensure econom-
ical as well as accurate evaluatlon of the equatlon sets it is necessary.

- to minimize the number of equatlons. (In this SSME engine evaluatlon,
95 equatlons were reduced to 43 by e11m1nat1ng varlables whlch were

RSS-8549-2
111



algebraic and/or would not be measurable quantities in the engine test
program. By algebraic elimination of these variables, the system effects

remain, but the cost and accuracy of solution is improved.)

" The data sheets must be filled out exactly as shown for the example

shown in Fig. B-1. Numbers which are written with no decimal point
are being read into an "I' format. These numbers must be positioned
exactly as shown in the sample problem. Numbers which do contain a
decimal point are being read in with an "12,0" format. These numbers
can be positioned anywhere on the line in which they are written, pro-
vided a decimal point is supplied.

'RSS-8549-2
112
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XIFTVAD W00d d0

3
- Z-6bS8-SSY

CLEVEL 2

( NV 72 )

TABLE B-1., FREQUENCY RESPONSE ROUTINE

""€S/360 FORTRAN + EXTENDED

REQUESTED DPT!ONS MAP,DECK.L!ST.XREF:HPT-Z

OPTIONS N EFFECT NAMF(MAIN) CPT[MlZF(?) LINECFUNT(QO) SIZE(MAX) AUTOCBL{NONE)
SDURCt EBCNTIC LIST DECK CBJECT MAF NCFORMAT GOSTMT XREF ALC NOANSF NOTEFYINAL.FLAGLIL). .

- - c FREQUENCY RESPCASE RCUTINE cocacean
... 1SN 0Nn02 DIMENSTCN  0M{63)y 0MSCPS(60).H(60). CMS(60), 10(220), 00000540
S 1 CPISCy1D2) yLXI(3), 1102), JL(3), CT(3), AT 6ICG4S
2 . CUSC4200), TITLEL18), DI10%), XMAG{51 )y  NO(52), GOLN00%50
B CXREAL(SD) s XINAG(SD),y GAIN(6D), FAZE(AI), VARR(SC), O0OCOCRED .
‘ _ " VARI(SO)y ' IDF(LB), PHAN(iOgbO).DECB(%O,hC)~ £oLonnic
ISN 0003 COMM4ON [CRT,C,10 /EVAL/ TITLE GOrGRGSE
L ISN 0024 DELTA(CCOLFL) =1.0 -ABS(CLFLFL)/AvAx1(Aaslnon1FL)..140q367945 38) ¢oceTLnr
1SN 0015 UNIT(QOO2FL)  =0.5 + SIGN{ C.5,DELTA{QUO2FL) + QDO2FL¥(1.2-DELTA(QCOCLINLLG
w : 122FL))) greagl2e
_ISN_Qcerne THETA(QUO3FL pQ074FL) =(180.7%(1,C+UNIT(QNS3FLI*(1,9-2."*UNIT(QCC4AFCOC3012C -
‘ LL) D)+ SIGN(Le0sQO03FLEQCC4FL)* ATANC{(ABS(QOI4FL)%{1.0-DFELTA(QNO3ANTTTLA
2FL)) )N /CABS{QIC3FLI+DELTA(C O3FL) ) A (183.0/73.141593)) * (1.I)-NELTAZICLDLSED
o 3(0I3FL) )+ 18I CHADELTACQOCU3FL)*# (L O-DELTACCCCAFL)I* (5 +UNIT(-Q0CACACCCLED
; S 4FLY) ancncLn
4 €007 © .71 READ(5,+2) TITLE coeseles
*_JSN,stﬂnm“M“mﬁ“.ZﬂFOQMATl1864) . cocaerse L
‘ "' I's NECESSARY TC ZERO MATRIX STORAGE SPACE ccean2ce
ISN €008 10 b0 2i04 KK = 1y .50 naCoz2Ie
1SN 0010 Spno2301 LL=1,102 . rerec228
ISN 0011 2001 CP(KKsLL)}=0.0 nNreac2ic
1SN 0012 DO 2302 LL=1,2C0 neererse
S ISN 0013 2002 CUKKGLLYENG0 s e e e e e CORCu260 e
ISN 0014 DO 2004 LL=1,60 cener3o
1SN. 0015 PHAN (KK, LL)=0.0 02027320
ISN 0016 2304 DECA(KKyLL)=D.0 garnciac
ISN-D017 » READ(Ss 120 INWsNRoICRT yKEC, TRIG o IRPS ,CMI 4 CMFL 0CCuC348
1SN CC18 120 FORMAT(112,112,13,16,F2.0,110,2F12.0) fCNoncase
ISN-AQYI9 7 IF NW LEQ. D) 60 TO - 1218 crRestlen EORE
ISN 0021 - IF( NA oLE. 65 ) GC TO 1216 oncen3ne
1SN .0G23 CWRITE(69122) : rocee3an
ISN 0024 122 FORMAT(1H=-, *NUMBER OF SHUFFLED IN FREQUENCIES EXCEFEDS 60') gnencase
1SN An25 €0 10 S

DATE 72.264/15.53.01

treltace
]
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b

LEVEL

1SN

ISN
ISN
1SN
“ 1SN
1SN
"ISN
ISN
1SN

. ISN

TSN

1SN
SN

1SN
" ISN

i ISM

ISN
“ISN
ISN
ISN

ISN.

. ISN
~ ISN
ISN
. ISN
ISN
1SN

._.....__._ISN'

ISN
CISN
ISN
1SN
ISN
TSN
ISN
1SN

_TABLE B-1. (Continued)

2t NOV 72 )y , MAIN €S/360 FORTRAN H EXTENDED
0026 1216 READ(S5,121) (W(l), I=14NW)
t0027. 121 FORMAT(6F12.0) ) .
cc2sa 1218 IFL NR JLE. 220 ) GC TO 122¢C
09230 L WRITEL6,123) e e,
(Jek) ! 123 FORMAT(3CH- NUMHER OF COLUMAS EXCEEDS 200)
0032 G0 10 9
0023 . . 1220 CALL EVALAR i o
QN34 IFINSKIP.EQ.1234) G0 TO0 60
ne3e IF( KEQ .LE. =o )' GC 1O 1222
0C38 L WRITEUS4124) - o L
€039 124 FOPWATISX.'NUMBER OF EQUATICNS EXCEEDS 50%)
Qc40 , G0 .YC S
0041 . .. .1l222 IF( OMI ) 1666, 3, 1675
0N42 '3 WRITE (64115)
0043 115 FORMAT(® INITIAL FREQUENCY 1S ZERQ')
0044 ... . .GU YO 9 i e e . -
0045 1666 0MI= ABSC(OMI)
CG46 1667 OM{1)=0M]
Co47... ... o Jd=2
0C438 11668 OMUJ)=2.0%CMLJ=1) i
CC49" IF(. OM(UJ) +GE. OMFL ) GO TO 1670
G051 _ N T L I T U U LRSI
cns2 GN TO 1€¢€8
ons53 167C CM{J)=0OMFL
0054  _. - NOM=J - .
0055 S60 TO 17T
0nss 1675 J=1
00571, NSO -
o058 M=-1
0059 ==1.0
0060 v R=0.1 o
0061 .4 IF( OMI GEe R ) GO TO 8
0063 - - M=M-1 =
Cf64 o R=R/13.0 —— R R
0065 . GO TQ 4
an6E 8 K=1

_ c NEW (ARD--INITIAL!ZATION OF L
0067 :

~ISN

L=0

CATE 72.2€4/16. 53 o1

- AC700410
€0CC0420
072004306

60003440
£5500450
£GCC C4 €0
erren41e
0Nr0C4 A2
€ON00450

.. -gcreeeesce

CCLEes10
GCCC’SZD
60645530

. Offfﬁﬁéf
. 80210545
. 812G63358¢C
6Ccoasen
£Qncasia
CHCGO5ED
£LCCC55C
gacensno

. 00C2C6L0 .

corcnre2c
0003C630
JSCL0640
CRCCChED
grrile6l

e g - ren o et

L 60€06678

eNecce80
rrecCest
GOCCATCn
accecrac
caNBI730

CLINTT40Q
coLra7s9
Cl0CLC760
ceean77e
cccocreo

..... e+ e o A e o
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"DATE 73.264715.53.01

coccgece
cccccenc
00C0882C .. e
Aneces3c

00CuG84t

geocessa

CCrCo860

cnereceso

v QOCCCHBY

€22cC8s0e
rcincace
0neces10
gnnacsan
2aCCN93n

e Q0003946

coccosse
CCLroGed
(DNl l [ ]
£eenceed
- €OCCCs9s0

e QCSC10C00 L

ceeciceld
onecoLN2n
gcielcao . .
€2 C1n4C
0CCcl050
€CCC1Ca0

creolnte
gorLlsec
ccrliese
eccculaod
ogtelllo
c¢coliea

encciiae
0001140
ICCO1LEC . Lo

‘U-q‘ '.""I.
(!
e
TABLE B-1. (Continued)
LEVEL 2. ( NOV 72 ) MAIN 051360 FORTRAN H EXTENDED
ISN 0068 12 OMUSI=UNITIT)*(((2. 0**LI*3 O*10,0%%M)/2,0)+UNIT(~T)*(2,0%%L )*10.C*00000790C
LEM
ISN 0066 IF(T)24,24,23
e JSNLQOTQ_ 23 L=L4L e ‘ SRR S
ISN 0071 24 T=-1 '
ISN £072 ¥ IFIL-2)2¢€,27,25
ISN 0073 . ‘' 27 IF(T)26426425 ——
ISN 0674 L25 L=¢
ISN 0CTS T==1.0"
e ISNODTE L M=MA] L e
1SN 2077 s 26 GO T4(1ll, 16)'
ISN.JC78 ’ LL FFCaM(L1)-0MI)L2,15,13
SUSN-QO79 L B3 CMU2)=0MOL) L e e i,
ASN 0CSsC cMi1)=0MI
1SN Ge8l . d=3 e
e o ISNDOB2 . K=2 -
ISN 3083 GG T0 12
ISN 0044 15 OM(1)1=0M1
... ISN 0085 e R e e
1SN 008¢ F 16 J=Jel
ISN C087 .. IF(ON(J-1)~- 0MFL)12;18.18
L JSN 0088 . 18.:04(J-1)=0MFL. _ . s ot e i e e i
ISN 0089 NOM=Jg=1
ISN 0099 17 J=1 : :
LBESN 8G9 o CUIFINW)I2B42B842S. . L. e e
ISN-C092 28 aMs(di=crty)
ISN 0093 IF(uMS(J)-CMFL)30:32y32
e ISN Q0S4 30 d=UtL.
-ISN €095 IF(J 6ﬂ)26'28.45
ISN- 0096 25 N=9
ISN €997 . 1 1
ISN €098 35 K=J#N
ISN- €099 ‘ CEFLOMUJ)-HWI(T) )204034,434
ISN. 0190 20 JF(J-NOM)I33,32+34 .
ISN G101 - 33 OMS(K)=0N(J) .
TSN C1C2 J=Jg+1 v :
- ISNO1C¢3 ... .GO TC 35 . e e e e e o bt e
OMSUK)=4W(T) .

ISN

o104 34

goccll el



9T1
Z-6158-SSY

TLEVEL 2

UNev 727)

ISN 0105
ISN 0106
ISN 0107 37
. IsN o138 .31
ISN 0109
ISN 110 36
ISN 0111 . .
ISN 0112 38
ISN 0113 380
. ISN C114 e
CISN G115 45
ISN 0116 117
_. _ISN G117
"ISN 0118 32
"ISN G119 431
_ISN. D120 432
ESN- 0121
. ISN 0122 43
.. ISNC123 _ .. 39
ISN 0124
ISN 0125
_ISN 012640
ISN 0127 “1
ISN 0128 42
. ISN 0129 .. .
ISN €130 6¢
1SN 0131
ISN 0132 15,
ISN C133
ISN 0134
_.. .. ISN 0135 _
f ISN €136
ISN 0137
_ISN 0138
ISN 0139 62
CISN 0140 65
ISN. Q141 ,
ISN 67

Cle2

_WUT)=OMFL
co TC 38

LK=0

'TABLE B-1. (Continued)

TMAIN T 77777 T@S7360 FORTRAN H EXTENDED

 N= N+1

TF(I-NW)236,437437
IF(J-NOM)31,31,380 .-

Sy e wmemmB oy e ety e mt ) oo i ey e b

I=1+1

CIF(J-NOM) 38,384,385

IF(OMS(K)~ 0MFL)35.32.32
CMFL=CMS(K)
TFIK=65)32,32,45
WRITE 164117)
FORMAT(3THLTHE NUMBER CF FREQUEACIES EXCEEDS 60)

.60 109

J=1

TF(IRPS)1432,432,43

CMFELC=CMFL e
OMFL=2.M%3,141 552 T*CMFL
IF(IRPS)29,39,4C
OMSCPS(JI=CMS(J)
OMS(J)=2,C%3,141592T%0MSCPSLJ)

6070 4l

OMSCDS(J) OMS(J)/7(2.0%3,1415527)_.
IF{GMS(J)-CMFL) 4246460
J=J+l

~GO0 TO 43

IW=1

KEJ=KEQ+1

DO 682 I oM E Qi e i e e e oo 1 e Eomremm
T1J=J+4KEQ

LS=0

LF=C
DO 320 I=1,NR
_IF(LK)7,62,61G
IF(KEQ=LF) 64464465
LF=LE+L

IM=KEQ+LF

IR=T+LS

L OPrQ1260 ...

CATE 73.264/19.53.01

¢occILT0
cocr1ies
00CoL1SC

Qrdn12Cn. e

cceir21c
cocclza2c
focGlzac
6LCCl240
ozccl2¢0

€ceal121ce
cxci12ec
riccyzso
core3ce
coegl3le
0CCco1320..
CCCr1330
¢2CG134C
02Cr1350
00CC1360
orre1370
0CCCL3RN
GOCOl350
occen14GC0
accclelc
COCCLSED
ceralssh

CoCC1T50

COnG17¢6C
oecclrr7e
coralree
QnCcol17sC
ccerleco
ccceelnlo
ccrn1e26
ce2a1839
€0<C1840
NGoCLE50

UIREIVONEI U

s A et v an ot e
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"FORTRAN H EXTENDED

DATE 73.2€4719.53.01

- .

o s e s

TABLE B-1. (Continued)
LEVEL 2 NOV 72 ) MAIN €§/7360
ISN C143 . LIFULIDCIR) ) 69468469
ISN Q144 68 LS=LS+1
ISN 0145 GO 10 67
e SN QLAE 169 JI=IR-1 S
ISN C147 C U LKsLS
ISN G148 . CREAL=0.C
ISN. CLl4g . ... . CIMAG=0.0 o o i e v i -
ISN C150 R=1,0
1SN 0151 5=0.0
——JSN.CL152 LS=LS+)
"ISN 0153 55 CREAL=CREAL + R¥C{J,IR)*(CMS(IN)*=*S)
ISN 0154 LS=LS-1
o ASN O1SS o _TFULS)T 981456
“ISN. 0156 56 CIMAG= CINAG#R*C(J.!I)*(ONS(IH)‘*(Sfl.Ol)
ISN 0157 $=542.,0 :
—_._ISN._0158 R=(-1,01%R —
ISN 0159 IR=1R=-2
ISN 0160 Ci=11-2
i JSN Q161 “m___,_"mﬁts LS=1 e e
- ISN 0162 TFILS)T457,55
ISN Cl63 "57 CP(J,LF)=CREAL
1SN 0164: CPIJd,IM)=CIMAG
ISN G165 GO T0 61
ISN 0166 64 IR=T1+LS
i JISMCLET Lt L TFUTCIR DI TO o T 0
1SN 0lb8 71 LS=LS+1
. ISN C165 GO TO 64
e ISN Q170 . 70 1I=IR-1 -
: ISN 0171 ¢ LK=LS
. ISN 0172 DREAL=0.C
ISN 0173 . DIMAG=Q.C. . .
ISN 0174 - R=l.0
ISN G175 $=2.C
e ISN 0176 L3=LS+] . - R e
ISN 6177 T72 DREAL= DREAL+R#C(J.!R)*(UPS(!N)**Sl
ISN 0178 LS=LS5-1
1SN €178 [=1+1
ISN-0180 ~lF(LS)7 63.773

Y S

¥

ocn0l1860
corclero
gerciaso

COCO1BSC . .

aneeLonn
oCCCloly
CQCCl1920
ocen193n
gait194n

C2CCLG5C

gaCc215¢60
03€C1970
acreisso
0ocllisse
occc2cco

cacéa2Cc1a . L

neeinz2c20
ancec2s3o
0CCC2040
cuea2nso
0C2N2060
enep2C10
gnra2080
0002050
oono21N6
05082110
00202120

006C2130 o

nGen2146
€oCf2150
nn0G2180
¢neaz1ra
NOCC21RD

041002199 .

05cr22c0
gncn2210
977nR2220
coco2230
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TABLE B-1, (Continued)

. L e I e A 5 i
O LEVEL 2 NOV T2 ) MAIN CS/36C FORTRAN H EXTENDED DATE 73.264/19.53.01
1SN 0181 T73 DIMAG=DIMAGHR*C(JoIT)*(OMSTIW) #*(S+1.0)) 00002240
ISN Cc182 S=542.0 . . nncp225n
ISN 0183 R=(=1.0)#*R : COCN2260
sl USNCQLRG T L EREIR=2 e e e OOEN22T0 o e e
ISN 0185 11=11-2 , _ ‘ ANeN2280
ISN 0l18¢€ : £S=LS-1 : : ' 00Co2290
ISN 0187 . - IF(LS)7463,772 R o A cAEL2300
ISN 01rA 63 D(JY=DREAL coac231n
ISN 0189 L DUTAN=DIVAG T ’ 01€62320
o ISNCeY o GR TC el . I e e e e .. C0DC0233)
1SN €191 T URTITE (64116) : 03032340
ISN 0192 116 FORMAT(24H LS HAS A NEGATIVE VALUE) , : 00Ga235)
. ISN 0193 ... GH-T0 9. . . . . _ 0G3C2360
ISN G194 61C LK=LK-1 _ : i ‘ NeCa2370
~ ISN C1s5 €1 CONTINUE : . 0rro23an
SN €196 1 320 CONT INUE __,__nﬁa;wnﬂww__",_.,m SOOI USNPRNIPRNE > 1+  of o5 112 B
o “ISN €197 - £€2 CONTINUE . nan2407
n . ISN.C198 IFLIW-1)203,303,305 gcca2710
= %@ . ISN G199 _ . 303 WRITE (6,323) . o _ 60eN2720
o > ISN 6200 N0 304 [=1,KEQ : , onNra2730
4 TISN r2C1 1J=1+KEQ , GALC2749
(S ISN 0202 . 304 WRITE (64321) 1,D(I1)yDILI)y(CPLEWJ)pCPUTyI+KEQ) 9=, KEQ) ~ . . .. OCC°27850 ...
' ISN 0293 305 CONT INUE : JICH2759
c 00022760
R I ,Ann D~VECTOR TC CP-NATRIX, SHIFT CCLUMNS OF IMAG CP BY 1 TO RIGHT.CNCR27€1
. c REAL D INTO COL. KEQ+#le IMAG D INTO COL. 2KEQ+2. onnu2762
o . N ' : ' . QnCI27¢3 :
e L SN 0204 D0 202 1.= LeKEQ _ . . .. . ... e IR Lol b & £
ISN €205 , IN = 2%KEQ + 1 - 1 crCR2775
- ISN 0206 CCUINPL = IN o+ 1 : necen27186
oo 1SN 02671 ks DO 202 9 = L4KEG . ' 0GCN278S
ISN G2o8 - ¢ CPELyINPL) = CPUJ,IN) 0572760
ISN 0209 202 CONTINUE ' naLe2765
— ISNG2Y0 L IN= KEQ ¥ ) . » e e e . COCD280Q
ISN €211 CINN = 2%KEQ +.2 , LAri28L5
ISN 0212 DO 203 J = 1,KEC 0352316
ISN 0213 CPUJLIN) = DCEI) Qnec2815
ISN 0214 - CIN.= 0 o+ KEQ L T crecze2n

e

{
{
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A TABLE B-1. (Continued)
" LEVEL 2 - ( NOV 72 ) ﬂkln CS/360 FORTRAN H EXTENDED DATE 73.264/19.53.01
ISN'0215 - S CPUJYINN) = DIIN) . e o 00302625
ISN 0216 zca CONT INUE 0fC62R33
: (o 00NN 2835
R c CALL COGAFL TC TRIANGULARTIZE_THE CrMPLEX MATRIX_ BY, GAUSS.- ELIMIN, TGTZG2836 7. .
_ c 6onN2837
ISN 0217 CALL COGAELICP, KEQ) £NCr2840
SRR OB 0N2845
c BACK suasrlrure TO DETERMINE REAL AND IMAGINARY pnar OF VARIABLES,23002846
c THEN DETERMINE MAGNITUDE AND PhASE. 0CN02047 ‘
— . C. . U T S O Q00n2848
ISN 0218 NPL = KEC + 1 ccen2ass
" ISN 0219 NNPL = 2#NP1 . 0cr32860
.. . ISN 0220 _ . .. . XREAL(KEQ) = CP(KFQ,NPL) . .. ___ 0GCG2R65 .
~ ISN c221 XIMAG(KECQ) = CP(KEQ.NNP1) 03€C2870
. ISN G222 ‘ XMAGIKEQ) = SQRTIXREAL(KEQ)**2 + XIMAG(KEQ)*%*2)’ CAND2871
. ISN Q223 _ —FAZE(KEQ) = THETA(XREAL{KEQL) XINAGIKEQ)D. . e DONC28B72
1SN 0224 R DO 295 J = 2,KEC 00C02R75
ISN 0225, . JJ = KEQ - J + 1 €30G2R80
..... ISN 0226, . JIPL =40 ¢ 1 i e e Nno0NN28eS R
"~ ISN 0227 “SUMR = 0.0 0r0c28sn
TSN 0228 SUMI "= 0.0 - ONON28S5
TSN _C229 NG 206 K = JJP1,KEQ R _Drrc2906 e
1SN 0230 KN = K + KEQ + 1 cacn29cs
“ISN G231 SUMR = SLMR + CP(JJ,K)®XREALIK) = CPUJJ(KNI®XIMAG(K) 0LTG2910
ISN 0232 _ . SUMI_= SUMI + CP{JJ,KN)I*XREAL(K) + CP(JJ.KI*XIMAG(K) . . 0NeC2915 L
ISN-0233 206 CONTINUF ACCr2920
ISN 0234 XREAL(JJ) = CF(JJ,NPL1) = SUMR 27002925
— 15N _023% _XIMAG(JJ) = CPLJIJNNPL) = SUMI B _.GCCC2930___
ISN G236 XMAG(JJ ) = SQRT(XREAL(JJI#%2 + XIMAG(JJ)**2) 03€62935
1SN 6237 205 FAZE(JJ) = THETAIXREAL(JJI) +XINAGLII)) 00002945
L. ESN €238 . IF (1w = 1) B2.:82,83 . - . £LCn2945
ISN 0239 82 CONTINUF GreC29s%
ISN C24C WRITE (6952)0MSEL) s (I gXMAGUT) 4FAZE(T) o I=14KEQ) 000G2960
lSN,cz&xﬁ_______jzdfnkuAT(67H1~~m".“, eom werme. ~VARTABLE MAGNITUDES_USING A FRECCCC25T75.
LOQUENCY 0F LPE14.645H RPS./  LHO R4H VARTABLGCCC 2980
2E NUMBER , MAGNITUCE PHASE /(1HO 12000C2960
T il e T4 1P2E3D.6)) orocaoce
ISN G242 IF(TRIG) 770,770,771 COrNING)
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TABLE B-1. (Continued)
LEVEL 2 ( NOV 72 ) MAIN 0S/7360  FORTRAN H EXTENDED DATE 73. 264[19 53 o1
ISN 0243 770 WRITE (6,1001) 0CcnG3050
ISN G244 1901 FORMAT{7C Hl THESE ARE INTERMEDIATE RESULTS PRCOUCEC AFTER EACH MAROTH306&0
: LTREX INVERSION./S3HGINPUT FREQUENCY IN RADIANS/SECOND ANC CYCLES/SGGAN3CTD
i e i 2ECOND. /591 _..VARTIABLE yGAIN(CB )4 PHASE(DEGREES) VAR[ABL[.FcfffauFﬂ,_." i
37Ce ) At E DTN
ISN 0245 323 FORMAT(37THLINITIAL VALUES CF CCEFFICIENT MATRIX) Qn0a31C0
. ISN 0246 321 FORMAT(//9H EQUATION,13,5X,SHINPUT1P2EL1T43/7(1P1UELL.3)) aCNG3110
ISN €247 771 1v=1 noHCn31an
ISN 0248~ J=1 erre3lac
JISN_C249 __ ... DO T8 T2 LaNR e S e e e e e e COCO315C e
ISN Q250 IFLID(TI))79,89,81 CCCO31€ED
ISN 025t 79 Iv=lv+l CICG3171)
~ISN 0252 . .. .. 80 GO TQ 78 . e GCCN31A90
ISN 0253 81 -NO(J)=1TV nenciLen
[SN €254 S Iv=lvel 02CC3200
e ISN 0255 . LJd=Jd+l e e e e e e . OOCO3210 .
ISN 0256 78 CONTINUE carn322n
ISN 0257 - NOPRT=J-1" cns53230
ISN 0258 83 DO B4 K=14NOPRT . - ceenN3240
ISN 0259 JX=NO(K) Qoecrizse
ISN 0260 VARRIK) = XREAL(JX) AT r63330
[SN 0261 e VARTUK) = XIMAGUJKA. e et amn et e e e e e 0r€Cc3342 . —
1SN G262 84 CUNTINUF 0CCG3350
ISN (263 86 NG 87 1=1yNOPRT : CN7233¢€2
ISN C2h4 SO PHAN(Ls1wW)=THETALVARR(I) yVARI(I)) 0C2GC3420
ISN €265 96 DECB(T,IW)=20.0%ALOGLOCAMAXL(1.0E-30SQRTIVARRII )*%x2+VARTI(1)*%2}) )0 GC351C
ISN 0266 B7 CONTINUE £oCn3%15
- ISN 0267 ___ - . IF(TRIG)SEQ,GEC,9¢1 | C0CI282C 0 e
ISN G268 960 WRITE (b.l)ﬁO)CMStxw).CMSCPS(IN).(NO(NDH).DECB(NON.lw).PHAN(Now.lho 23530
11 4NOW=1,NOPRT) nann3s4C
TSN (€269 1000 FORMAT(//F20.49F2C oS/ /1 143F8.2sFTalsl49FBe29FTals149F8.29FTalyl44FCCTL3550
R 18e29FTely14yF8s2,F7.1)) CACC3560
ISN C27C Sel IF(IMS{IW)~0ONFL)RS,G5,€5 QnNe3sic
o ISNC27) . ...85 In=lwn+] Q0LTAR80
ISN 0272 ’ Go TQ 75 CCTC3560
ISN 0273 95 CONTINUE 0"™y3600
... ISN. 0274 53 FORMAT(Z1HI FREGUENCY S{13H VARIABLE 11243H )/ 21HC Ccarn3elg
1RPS cPs S{18H. DECIBELS PHASE )/) OUn03620
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By

LEVEL

ISN

CUISN

ISN

ISN.

ISN
ISN

. ISN

ISN
SN

ISN

ISN
ISN

L ISN

ISN

“ISN

‘,SN‘

TSN

1SN

- ISN

ISN
ISN

_ISN

ISN
ISN
ISN

ISN
ISM
ISN
ISN
ISN

" ISN

1SN
ISN
I'SN

SN

1SN

1SN

ot 4 et g et

2
02715

TABLE B-1. (Continued)

NOV 72 )

MAIN ""€S/369 FORTRAN H FXTENDFD

54-F0RMAT(1PZE£0 2:542H 7/ . 0P2F8,.2))

0276

c277
£2718
n219
023¢
c281
0282
c2e3
0284
0285
2286
0287
0238
0289
n29¢
¢291
€292
6293

0294

€295
G236
0297
0298

0299
ISN.-

030cC
€321
€352

0303

0304
€325
0306

5307,
03a8

97
98

99

NY=NY+5

NZ=5 o

NY=1 ,
_NX=NQOPRTY _ _. .. — e i anmr st o et e e
lF(NX)lfﬁolﬂO.Qﬂ

WRITE (6453)INC(T),I=NY4NZ)

N0 99 J=1,1IW .

WRITE l6954l(0”5(d)pOMSCPS‘J)'(CECB(KOJ’yPHANfK J’QKSNVQNZ‘)
CONTENUE v e ——

o e e ——— st it i Gy b o S o BRSO e

T NZ=NZ+45

- 1C0

NX=MX-5 , - R
GN TO 97 _ - :

[W2=1W+2
NO 40C J=1,NOFRT

00102 K=1,1W2 . e e e e e e e e

CGAIN{K)I=DECB (J,K)

ne
103

FAZE(K)=PHAN{J,K)

COMTINUE

IFCIRPS) 104,104,103

L=1 - -

CALL TNPLOT(ONSGATN, IWoCMI CMFL,L ). . . . -
CALL PRINTV(-21,421H GAIN IN CECIRBELS v 400, 470)

~CALL PRIANTVI-214+21H FREQUENCY 'IN RADIANS,400,205)
=2 -
S CALL TOPLOT(OMS FAZE,yIWsCMILCNFL,HL )

1C4

CALL PRINTV(=21,21H PHASE IN DEGREES +40%,995)
0. To 105 .. . o T O
L=1 : '

- CALL TDPLOT(OMSCPS.GAIN,IH,CNI'CNFtC.L )

0309 .

€310
0311

£312

105

CALL PRINTVI-21,21H GAIN IN CECIBELS + 400, 470)

CALL PRINTV(-21,21H FREQUENCY IN CPS  ,400,005)
k=2

CALL TOPLOT(DVSCPS,FAZE, Iw)CVI,CVFLC, L )

“CALL PRINTV(=21,21H PHASE IN DEGREES +400,995)

CALL PRINTV(=21,2CH VARIABLE NUNMRER ¢490,1010)
PNO=NO(J) L
CALL LARLV {PNC+5€6Cy1010444+243) et

G2no3630
03003640
QGOG3A55
€osn3een

CJOr367C

£003¢80
05°C 3650
0rcoa3ren
CGOL3T10
c2co2720
cren3730
CG0U3T74C
CCCN37so
00Cr.3757
CCCC37€0

on303770

guce37en

&

CATE 73.264716.53.01

e e e N —— -

ocen37se

0occu3ac)
DIGHRCED )
CREG3RLS
cocnanzo
coc(:3n3n
PACGIER4AN
COCN3845
0 CC3850
Qdnc387C
cNCU3nRrD
OCCC3RES
cCYyra3nge
QnrN3g0n
001039106
06GCH3915

L -0AGC3920 .

c0rn393n
Nrpc3sac
CUrn3942
CCCC3944



" TABLE B-1. (Concluded)

LEVEL 2 (NOV 727) T TTTMATN €S/360  FORTRAN H EXTENDED  CATE 73.264/19.53.01

ISN 0312 400 CONTINUE . . . N NOCO3959
ISN 0314 UNSKIP = 1234 . . . ARCG4AN1O
: ISN 0315 .- - 60-TO0 1220 s - 06C04020
. ISN0316_____ . 9 CALL EXIT i . | S SRt o of o1 1+ W
ISN G317 S ' RAEran4D
ISN 0318 ‘ " END 000c4nsn
o o . R . .
(72}
R
. .00
3 U e a _— e - e e e e . b o ——
‘ [
(R
’;‘r‘e* o
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TABLE B-2.

SUBROUTINE COGAEL
LEVEL 2 ( NOV 72 ) 0S/360 FCRTRAN H EXTENDED DATE 72,264/08.0C.11
REOUESTED OPTIONS: MAP.DECK.LISI'XREF.UPT-Z
OPTIONS IN EFFECT: NAME(MAIN) OPTIMIZE(2) LlNECCUhT(ac) SIZE(MAX) AUTnDBL(NONF)
. . SOURCE . EBCDIC L151 DECK QOBJECT MAP NCFORMAT GOSTMT XREF ALC NOANSF NOTERMINAL FLAGUI)
ISN 0002 -»SUBRCLT[hE CCGAEL(A,N) cocaolno
ISN 00C3 i DIMENSION A(5C,1G2) €0C00209 ;
~ c o €0c503Cc ——
€ “ GAUSSIAN-ELIMINATION OF COMPLEX MATRIX. cornngne
CLA SERTRTIY ¢ . - i : cocl0500 .
“ISN €004 NML = NT= 1 CORI2600
ISN 0005 NPL = N.+ 1 cancerIng
ISN 0006 22 = 10.7€E-30 cneaoacee
T c ‘ : . ‘ cacgeacn
c J IS THE COLUMN BEING ELIMINATEC BELOW THE DIAGONAL, carglcen
o e ; - Coe . P N S . cONS1160
o - ISN 0007 00 500 o J = 1N Cnca1260
B , e . ‘ i conI1300
gt C. .. FIND MAXIMUM AMPLITUDE IN COLUMN AND BELCW THE DIAGONAL. CNs214388
| w o c ; : : . : C0C315C8
: 3 ISN 0008 , JMAX = J j cacalrecn
: N ISN0A09 ... . I =.J + NPL . . e ST 3 . - coQnirco
ISN 0010 ~ CMAX = A{J,J)*%2 + A(J.JJ)*#Z ' cocsiagd
~ISN CDL11 JPl = J +:1 , cnectienn
Lo ISNCDI2 .. L IR Y =N ) S .- 10G, 145, 120 CHCC195C
‘ ISN 0013 100 Do S 1e K. = JPly_N €3€223¢0
. ISN 0014 CCC = ALKy J)®*2 & A(K.JJ)**Z . + €OCC21C0
2L TSN 0015 e oL IFL CCC .LE. CMAX ). . . . e BO.TO L10 . e ... C060I22C0 v
ISN 0017 s JMAX = K , cocc23ce
ISN 0218 o CMAX = CCC CuLn240)
ISN CO1S 110 CUNTINUE €NeCG2589
U : v coen26Cn
c ~ INTERCHANGE ROWS IF REQUIRED TO OBTAIN MAXIMUM PIVOTAL ELEMENT. corg21Ch
e L B e A e e . o - £03228CC m L. .
ISN 0020 . IEC J - J‘«Ax ) 130, 145, 120 COCC29C6
ISN 0021 12C WRITE(6+45) Jy JMAX v » v caNn3109
ISN 0022 § FORMATL{'1l FRROR IN SUBROUTINE %% CCGAFL *#'/1GX,'J AND JMAX EQUAL,CICA3LCO
' 1 RESPECTIVE,*2112) celn32ne
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LEVEL

-~ ISN
-ISN
ISN

- ISN
ISN
ISN
- ISN
ISN
ISN

1SN
1SN
1SN

— . ISN

1SN
ISN
- 'ISN
ISN

v eI SN

L

ISN
ISN

.. ISN

1SN

ISN
JISN
ISN
ISN

ISN’

ISM
I'SN
ISN

2 UNov T2

0023
0024
0025
0026
0027
0028
0029

0036

0031

0032 ..

0933
0034

00136 .

9038
0039

0041
0042

0043
0044

10040 -

0045 .

0046

0047
0048
0049

0050.. .

0051

gns52 -

0053
0054

130

TABLE B-2, = (Continued)
i COGAEL  05/360 FORTRAN H EXTENDED
CALL EXIT , |
00 140 K = Jy, NP1

KN = K + NP1

SHOLD = ACJoKY. . . oo .-

10

150

160

|
s X3 aXs)

170

AlJsK) = ACJIMAX,K)
ALJMAX,K) = HCLD
HOLD = A(J,KN)
ALJoKN) = ALJINAX,KN)
A(JMAX,KN) = HCLD

leVlDE PIVOT RCh av PIVOT ELEMEAT. PIVOT ELEMENT BECOMES 1.9.

£o 3 160 Lo K = JPl, NP1
KN = K + NP1 ;
IFU ABS(ALJIyd)) 4GT. 22:) G- 10 150

IRt ABb(A(JoJJ))-.GT.ZZ 2} . ——. G0 TO .._L50
DUML = A(J,4J)

DUM2 = AlJd,JJ) o

NR[TE(b 10) DuML,DUM2

DATE 73.264/09.00.11

€0€93300
Cnrg34co
coce3sco

CO2G36Ce -

€00237CG
C04C3R00
CNZN3900
con94nco
. €6AC41CO
- - C0NC24360
C00n4400
COCT4560
ccc2arc
CUCA4AED
CIC24909
CCCR5260
TCa95160
COLHSZ00
CNOCS53C0

FORMAT('1 MATRIX IS SINGULAR. EXIT FRCM COGAEL. THE PIVOT ELEMENTSCO'CSénC

1 ARE,' 1P2E13.€) e

JCALL EXIT

REALA = (AlJyK)*A(Jyd) + A(JcKN)*A(JoJJi) / CMAX
VIMAG = (A(JoKNI*A(J,d) - A(JoK)*A(JyJJ))/CMAX
AlJyK) = REALA

A(J.KN) L VIMAG

CUCGS&GO
€02u57GCH
€0835800
cacesgcs
cocosnece
€0Cl6200

ELlMlNATE ELE“EhTS BELOW, _DIAGONAL._THE . ELEMENTS ELIMINATEC ARE NCTCDCOE3CC

THEMSELVES CALCULATED.

IFC 4 - N ) L 179, 620, 12C
PL=J ¢+ 1 v g

PO 500 I = JPly N ‘
00 800 K= JPLy NPL

KN = K + NP1

REALA ACTyK) = ACJeK)*¥A(L o) + ALJKNI*A(L,JI)
VIMAG AUI KN) = A(JoKNI®*A(T,J) - A(I'JJ)*A(JqK)
ACIoK) = REALA

cnedesco

COC0€ES5CD
CoN0ess0
C00C666D
ceroer0e
CC3068CC
C0CL6900
cocs79ce
COCOTIC0
cognr2¢0



TABLE B-2. (Concluded)

Sogat
&
5 5
5

v &

QO :

C’ g b ot o |+ cm i wy x anie ems s msi ion mane e o e e w4t i
gjqb 'LEVEL 2 ( NOV 72 COGAEL
f?ea 1SN 0055 500 ALI;KN) = VIMAG -
= . 1SN 0056 60C RETURN

ISN 0057 END

0S/360  FORTRAN H EXTENDED

” PR - P —— e ne o e v ans = it Sow’ < i |t b o Sy i - -
n
b
=+ 0
N - -
o
o
U
N}

OATE 73.264/C9.00.11
C0COT300
€0Ca75C0
C0C07600



TABLE B-3. SUBROUTINE TDPLOT

v n b b ir———_ § acm— & = [N e e

LEVEL 2 (NOV T2) T Tesr360 FonraAN-'oLExtsnnsu_- "DATE 73.264/09.00.21
REQUESTED OPTIONS: MAPDECK, LIST XREF,0PT=2 : e

_ OPTIONS IN EFFECT: NAME(MAIN) CPTIMIZE(2) LlhECCLNT(4C) STZE(MAX) AUTOPBL(NONE!
. ... . . SOURCE EBCDIC LIST DFCK CBJFCT VAP NOFORMAT GOSTMT XREF ALC NNANSF NOTERMINAL FLAG(I) - -

ISN €02 SUBRCLVTINE  TOPLOT(W,Y NFP TLy XRyLL . 000C466C

ISN 00C3 L DIMENSICN W(EC),Y(6Q) . ‘ CCCe461C
ISN 6004 - . COMMON - ICRT ; : . 000L4HAN
1SN 0CGS L YMAX=Y(2) : 0CC34€ESE
ISN 0006 v YMIN=Y(2) . .o - R ; . COCRETNG - - .
ISN 0co7 : DOLICI=3,NFP | : GCocatlo
1SN coes YMAX=AMAXL{YMAX,Y(J)) , e 00004720
ISN 0CO9 YMIN=AMINLIYMIN,Y(J)) : : : SGC04730
ISN Q010 © 100 CONTINUE ) 0rr5474C
ISN 0011 DY=A INT( Z+0+{YMAX=YMIN) 710.0) nCNC4750
: LU TSNGCOL12 . T o CYTEDYERAINT LG SHYMAX/DY)Y ol i i i . . 236C4TES -
;ﬁ L ISN-0N13 : YR=CYSAINTIYMIN/DY-1.5) - ‘ 0CN%4117C
©w ISN 0014 TFEWL2)/TL=10.1)201,201,45 : or2l4780
i ISN-00IS 5 S XL=W{2) NP RO Cos ’ GG034760
o b ISN DD1¢ . I=1 o : CCCrarco
v 1SN 0NM17 .60 TO 200" : ‘ . GGrI481C
N ISN 0018 . 2CL YMAX=AMAXLOYMAXoYUL)) el s AR ... oCcL4s20
TSN 0019 H  YMIN=AMINLIYMIN,Y(L)) ' COrsasae
ISN.7GN20 L XL=TL i : 0Con48640
JISN @C231 =2 C e R P - . QrzcaBSC
ISN 0C22 . 2C0 CONTINUE o oneraRed
i . ISN 0023 ‘ K=0. ; o : 0ANna487e
‘ e ISN 0024 . oo o L L= e s i e e e s L el R procasac
Lo ISNONn2s © 10 L=L+l : _ NGre485Q
" ISN 0026 IF{L.GT.S)GO TO 30 : ) 00CL4SCE
ISN CN28 - IF{LCN**K/XLsLEoLoCo AND 10.C*%K/XLe GT.D.[)GO T0 20 CGOC4910
1SN 0030 , IFULO.0%*K /XL oGT ol 0)K=K=1 CNin4a920
ISN €32 IF(LD 0% *K/XLeLE LD 1) K=K#1 Sl ' 05$C4S36
V Gl ISN0034 . L. GO TC 10 R Ve e . . .. 0ChL4540 e e
1 : "~ ISN 0035 ) 20 XL=1C 0% *K : . 0604950
' SN €036 "3C K=0 , : , T Cn0Nn4aseEn
CISN ARIT L ' TF(LL=1) 31,31,6C ‘ LLON4G565
ISN-0C38 " - 31 CALL CAMRAV(9) | . 00 en4STC
:' i ;
, i - 5 )
T (
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LEVEL

ISN
ISN
_ISN
CISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
1SN
ISN
ISN
1SN
1SN
1SN
ISN
ISN

2 tNav72)

0039
0G41
0042

0043
0044

0045
0046
0047
0ca48
0049
acse
onsi
0052
N053
cNs54

G55

0356
8357
0qQs8

50

60
61

18¢
181

182

40

150
151

192

193

TABLE B-3. (Concluded)

S TOPLOT 0S/360 FORTRAN H EXTENDED

IF(ICRT+1.LE.0)CALL CAMRAV(35)
IFILL=1) 50,53,6C

TCALL SETVMIV(4C410+24456C) .
.60 TC 61 . . i e e it bt 1 b e e vee e

CALL SETP!V(4GvIGo5OGo 7C)

CALL SMXYV(1,C)

CALL GRICIVILLyXLyXRyYB¢YTy1.0, BY,l.l'-ly-l. -2y =3)
GO TO(181,182),1

CALL APLCTVINES- luh(ZJnY(Z),1.1'1'44.IERRl

GO YO 4¢C - R,
CALL APLCTV(NFPyk(l)’Y(l)'1v1v1'44 IFRR)

K=K+1

GDvTﬂ,llaoleCpIBCol90lv

IF(LL=~1) 191,1614192

CALL LABLVIY{1)46CC,470, &4 2y 3)

60 TO 193 IR A S ———.

CALL. LABLV(Y(I)Q&C 9995.6.2o3)
RETURN ) ;
END‘in L i . . S

Samin ko wms e b s cmbe sme o d rm ¢ o v sk e e K e s S oo A} o v s

T R e M TR A

DATE 73.264/09.00.21A

00 049RE
CeC24581
0704582
0004984
6L 4960

GCCG4G95

gccresecee
OCoascls
nccosc2c
£2€050530
000CEC4
0CCO5C50
QCceested
cceesne
0CCRERTS
eccesnNee
ocececes
¢ncoseas
CcRCG5CsC
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

.

‘Figure‘B-l.

NUMBER * FORMAT DESCRIPTION DESCRIPTION
Wl pENT, IFICAT TITLE CARD
} ‘
(k] .
2 S
5 A
IDENTIFICATION . 1]
U . ., . . N W2 NW - NUMBER OF SPARE FREQUENCIES
L |, e N w|112 NR - NUMBER OF COLUMNS
R K E, Q| 112 KEQ - NUMBER OF EQUATIONS
{37] . I RP §|l2, 110 | TRIG 21 MINIMIZES PRINTOUT, IRPS I 0’pSBPans
Lo . . : g M I|F12 OMI - INITIAL FREQUENCY: 7 gg;ggé‘ggé&ﬁg”—m
Le! — ) # MF L|Fl2 OMFL - FINAL FREQUENCY" '
| IDENTIFICATION 13} ) '
L] e (1] 6F12.0 FREQUENCIES OTHER THAN INDICATED BY VALUES
13 e e W 2)) BY OMI, OMFL. ] .
R LOG SPACING GIVES 1.0, 1.5, 2, 3, 4, 6, 8, 10..
E OVER FREQUENCY RANGE
oV, | OCTAVE SPACING GIVES, @MI, 2 X @MI, 4 X @MI...
L]l ] 0w (W) "CARD MAY BE OMITTED OR MORE THAN ONE CARD MAY |
| IDENTIFICATION 1 7 380 BE USED OUTRED.
f [svNgw v=x.. . INPUT BALANCE VALUES EXPRESSED AS A VECTOR
o[ =[x % x - {xx L [ USING "NAMELIST" FORMAT.
Lzs] X '. Sy N $VNOM REQUIRED AT START OF NAMELIST.
: El 1 L ]
lef T, s .
d
IDENTIFICATION nl 4]80 -

Data Input Card Format and Description

i
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FORTRAN FIXED 10 DIGIT DECIMAL DATA

NUMBER

FORMAT DESCRIPTION

DESCRIPTION

v (1 ol)"=_x . XX X

bX ., X X,

A i

CONTINUATION CARDS FOR ENGINE BALANCE VALUES

LSS

A i

A i

A A

EEEEE]

S SN S SN SR .

IDENTIFICATION

Ul [1pv = '”1:, 0, - 1 I.D. VECTOR CODE SHOWING WHICH COLUMNS REPRESENT
A 2 'l A A 'y A i . -
Mo, ..., . {DERIVATIVES (0), AND WHICH VARIABLES NEED (+1)
Las] . o . OR NEED NOT (-1) BE INCLUDED IN OUTPUT LISTS
[] , - .|NAME-LIST FORMAT USED.
G —
Y A A A 4 A ‘
Ler L o
~ LioeENTIFICATION 5] R ., . .6lsg ' .
O] JroviaTe)=0, CONTINUATION CARDS FOR ID VECTOR. “KgLI =2 "
l ' R . ‘ [— - J—
‘LT; Ly, .« . , I DV (NR INDICATES INDEPENDENT VARIABLE (2) IS USED AS
f .
Lasf ) . L+ K¢ L I=2,, AN INPUT.
N "] - i -
L] [sE N D, ., . L $END - STATEMENT REQUIRED AT END OF NAMELIST
Ls B ’
F 4 a1 i 1 4
l' ..
Lo} o
IDENTIFICATION il 780
L] | SVN gM K@L I CARD TYPE REQUIRED FOR ADDITIONAL FREQUENCY
: . 1 .
-~ pafa], sEND . RESPONSE RUN USING INPUT (1).
B 1 p
25 ] T FOR SINGLE RUNS THIS CARD IS NOT REQUIRED
) !
. A 4 J i L A
[ i
A i § i '™
ey ;
IDENTIFICATION 1kl L1,0]% -

Figure B-1. (Concluded)




) ' APPENDIX C
ENGINE BALANCE INFORMATION
Engine balance information for a 6.0 mixture ratio is presented. These data are

copies of the following tables from DVS-SSME-101, Design Verification Specifica-
tion, Space Shuttle Main Engine, Volume II,

DVS Table No. Power Level,;perceht

| IX 109

1 XII . 100

] XVII | 75

: XXII ’ 60

| XXVII 50

AL

i RSS-8549-2

131
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RCCKETCYNE SSME

"ENGINE. VARIAELFS -

© THRUSY ~

-~ MIXTURE RATIO ~ O/F
SPECIFIC IMPULSE
ATMGSFHERIC PRESSURE
PRCPELLENT FLCWRATE -
PPCPELLENT INLET TEMPERATUKE
PROPELLENT INLFT PRFSSURE

" PRCPELLENT INLET DENSITY..
PRFSSURTZATION FLOWRATE
PRESSURTIZATICN PRESSURE
PRESSURIZATION TFMPERATURE
QVERBOARD LIQUID FLOWRATE
QVEREQARD GAS FLCWRATE

THOUST CHAM3ER VARIABLES

THRUST .
MIXTURE RATIC - C/F
SPECIFIC IMPULSE

TOTAL FLOWRATE

IGNITER FLOWRATE

NCZZLE STAGNZTION PRESSURE
INJECTCR END PRESSURF (STATIC).
THRUST COEFFICIENT .
CHARACTERISTIC VELCCITY
GFCMETRIC THRCAT AREA
AERCDYNAMIC THROAT ARES
GECMETRIC AREA RATIC © — -

COMTROL VALVE VA”iAhLF‘

TABLE IX

(109%) EPL - 6.0

(Lg)

(SEC)
(PS1A)

. (LB/SEC)
(DEG. R)
(PSIA)
(LB/FT3)
(LB/SEC)
{(PS1A)
{DEG. R)
(LB/SEC)
(LB/SEC)

(Ls)

(LB/SEC)
(LE/SEC)
(Le/SEC)

{PS1A)

(PSIA) -

(FT/SEC)
' t1N2)
{INZ)
(AE/AT)

COXIDI2ER PRELURNER OXIDIZER VALVE R=-1T1.97

FLEL PRFARURNER CXIDIZER VALVE

SCHEDULED VALVE VARTARLES
MAIN DYIN1ZFER VALVE
MAIN FULL VALVT

CCCULNT CCOMTRUL VALVE

o= 14,26
R= 0.C0469
= 0.03570

SYSTEM

512299,
6.00C0
45737 1!

" 0e0

1123.28

0.19

512299.
6.0175
457.51

1119.77

: 1e74
'3236.67

3214.30
1.916¢

7686412

341
62.58
77.5%0

FLCWRATE UDELTA P

(La/seC) {psS1)
24.85 . 150C.73
77.8¢8 1221.£3

BE6.42 L84k
157.54 72022

EC.65 46435

FUEL

OXID12ER
562.81 160.47
164.00 37.00
100, €O 30,00

T0 94 Hobl
2.41 0.77

3566.03 2825.89

£91.26 %27.24
.12 0.0

960420 15957
Cc.72 . 1.02
PRESSURE(PSIA) TEMP

INLET = DISCHAKCGE (CEGR)

37620 = 6865.4¢ 1209.5%

8401.E6  7160.0C3 209.5%

4699.59  4551.15 196.6C

6902.72  6EED.T1 99.9¢

67F0.32  6T32.96  $9.90

£L6T X100 03
NT~TKSS-S.AA

1
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SI @OV TYNIOLHN

PUMP INLET

SpUNP

 pyMP

TPNmMp

TUREINF

"TURBINE

EPL

TUSECMACHINERY VARIABLES

PUMP INLET FLOWRATE
PUMP-INLET PRFSSURE
PUMP INLET TENPERATUKE
DENSITY

FLOWRATE
PRESSURE
TEMPERATURE
CENSITY

PUMF DISCHARCE
LISCHARGE
DISCHARGE
D1SCHARGE

PUMP

TIP SPEED

HEAD RISE :
VOLUMETRIC FLOW=INLET
HEAD CUEFFICIENT~PSI
FLOW COEFFICIENT-PH]
HORSFEPCOWED

EFFICIENCY

pPUMP
PUMP
puMP
PUMP

PUMP
pUmMP

| PUMP SPEED

FLCWRATE
INLET PRESSURE
INLET TEMPELRATURE

TURBINE
TUREBINS
TURPINFE
PRE SSURE

TURBINE J )
TEMPEKATURF

DISCHARGE
VISCHAKGE

T1F SPFED

SPOUTING VELOCITY ;
ISENTRGPIC VELOLITY RATIO
PRESSURE RATIO - TUTAL/TOTAL
TOPQUE '
HCRSEPOWER N —
EFFICIENCY

SPLED

TURBINE
TURRINE
TURE INE
TURBINE
TURBINE
TURBINE

TURBINE

o |

TABLE 1X (Cont inued)

(LB /5EC)
T {PS1A)
{DFG. R)
(LB/F13)

(LB/SEC)

(PSIA)
(UEG. R)-

(LB/FT3)

(FT/SEC)
FT)
(cPM)

(BHP)
(RPM)
(LE/5tC)
(PSIA)
(DEG. R)

(PSIA)
(DEG R)

(FT/SEC)
(FI/SEC)

(FT-LE)

(EHP)

(RPM)

LCW PRESSURE

CXICIZER

Gez.L1
10096
164.00
70.9380

1136.39
“42.13
169.22

702490

278.C¢

L9945
60%1.%
C.2E90
0.2130

1737.6 1
0. 6%97 -

5447.11
172.57
4992.51
190.60

442,08

1£9.41 -

142.¢60

214.03

Cete54]

1675.24
17374
G.5987

5447.11

FUEL

16G.47
<2000

37.C0
4.4C72

259404
29,67
4.61E9

827.64
T40%.1
16342.4
C.3480
0.22¢90
294649
0.7335
158C6.L3

34,67
4TT74.06
539,41

3974.45
527.24

51C.38
2385.05
0e2140
1.2012

975,06 |

2966.7
0.52¢7
15806463

oxt
MAIN

1136.26

- 377.16
169632
TCe3490

1155.19
5152.74

190.6C
71.26306

9C0.L5

9175.3

1249 .4

Ce3877

0.1316

25847 .5
0.7€13

31

se
14

HIGH PRESSURE

DIZER
BCCST
122.50

4911.50

190.60

71.2636

103.57

£8434.77.

209459
70.7608

665.064
71194

652.3
0.5170
0.0617
1917.5
0.6992

133.36

63.08 -
4€.22
T6.9C

3698.56

13

12
46

Ce

1
©6
27

o
31

44.31

70.67
26423

2963
«5812
£3.99
T65.7

e 7279 *
122,36

FUEL

16Ge%7
192,60

39.67
L3792

160.47
7C04.18
99.990
$.0061

- 1939.58

194363.5
1638046
146623

0.1771-

76557.9

0.7407 -

37354.67

161.65

58£0.32

1917.92

3729.93
1754.21

1660.27
6597 . 49
Ce3015
1.5765
10764.02
Te557.2
0.7930

37254.07 %

INSS-SAD

-
K

£L6T XIne 03

1
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pasqu RNER VARTAGLES

CINJECTCR

tPL

INLET FLCW2ATE (INCLUDING IGNITER)
INLET PRESSURF

INLET TEMPERSBTURE

INJECICS FLCKRATE

INLET PRESSURE

INJECTCR PRESSURE QRGP

INJECTGR EN[ PRESSURE

GAS MIXTURE RATIO

GAS FLOWRATF

GAS TCMPERATURE

MAIN INJECTCR VARIABLES

CRIFICE-PXIDIZER

ORIFICF-HET GAS -~

HCT GAS MIXTURS RATIC
PRIMARY(LOWEK)FACEPLATE-FUEL

,SECONDARY(UPPEQ)FACEDLAT[-FUEL

CAFFLES-FUFL

 ACOUSTIC CAVITY

© COGLING CI2CUIT VARIABLES

MAIN CCMEUSTIGN CHAMBER
MAIN CHAMBE® NOZZLE

“HIGH PRESSURE FUFL TURBINE

TARK

BYFASS DUCT

CXIDIZER PPERUCNER CASE "
CXIDIZ2FR.TUREINF END REARING -,
PREBUINER PUMP EEARING

HOT GAS MANIFCLL = FUEL SICGE

HOT GAS MANIFCLD - OXIGIZER SIDE
PRESLURPIZATION SYSTEM VARJABLES
HEAT FXCHANGFR HO1 GAS

HEAT EXCHANGER OXICIZER INLET DUCT
PRIMARY HEATING CGIL :

CXICIZER TANK PRESSURIZATICN DUCT
FUEL TANK PRESSURIZATION DOUCT

et

0.5048

TABLE IX (Continued)

. FUEL PREBURNER

OXIDIZER FUEL
(LB/SEC) 78.28 83,37
L (PS 1A) 7180.03  £492.89
(DEG R) 2C06.59  302.56
(LB/SEC) T77.28 VE2417
(PS1A) 7134.70 - €6432.89
(PS1) 1237.28 566647
(PSIA) 559 Te42
© {C/F) 09350
{LB/SEC) 161465
{CEG R) 1917.92
FLOWRATE DELTA P PRESSURE(PSIA)
(LB/StC) (PS1) INLET  DISCHARGE
£55.95  1067.24 4281.56  3214.20
232,10 419.51  3633.81 3214.30
6.45 552,09 3766439 - 3214.30
3.96 122.58  3766.39 & 2633,.81
20.99 600.93  3766.39  3165.%46
0.51 562,09 3766439 3214,30
24,67 1644.15 6733.23 ° 50€9.09
42.20 159.53  6T71.46 6611,93
1.51  23274.25 7004.18 3729.93
1,69  2683.95  06382.51  3698.50
4,76  45324.,34  4911.50 277.16
14,14 8C57.61 B434.77 37T7T.16
19.58 72.09 383,48 3766439
14.31 35.27 3B01.66 3766.39
64,57 - 4Te26 36856460 2629.24
L Zetl £5.69 4926488  4E60LGE
= 1aT1 1271.19 4860.98  3569.79
070 1271.19 4860.98 3569.79
. 2e41 23,76 3589.79  35%66.03
OeT7 148,57 3974445  3625.t9

CXIDIZER PREBURNER

OXIDIZER FUEL
25.29 39.48
6669.46 640842
209.59 302.56
450 36.26
6E4T7.65 6362.51
979.5C S14.36
5868415
C.64692
63.08
1478.90
TEMPERATURELDEG R}
INLET DISCHARGE
19G.060 19C.60
1576.06 1576.06
528,82 653,38
528.82 5TY.LE
528.82 657.28
528.82 528,82
99,90 529.41
99.90 tT86e07
99.90 1¢0.18
302.56 302656
190,60 150.560
209.59 209.59
52T7.24 528468
52724 £29.C0
1201.78 1299.52
19C«60 190.60
193.60 12685.465
'1'90.00 190.60
£91.36 891.36
52Te24 52Te.24

i}
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~ TABLE 1X (Continued)
FLOWRATE DELTA P

EPL

MISCELLANFOUS CCMPCNENTS
.+ CXIDIZER

LOW PRESSURE 'PUMP DISCHARGE DUCT

LCW PRESSURE TURBINE INLET CUCT :

HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1
HIGH PRESSURE MAIN PUMP DISCH DUCT~SECT 2
HIGH PRESSURE BOOST PUMP INLET ODUCT-SECTION 1

‘HIGH PRESSURE BDOST PUMP INLET DUCT-SECTION 2

HIGH PRESSURE ROOST PUMP DISCHARGE CUCT
OXIDIZER PREBURNER INLET DUCT ‘
OXIDIZER PREBURNER DUME.

FUEL PPSBUKNER INLET DUCT

FUEL PREBUKRNER DOME,

THRUST CHAMRER 'DCME :
FUEL :

LOW PRESSURE PUMP DISCHARGE DUCT

LCW PRESSURE TURBINE INLET-DUCT

LCW PRESSURE TURBINE DISCHARGE DUCT

HOT GAS MANIFOLD COCLANT DUCT-FUEL SIDE

HCT GAS MANIFCLD COOLANT DUCT-CXIDIZER SIDE
HIGH PRFSSURF PUMP DISCHARGE OUCT '
MAIN FUEL VALVE DISCHARGE DUCT

CHAMBER COOLING JACKET INLET DUCT -

CHAMBER COOLING JACKET DPISCHARGE MANIFOLD
FIXED NCZ2ZLE COOLING JACKET INLET DUCT
CCOLANT CCNTROL VALVE INLET DUCT

COCLANT CONTROL VALVE DISCH DUCT & MIXER
FIXED NOZZLE COQLING JACKET DISCH DUCT & -MIXE

"PREBURMER SUPPLY DUCTY

FUEL PREBURNER INLET DUCT
OXIDIZER PREBURNER INLET DUCT

.FUEL PREBURNER INLET MANIFOULD

OX1DIZER PRERURNER INLET MANIFOLD

(LE/SEC)

1136.39
173.57
9El.62
8564790
124.91

. 122.50

162.57
2529
26,85
78.28
1788

£55.99

160.47
24.617
23.89
19.5¢
14.31

15¢8.506
T76.58
34.67

34.67 -

42.20
80.65

80.65

424,20
122.85
86337
39.48
82.17
38.05

(PS1)

64.97

160,23
189.20

63486
‘3657
15.2%
T.0%
57.%2
2lel2
25.85
45.24
569.61

E6e42
195.72
100.6¢&

35.89

T2.T1

10C.4%
L9.Th
197.98
119.20
SY9.74
100.19
170.96
- 48493
35449
35.55
122.16

28.99

23491

PRESSURE(PSIA)

INLET DISCHARGE
. 442,13 377.16
5152.74 4992.51
5152+ 74 4963444
4963, 64 489,59
“9€3,.44 4926658
4926. €8 451150
8434.77 8427.71
842771 8370.20
6669446 - 60867.65
2427.71 ' £401.%6
7180.03 T1z4.70
4851415 42€1e54

259 .04 192400
4969.,78 4774.006
297445 3874.37
36T4.37 3838448
3874437 38C1.66
7004,18 6903.73
6660.51 6851.21
6631421 6723423
5089.09 4969.78
6831.21 6771406
6580451 678032
6732 466 6563.,00
6611.93 6563400
6563.00 6527.51
6528443 5442,59
6528458 64C6.42
6492.E9 463,572
6606442 63%2.51

TeMP
(CEG R)

169.32
199.60
190.00
15C.60
1¢Can0Q
190,00
20659
205.59
25559
209 .59
209.56
190.60

3%.07
5329.41
“Z2T7e24
£27.24
527.24

95.50

99,90

99.90
539,41

Q0,20

99.%90

©9.9C
67667
302.56
ZC2.56
3C2.56
302.56
3C2.56

1 Xiar oo
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TABLE IX (Concluded)

EPL
MSCELLANEUUS COMPONENTS
HCT GAS .
' HIGH PRESSURE FUEL TURRINE INLET DUCT
HICH PRESSURE OXIDIZER TUREINE INLET DUCT
HIGH PRESSURE FUEL TURRINE TURNARCUND DUCT
HIGCH PRESSUFE OXIGIZER TURBINE DISCHARGE LUCT
HOT . GAS MANIFOLD-FUEL SIDE
HOT GAS MaNIFOLD-0XIDIZER SIDE
CMAIN INJECTCR POSTS-FURL SIDE
MAIN INJ'CTCR POSTS—UXIDIZER SIDE
muxren SYSTEM..
MAIN CPA%BFR ‘
JOXIDIZEQ PRIMARY SUPPLY QUCT
OXIDIZEP BYPASS DUCT
CXIDIZER IGNITCR CIKRCUIT
FUEL SUPPLY CIRCUIT :
MIXTURE .RATIO - O/F 0.70
OXIDIZER PREBURNER
OXIDIZER PRIMARY SUPPLY DUCT
CXIDIZER RYPASS DUCT
CXIDIZER IGNITCR CIRCUIT
FUEL "SUPPLY CIRCUIT
‘MIXTURE RATID - n/r b Ca55
FI'EL PREBURNER
CXICIZER PRIMARY SUPPLY DUCT
GXILIZFF BYPASS CUCT
CXTDIZER IGNITOR CIRCUIT
FUEL SUPPLY CIRCUIT
MIXTURE RATIC - Q/F , 0.75

‘. DATE C&/19/12 GATA READ 0.0167 ‘BALANCE  7.6100

e

st

FLCWRATE DELTA P

h e .

161.65
62.08
163.56
64.57
163.5¢8
64457
l163.58
64.57

0.29
G.42
0.72
. 1.02

0ol

0.35

0.79 -

1.43

0.41
0.49
0.90
1.20

(LB/SEC) (PSI)

17.19
19.93
25.44
11.96
64 .53
47.36
6.12
Se43

418.05

- 369.62

1267.23
2666.20

54.5€
928.00
538.27

1353.62
100.86
1150.82
595.4¢

HEATEX 22.5967

156‘0’005 .

64924569

- PRESSURE(PSIA)
INLET ~ DISCHARGE
5897.42 5880.32
5868.15 5848.22
3729.93 370445
3698.56 2686660
3704.46 B629.94%
3686460 3639%.24
3639.94 3633.81
3639.24 3633.61
4B851.15 4481454
4481.54 3214.30
6903.73 3214.30
8370.20 6806415
6:60.73 6€064.15
6806415 5865.15
6406442 5868415
‘8401.86 - T048.24
7149.10 T048.24
7048.24 5897.42
589T.42

TOTAL 23.1867

TEMP

(DEG R} -

1917.92
1478.9C
1741.64
1301.78
1741.64
1301.78
1741.64
1301.78

190.60
190.60
190.60

99.90

209.59
209.59
209.59
2C2.56

209.59
209.59
209.59
302.56

£L6T xIne 03
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"NGINE VARIABLES -

- XIrmvad J00d 10
ST @DV TVNIDIE0

NPL 6.0
(100%)

RCCKETDYNE SSME

THRUST _
MIXTURE RATIO - O/F
SPECIFIC IMPULSE
ATMCSPHERIC PRESSURE

PRCPELLFNT FLCWRATE

PRCPELLENT INLET TEMPERATURE
PRCPELLENT INLET PRFSSURE
PRCPELLENT INLET DENSITY
PRESSURIZATICN FLOWRATE
PRESSURIZATICN PRESSURE
PRESSURIZATION TEMPERATURE
OVERBOARD LIQUID FLOWRATE
CVERBOARD GAS FLOWRATE ‘

;IHRUST CHAMBER VARIABLES |

-~ THRUST -

MIXTURE RATIQ - O/F

SPECIFIC IMPULSE

TOTAL FLOWRATE

IGNITER FLOWRATE

M0OZZLE STAGNATION PRESSURE
INJECTOR END PRESSURE (STATIC)

THRUST CCEFFICIENT

CHARACTERISTIC VELOCITY . .

. GEOMETRIC THROAT AREA

AERCDYNAMIC THROAT AREA
GECMETRIC -AREA RATIC

CONTROL VALVE VARIABLES

OXIDIZER PREBURNER CXIDIZER VALVE

FUEL PREBURNER CXIDIZER VALVE

SCHEDULED VALVE VARTARLES

MAIN OXIDIZER VALVE
MAIN FUEL VALVE
COOLANT CONTRCL VALVE

TABLE XII
SYSTEM
(Ls) 469998.
6.0000
(SEC) 457.07
{PSIA) 0.0
(L8/SEC) 1031.23
(DEG. R)
(PSTA)
(LE/FT3)
(LB/SEC)
- (PS1A)
{DEG. R)
(LB/SEC)
(LB/SEC) 0.18
(Lg) 469998.
6.0165
(LB/SEC) 457.20
(LB/SEC) 1027.98
(LB/SEC) l.61
(PS1A} 2968463
(PSIA) 2957.05
. 1.9171
(FT/SEC) T673.02
(IN2) 83.41
(IN2) 82.58
(AE/AT) T77.50
FLOWRATE DELTA P
{LB/SEC) (PS1)
R= 258.59 2le34 1662.96
Rz 26.82 64,21 1561.91
Rz 0.00472 - T94.82 41487
R= 0.03570 75«74

41.25

5994.51

e~

OXIDIZER FUEL
£e2.91 147.22
164.00 27.00
10C.C0 20.00
7C.5% 4o41
2.25 0.70
322€.90 3450.53
850.02 529.0C
0.12 0.0
881,45 146451
0.67 0.94
PRESSURE(PSIA) TEMP
INLET  DISCHARGE (DEZCR)
7586443  5923.46  205.92
7611.49  6049.5¢E 2C5.52
4409436 4267451 167.94 .
S 6103.81 6084407 93.11
5953.66 ¢3.11

o
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PUMP
PUMP
PuUMP
PUMP

PUMP
PUMP
PUMP
PUMP

PUMP

PUMP

PUMP
PUMP

pUMP
_pymMp

PUMP

FUMP

TURB INE
TURSINE
TURBINE

TURBINE
TURE INE

TURBINF
TURBINE
TURBINE
TURBINE
TURBINE
TURBINE
TURBINE
TURBINE

ot

T e

NPL 6.C
'ROMACHINERY VARTARLES

INLET FLOWRATE

INLETY
INLET

PRESSURE
TEMPERATURE

INLET DENSITY

DISCHARCGE
DISCHARGE
DISCHARGE
DISCHARGF

TIP SPEED
HEAD RI1SE

VCLUMETRIC FLOW-INLET
HEAD CCEFFICIENT-PSI
FLOW COFFFICIENT-PHI

FLOWRATE
"PRESSURE

TEMPLRATURE

DENSITY

HORSEPOWER -
EFFICTENCY.

SPFED

SPEED

FLCWRATE
INLET PRESSURE
INLET TEMPERATURE -

DISCHARGE FRESSURE |
DISCHARGE TEMPERATURE

TIP SPFED
SPCUTING VELCCITY
ISENTRCPIC VELOCITY RATIO
PRESSURE RATIO - TOTAL/TOTAL
TORQUE: :

HCRSEPCWER
EFFICIENCY

TABLE XIl (Continued)

(LB/SEC)

(PS1A)
{DEG. R)
{LB/FT3)

(LesseC)
(PSIA)

(DEG. R}
{UB/FT2)

(FT/SEC)
(FT)

(GPM)

(BHP)
(RPM)
(LB/SEC)
(PSIR)
(CEG. R)

(PSIA)

(DEG R) -
(FT/SEC)

(FT/SEC)

(FT-LB)
(BHP)

(RPM)

LOW PRESSURE

" OX1DIZER

§83.91

100.00

164.00
70.9380

1047.98
415.05
: 168491
70.2937

262.70
639.5
5592.6
C.2982
0.2070
146b6.0
0.7002
5145.86

164.06
4481.01
167.94

414,91
186.95

134,72
296,91
Co4537

1498427
1468.0
0.5987

5145.86

'FUEL

147.32-
20.00:

37.0C
4,4072!

147.32'
233.52

39.37
44184

T73.74
6585.8
15002.7%
0.3539
0.2347
2400.0
0.725¢C
14777.39

20.61
4256.78

550.71.

3568.98
539 .00

4TT.14
2305.42
C.207C

1.1861
£52.96

2399.9
0.5221
14777.39

OoXxI
MAIN

1047.86 -

259.64
168.91
70.2937

1065.82

4624.22
187.94
T1.2231

545.47
8723.4
6681.0
0.3926
Gal292
21297.5
0.7804
29

HIGH PRESSURE -

CI2ER
‘BOOST
1C4 443
4426.5%
T 1E7.94
71.2331

86,45
7634.63
205.92
70.8058

624 .85

6486.0

B4seT
0.5343
0.0727
148945
0.6843

225.78

N

. 56425

-3

63450 -

1405.60

a3
12

12

57.69
£3.31

86.569

4450.,77

0
1

«2891
«5378

4095.04
22787.2
10.7228
29225.78

FUEL

'147.32
177.54
© 39.37
43850

147.32
6189.21

93.11
4.9621

1821.59
1731927
15028.2
1.6793
0.1730
62235.3
0.7453
35082.25

142.69
5161.05
1726.£3

3381.04
1563.79

1559,.,62
4417.92
0.3531
l.5262
$318.00
62241.0
0.7910

© 35082425

o
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NPL 6.0

IREBURNER. VARTABLES :
INLET FLOWRATE -( INCLUDING IGNITE"’

INLET PRESSURE |
INLET TEMPERATURE

"INJECTOR FLOWRATE

INJECTOP INLET PRESSURE
INJECTOR PRESSURE DROP
INJECTCZ END PRFESSURE
GAS MIXTURE PRATIO

GAS FLOWRATE

6AS TFMPERATURE

AIN INJECTOR VARIABLES

ORIFICE-OXIDIZER

CRIFICE-HOT GAS :
“HOT GAS MIXTURE RATIC 0.7259

PRIMARY{LCWER)IFACEPLATE~FUEL
SECONDARY {UPPERIFACEPLATE-FUEL
BAFFLES-FUEL"

ACCUSTIC CAVITY

JOLING CIRCUIT VARTABLES

MAIN COMBUSTIGN CHAMBER
MAIN CHAMBE® NOZ2ZLE
HIGH PRESSURE FUEL TURBINE

"CXIDIZER PREBURNER CASE

CXIDIZFR TURBINE END BEARING
PREBURNER PUMP BEARING

HOT ‘GAS MANIFQLD - FUEL SICE
HOT GAS MANIFOLD - OXIDIZER SIDE

NK PRESSURIZATICN SYSTEM VARIABLES
HEAT EXCHANGER HCT GAS

HEAT EXCHANGER OXIDIZER INLET DUCT

PRIMARY HEATING COIL
BYPASS DUCT

CXIDIZER TANK PRESSURIZATICN DUCT
FUEL TANK PRESSURIZATICN DUCT

TABLE XII (Continued)

FUEL PREBURNER

CXIDIZER FUEL
~{LB/SEC) 64.66 T8.03
(PSIA) £049.58 £734.29
{DEG R) 205.92 296438
L1L8/SEC) 63.90 I 76490,
{(PSIA) 601€.78 5707.17
{PSI) 843.21 '531.60
(PSIA) 5175.57
(0/F) 0.8287
{LB/SEC) "142.69
(GEG R) 1728.83
FLCWRATE - DELTA P PRESSURE(PSIA)
{LR/SEC) {PS1) INLET DPISCHARGE
794.42 919,63 3876468 2557.05
205440 345448 3302.53 2957.05
Te25 451,90 24CB.94 . 2957.05
3.36 . 106441 3408.94 3392.53
1€.86 505.63 3408.94 2902.22
30.61 1434.,07 596577 4531.71
38.25 146.51 5993,28 5846477
1.76 2807.57 6189.21 3281.64
1.51 2280.35 5638.05 3357.69
4453 4066,71 4426.54 259,864
13.44 7274.19 7634.03 259,84
17.286 62.36 3471.30 3408.94
12.63 30451 3439 .45 3408.94
57.5¢8 40.35 3347.49 3207.14
2.25 57.46 4437,72 ' 4380.26
1.4C 1119.86 4380.26 3260.40
Ce65 1119.86 4380426 3260.40
0.7C 138.05 3586.98 3450.93

OXIDIZER PREBURNER

>

CXIDIZ2ER FUEL
21.79 35,97
5923.46 | £659.23
205.92 296438
2l.11 33,15
5907.39 £638.05
T26.56  457.24
518C .80
0.6326
56625
1405.60
TEMPERATURE(CEG R)
INLET  DISCHARGE
187.9%94 ‘187.94
1448.60 1448 .60
540.04 675442
540.04 - 596410
540404 714.98
540404 5406404
93.11 550,71
93,11 €£3.57
93.11 93,30
266.38 296.38
187.94 187.94
205.92 205492
539.G0 536.84
539,00 @ 54C.32
1242.43 1241.20
187.54 167.94
167.94 1211.79
237.94 167.94
*850.02 £50.02
535,00 539,00

€161 X110 038
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TABLE

NPL 6.0
- SCELLANFOQUS CCMPONENTS
OXIDIZER
LOW | PRESSURF PUMP DISCHARGE DUCT
LOW PRESSURE TURBINE INLET DUCT
O "HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1
- HIGH PRESSURE MAIN PUMP DISCH DUCT=~SECT 2
HIGH PRESSURE BCOST PUMP INLET DUCT-SECTION 1
“HIGK PRESSURE BOGST PUMP INLET DUCT-SECTICN 2
HIGH PRESSURE BCCST PUMP DISCHARGE DUCT ‘
: CXIDIZER PREBURNER INLET DUCT
; CXIDIZFR PREBURNER DOME
G : "FUEL PREBUZNER INLET DUCT
i FUEL PREEURNER -OCOME
THRUST CHAMBER DOMF
FUEL :
LCW PRESSURE PUMP DISCHARGE DUCT
LOW PRFESSURF TURBINE INLET DUCT :
LCHW PRESSURE TURBINE DISCHARGE DUCT
© HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE
HCT GAS' MANIFOLD CCOLANT DUCT-CXIDIZER SICE
HIGH PRESSURE PUMP DISCHARGE DUCT
MAIN. FUFL VALVE DISCHARCE DUCT
CHAMBER CCOLING JACKET INLET DUCT
CHAMBER CCCLING JACKET DISCHARGE MANIFOLD
FIXED NUZZLE COQOLING JACKFT INLET DUCT
COCLANT CONTROL VALVE INLET DUCT
CGCLANT [CONTROL VALVE CISCH CUCT & MIXER
j , FIXED NCZZLE 'CCCLING JACKET DISCH DUCT & MIXE
y . " PREBURNER SUPPLY SUCT
‘ FUEL PRFBURNFR INLET DUCT
j : OXIDIZER PREBURNER INLET DUCT
| ’ FUEL PREBURNER INLET MANIFOLD
j " OXIDIZER PRFBURNER INLET MANIFOLD

or1
2-6vS8-SSY

',iﬁz

Xt (Continued)

FLOWRATE DELTA P

(LB/SEC)

1047.98
164.06

901.77

195.09
106.68
104.43
€645
‘2179
21.34
b64.66
64421
794.42

147.32
29.91
17.28

12.63 -

145.56
68.86
30.61
30.61
38.25
T5.74
TS5eT4
38.25

113.99
72.03
35697
344,67

{PSI1)

55.22
143.21
159.82
55,02
26.68
11.18
" 4,91
42470
16.08
20.81
490.t3

56.C0
170.€1
86463
31.C5
62.89
85.4C
77.03
104.12
49.52
6§9.16
154.63
47.75

32.65 .

22.25

108.24

27.12
2l.19

5659.23

- PRESSURE(PSIA)
INLET DISCHARGE
415,05 359,84
L 4626422 4481401
4624422 4464 .40
4464440 4409.38
44644,40 4437.72
4437,72 4426454
7624.02 762912
7629.12 7586443
5923.46 5907.39
7629.12 7611.4S
- 6049.58 6018.78
4367.51 38T76.68
233.53 177.54
4427.59 4256.7E
35€6.98 3502.35
3502.35 3471.36
3502.35% 3439,45
618%9.21 6103.61
6084.,07 °  6042.6C
6042.80 5965.77
6531.71 4427.59
6042.80 5993.28
6084407 5994,.,91
5953.66 5799.02
584677 5799.02
5799,.,02 5766437
5767454 5734429
5767.48  5659.23
5734.29 5707.17
5638.05

TEMP
{DEG R)

168.91

1€7.94

167.94
1£7.94
187.94

T 1€T7.94

205.92
205.92
205.92
205.92
205492
187.94

39.37
550.71
539.G0
539.0C
539.00

¢3.11

93.11

93.11
550.71

93.11

93.11

93.11
6£83.57
296.38
296.28
296.36
296436
296.38

£L61 X1ar 03
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TABLE X!l (Concluded)

'‘NPL 6.0
1TSCELLANECUS__COMPONENTS
HOT GAS .
HIGH PRESSURE FUFL TURE INE INLET DUCT
HIGH PRESSURE OXIDIZER TURBINE INLET DUCY
"HIGH PRFSSURF FUEL TURBINE TURNAROUND DUCT
HIGH PRESSURE OXIDIZER TURBINE DISCPARGL oucT
HOT GAS MANIFOLD-FUEL SIDE
HOT GAS MANIFOLD-OXIDIZFR SIDE »
MAIN INJECTOR PCSTS-FUEL SIDE -
MAIN INJECTOR POSTS OXIDIZER SIDE
GNITER SYSTEM
MAIN CHAMBER
OXIDIZER PRIMARY SUPPLY DUCT
CXIDIZER BYPASS DUCT
OXICIZ2ER IGNITOR CIRCUIT
FUEL SUPPLY CIRCUIT

MIXTURE RATIO - O/F e | 0.7

OXIDIZER PREBURNER
CXIDIZER PRIMARY SUPPLY DUCT
OXTDIZER BYPASS DUCT
OXIDIZER IGNITOR. CIRCUIT
" FUEL SUPPLY CIRCUIT

MIXTURE RATIO - O/F 0.53

FUEL PREBURNER
OXIDIZER PRIMARY SUPPLY DUCT
OXIDIZER BYPASS DUCT
OXICIZER IGNITOR CIRCUIT
FUEL SUPPLY CIRCUIT

MIXTURE RATIO - O/F _ 0.67
 DATA RFAD 3. 6933 BALANCE 10.5600

"IN DATE C6/19/72

FLOWRAT
(LE/SEC

142.69
56425
144.46
57.58
144,46
57.58
144,46
57.58

0.27
0e40
0.67
C.94

0.46

C.23
0.69
1.30

. 0e45

0.31
0.76
1.12

€ DELTA P
) (PS1)

14.52
17.31
20.98

1C0.41.

53.0G9
402
5.03

4.61

360.33
318.46

1092.00 -

3127.02

1693.28
23.89
T12.34
478.43

1622.87
39.94
813.06
55872

4£46409.3
4367.5

PRESSURE(PSIA)

INLET DISCHARGE
5175.57 5161.0%
5150, £0 5163.50
3251.64 7 3260.65
3357.69 3347.49
3360465 3307457
3247 .49 330714
3307.57 - 3302.52

207.14 3202.53

8 4049.05
1 4049.C5

4049 .05 2957.05
6103.81 2957.C5
T5€6.43 5693.14
5917.03 5893.14
5893. 14 5180.80
5659423 5180.&C

T611.49 5988.63

6028.5
5988.6
573442

HEATEX 23.0067

6 5988.63
3 5175.57
g 5175.57

TOTAL 23.3167

-

TEMP
(CEG R)

1728.83
14C5.690
1572.48
1243443
1572.4%
1243.43
1572.48
1262443

167.94

187.94
187.94
°3.11

205.92
205,92
205.62
296.38

205.92
205492
205.92
296.38

HaS—SAd
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TABLE XVil

ROCKETDYNE SSME (75%)6.0

“NGINE VARIABLES = . © SYSTEM 0X1012€ER FUEL
THRUST - ‘ {LB) 352499.
MIXTURE RATIC - O/F : 6.0000
SPECIFIC IMPULSE {SEC) 456427 »
ATMOSPHERIC PRESSURE . (PSIA) 0.0 P
PRCPELLENT FLOWRATE {LB/SEC) 775.00 664,28 . 11G.71
PROPELLENT INLET TEMPERATURE {DEG. R) - 164,00 37.00
PRCPELLENT INLET PRESSURE (PSIA) : 100.60 30.0C
PROPELLENT INLET DENSITY (LB/FT3) ' 70.94 4okl
PRESSURIZATION FLOWRATE ~ = (LB /SEC) 1.88 0.53
PRESSURIZATICN PRESSURE {PSIA) ' 2548.37 2538423
PRESSURIZATION TEMPERATURE (DEG. R) 775.59 579.04
OVERBCARD LIQUID ELUWRATE ) {LB/SEC) 0.09 0.0
CVERBCARD. GAS FLCOWRATE (LB/SEC) 0.13
; - "HRUST CHAMBER VARIABLES
! = ‘
o THRUST (LB) 352499,
00 MIXTURE RATIO - O/F 6.0166
58 SPECIF1C IMPULSE L (LB/SEC) 456440
© © TOTAL FLOWRATE ’ : {LB/SEC) 71234 662,27 110.07
NS IGNITER FLOWRATE {L8/SEC) 1.35 0«54 - 0e21
"NCZZLE STAGNATION PRESSURE (PSTA) ) . 2224.44 .
INJECTOR END PRESSURFE (STATIC) (PSIA) 2225.77
THRUST COEFFICIENT - ; 1.9189
" CHARACTERISTIC VELOCITY (FT/SEC) 7652.57
GEOMETRIC THROAT AREA . : {IN2) 83.41
o AERODYNAMIC THROAT AREA {IN2) £2.58
§ GEOMETRIC AREA RATIO tAE/ZAT) 7750
; ‘ . : FLOWRATE DELTA P PRESSURE(PSIA) TEMP
; 'NTROL VALVE VARIABLFS {LB/SEC) (PS1) INLET  DISCHARGE (DEGR)
- OXIDIZER PREEUPNER OXIDIZER VALVE = 652.00 13,97 1802.91 5724.84 3921.93 19€.20 >t
5 FUEL PREBUKNE® QOXIDIZER VALVE - = 87.99 38,66  18&2.23  5727.17  3874.95 158.20 "?
: w
f _HECULED VALVE VARIABLES . . E‘”
; MAIN OXIDIZER VALVE R= 0.06117 . LUB. 44 318.63 3373.04 - 3054.41 182.69 »-F
: MAIM FUEL VALVE R= 0.06950 108,29 167.91  4552.67 4365.76 80.22 §§§

CCOLANT. CONTRUL VALVE R= 0.550C0 4Te23 255445 4349,92 4094.47 €0.22

Lkt .
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URPCMACH INE

PUMP INL
PUMP INL
PUNP - INL
PUMP  INL

pPuUMP LIS
FUMP DIS
PUMP IS
PUMP DIS

PUMP TIP
PUMP HFA
pPUMP VOL
PUNP HEA
PUNP FLC
PUMP- HCR
“PUMP EFF
PUMP SPF

TURBRINE
TURRINE
TURBINF

TURBINE
TURBINE

THRBINE
TURSINE
TURBINE
TURBINE
TURBINE
TURRINE
" TURBINE
TURBINE

. 7% 6.0
RY VARIAELES

ET FLOWRATE
ET PRESSURE
ET TEMPERATURE
£T UENSITY

CHARGE FLOWRATE
CHARGE PRELSURE .
CHARGE TEMPERATURE
CHARGE OEMSITY

SPEED
D RISF
UMETRIC FLOW-INLET
D CCEFFICIENT-PSI
W CGEFFICIENT-PHI
SEPOWER

ICIENCY
£D

FLOWRATE
INLET PRESSURE
INLET TEMPERATURE

D1SCHARGE PRESSURE
DISCHARGE TEMPERATURE

TIP SPEED

SPCUTING VELOCITY

1SENTROPIC VELCCITY RATIO -
PRESSURE RATIU - TOTAL/TOTAL
TORQUE

HCRSEPOWER

FFFICTENCY

SPEED

TABLE XVII {(Continued)

(LB/SEC)

(PS14)
(DEG. R)
(LB8/FT3)

(LB/SEC)

(PSIA)
(DEG. R)
(LB/FT3)

(FT/SEC)
(FT)
(GPM)
(EHP)
(RPM)
(LB/SEC)
(PSIA)
(DEGe R}

(PSIA)
(DEG R)

(FT/SEC)
(FT/SEC)
(FT-LB)
(BHP)

(RPM)

LOW PRESSURFE

OXIDIZER

664,286
100.00
164.G0
70.9380

£05.52
366.05
16€.26
T0.4567

22T.56
S40.1
“203.0
2355
- Qel1796

G42.3

0.6922
4457.56

141424
3389:99
182.69

366418

122403

116.70
256.34
0.4553

1110.26
942.3
0.5989
4457.58¢

“FUEL

110.71
30.00
37.0C

4.4075

116.71

196.18
38.97
4.41858

665.04

5377.0
11274.4
0.3912
0.205%2

1470.1

12701.30

21.78
3075.99
590.12

2650.04
579.04

410.11
2161.82
0.1880
1.1607
607.88
147C.1
0.5019
12701.30

HIGH PRESSURE
CXIDIZER
- BCOST

MAIN
805.43
323.46
168.26
T0.4567

£20.54
34%6,38
182.69
T1.0669

708,99
6464.4
5130.¢
C.4138
0.1183
12276.5
: 07711
245

69.09

3388.63

182.69

" T1.0669

5345E

5745.54

198.20

70.¢153

cg.

523.99
LT75.7

33k«
0.5596
0.0538

Tabe5
0.6232
0]

39.91
3583.65
1284460

2473.17
11E8,.29

1078.99
4034 ,40
Ce28674
1.4490
2790.94
13023.5
0.7C95
24508.06

FUEL

110.71
164,56

38497
4.40C1

116.71
4602.76
< 8g.22

Lo ES8T

1525420
120678.1
11272.3
l.64974
0.1550
3506846
0.7501
29373.93

96,21
3544492
1426460

2485,.06
1317.10

1306.03
4006421
0.3260
1.4265
627037
3506%5.9
0a 7795
26373.93

¢£L6T XL 02
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75T 6.0

LeURNER VARIAELES

INLFT FLOWPATE (INCLUDING IGNITER?

INLET PRESSUPE

INLFT TEMPERATURE

INJECTOR FLOWRATE

INJECTCP INLET PRESSURE

INJECTOR PRESSURE DROP

INJECTCR END PRESSURE

GAS MIXTURE RATIO

GAS FLCWRATE

GAS TEMPERATURE

IN INJECTCR VARIABLES
CRIFICE-OXIDIZER
CRIFICE-HOT GAS

HCT C8S MIXTURE RATIC ) C.5909

PRIMARY (LCMEK)IFACEPLATE~FUEL
SECONDARY(UPPFP)FACEPLATE-FU[L
BAFFLES~FUEL

ACCUSTIC CAVITY

ZLINCG CIRCULIT VARTIABLES
YAIN COMEUSTION CHAMBER
MAIN CHAMELCR NOZZLE
HIGH PRESSURE FUEL TUPEINE
CxILIZER PXCBURNER CASE
OXIDIZER TURSINF FND YFARING
POEFURNER PUMP REARING
HCT GAS MANIFCLD - FUEL SILE
HOT GAS MANIFCLD ~ OXIDIZEK SIDF
K PRESSUXIZATICN SYSTEM VARIABLES
HEAT EXCHANGFR HOT GAS
HEAT EXCHANGER OXIDIZER INLET DUCT
PR IMBACY HEATING CGIL
BYPASS DUCT ,
OXIDIZEQ TANK PRESSURIZATICON DUCT
FUCL TANK PRESSUFIZATION DUCT

TABLE XVI1 (Continued)

FUEL PREBURNER

' : UXIDIZER FUEL
{LB/SEC)  39.14 60.07
(PS1A) 3874.55 3983.06
{LEG R) 198.20 294.05
(LB/SEC) 38,67  159.20
(PS1A) 3863.75 . 3962.41
(PS1) 209.59 408425
(PS1A) 3554,16
(C/F) 0.6515
(LB/SEC) 99,21
(DEG R) 1426440
FLOGWRATE DELTA P PRESSURE(PSIA)
(LB/SEC).  (PSI) INLET  DISCHARGE
608.20 540.26 2766.05 2225.77
144.14 211.50  2437.27 2225.77
4.98 298.02 2523.79 2225.77
2.57 B86.52 2523.79 2437.27
13.37 346429 2523.79 2175.50
.20 298.02 2522,79 2225.77
21.76  1C4CeT7  4312.71 “3271.94
39.27 168.53  4299.13  4120.59
151 211776 4602.76 2455.06
1,06  1444.70  3917.87 2473.17
2.92 3055.17 338E.63 333,46
11.58 5412.08 57465.54 223,46
12.26 43.72  2567.51  2523.79
8.96 21.36  2545.17 2523.79
40,84 26425 2466.52  2440.27
1.66 40,08 3293.53  3353,.45
1.32 788.15 3353.45  256&5.30
0.5¢ 788.15 3353.45  2565.30
- l.08 16,92  2565.30  2548.27
0.83 111.61  2650.04  2538,.23

OXIDIZER PREBUKNER

OXIDIZER FUEL
14,44 26453
3921.93 3922.70
192,2¢ 294.05
13.9¢ 264451
3915.02  3917.87
319.66 322.51
3595.36
0.5672
39.91
1284460
TEMPERATURE (DEG R)
INLET  DISCHARGE
182.69 162469
1242.72 1242.72
579.44 T35.93
579.44 637.73
579.44 775.31
579,44 579.44
80.22 590412
80422 536420
£0.22 £0.52
294,05 294.05
182.69 1£2.69
195.20 198420
579.04 579.08
579.04 579.94
1153.62  1151.27
182.69 162469
162.69 1124.24
182.69 162.69
775.59 175.59
579.04 579.04

€61 X1e 03
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TABLE XVI! (Continued)
TY% 6.0 FLOWRATE DELTA P
¢ CSCELLANECUS CCMPCNENTS {LB/SEC) (PSI)
= gg CX1CIZER
G LOW PRESSURE PUMP DISCHARGE DUCT 8C5.52 32.59
: 8!2 © LOW PRESSURE TURBINF INLET DUCT 141.24 106.28
F’E: HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 67970 91.01
HICH PRESSURE MAIN PUMP DISCH DUCT~SECT 2 608,73 32.33
L g HIGH PRFESSURE BDOST PUMP INLET DUCT-SECTION 1 10.97 11.%
S ~ HICH PRESSURE BOCST PUMP INLET DUCT-SECTION 2 69.09 4.9
E%g% "HIGH PRESSURE #00ST pUMP DISCHARGE DUCT 53.54 1.89
, CXIDI2FR PREBURNER INLET DUCT 14.44 18.60
*17 OXIDIZER PREBURNER DCME 13.97 6491
©FUFL PREBURNER INLET DUCT 39.14 648
. FUEL PREBURNER DCUME 3E.66 11.20
THRUST CHAMBER DONME 668.20 2858.36
T FUEL ,
- LOW PRESSURE PUMP DISCHARGE DUCT 110.71 31.62:
ta LOW PRESSURE TURBINE INLET DUCT 21.76 - 121.79
v LOW PRESSURE TUREINE DISCHARGE DUCT ; 21422 60.76
% HOT GAS MANIFCLD CCOLANT DUCT-FUEL SI1DE 12.26 21.77
~ HOT GAS MANIFOLD COOLANT DUCT-0OXID1ZER SIDE 8.96 44,11 .
e HIGH PRESSURE PUMP DISCHARGE DUCT 109.20 49,09
~ MAIN FUEL VALVE DISCHARGE DUCT 61.04 32.33
CHAMEBER CCOLING JACKET INLET DUCT 21.78 40413
- CHAMBEK COCLING JACKET DISCHARGE MANIFOLD 21.78 T4.16
FIXED NCZZLE COCLING JACKET INLET DUCT 39.27 53,70
COOLANT CCNTROL. VALVE INLET DUCT 47433 35.84
COCULANT CCNTRCL VALVE D1SCH DUCT & MIXER 47433 62.56
FIXED NOZ2ZLE COCLING JACKET DISCH DUCT & MIXE 39.27 98.68
_PRIAURNEP SUPPLY DUCT 86460 24,17
" FUEL PREZUSNER INLET DUCT 60.07 25.30
OXI10TZER ‘PRCBURNER INLET DUCT ‘ 26453 75.67
FUEL PRESUXNER INLET ‘MANIFOLD 59,20 20.65
OXIDIZER PREBURNER INLET MANIFOLD 25.57 14.83

PRESSURE(PS]IA)

INLET DISCHARGE
2496428 23€9.99
3496438 3405437
3405.37  3393.52
3393,.53 3388463
5743.6% 5724 .84
3921.93 3915.02
5743.65 5137.17
3874.95 3843.75
3054.41 2766.05
196.18 164456
3197.78 3075.99
265C.Ca 255%9.28
2589.28 2567.51
2589.28 2545.17
4602.76 4552467
4365.76 4352.83
4352.83 4312.71
3271.54 3197.78
4352483 4299.12
. 4285.76 4349,92
4094 .47 4031.92
4130.59 4031.92
4031.92 LQ0T.T4
4008436 39£3.06
4C08.38 3932.7¢C
3983.06 3962.41
2932.70 3917.87

)

T TENMP
(0EG R)

168.26
1€2.69
182.69
1£2.69
162409
182.69
196420
194,20
198.20
198.20
198.20
1£2.69

32.97
&9G.12
579.C4
£75.04
579.04

€0.22

80.22

£€0.22
£90.12

tCe22

80.22

€0.22
526420
2%4.05
2%4.05
294.05
294.05
29%4.05

£LAT XIAL 03
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75% 6.0 : FLOWRATE
ISCELLANFOUS COMPCNENTS (LB/SEC)
HOT GAS '

HIGH PRESSURE FUEL TURBINE INLET DUCT 99.21

MIGH PRESSURE OXIDIZER TURBINE INLET DUCT 39.91

MIGH PRESSURE FUEL TURBINE TURNARDUND DUCT 100.73

HIGH PRECSSURE CXIGIZER TURBINE DISCHARGE LUCT 40 .84

HCOT GAS MAN1FCLD-FUEL SIDE 100.73

MOT GAS MANIFOLO-OXIDIZER SIDE 40.84

MAIN INJECTOR POSTS-FUEL SIDE 100.73

MAIN INJECTCR POSTS-OXIDIZER SIODE 40.84

CSNITER SYSTEM
MAIN CHAMSER

CXIDIZER PRIMARY SUPPLY DUCT 0.29
. OXIDIZER BYPASS CUCT Ue24
UXIDIZER IGNITCR CIRCUILT 0.54
FUEL SUPPLY CIRCUIT . 0.81

- MIXTURE RATIQ - O/F 0.66

19, OXIDIZER PREBURNER )

'k OXIDIZER PRIMARY SUPPLY CUCT 0ol
=& " OXIDIZER BYPASS DUCT -0.01
o & OXIDIZ2FR IGNITCOR CIRCULT 0.46

1 FUEL SUPPLY CIRCUIT : ; , 0.96

» . MIXTURE RATIC - D/F 0.48

FUFL PPEBURNFR
OXIDIZER PRIMARY SUPPLY DUCT 0.48
CXIDIZER BYPASS DUCT -0.01"
OXIDIZER IGNITOR CIRCUIT ' 0.47
"FUEL SUPPLY CIRCUIT G.87

MIXTURE PRATIC - O/F 0.54
N DATE C&6719772  DATA READ. 0.0067 BALANCE 6.6833

s,

| SRR TABLE XVI1 (Concluded)

HEATEX

DELTA P PRESSURE(PSIA)
{PSI) INLET DISCHARGE
9.24 3554.16 3544,92
11.72 3595.36  3583,65
12.70  2485.06 2472.36
6.65  2473.17  2466.52
32,05 = 24T72.36 2440,31
26.25 2466452 < 2440.27
3.04 2440.21 2437.27
3.00  2440.27 2437.27
436,66  3373.04 2936.328
118.02 3054.41 2936.3b
710.61 2936438 2225.7T7
2159.,99  4553,67 2225.17
1805.66 5T724.54 3919.18
0.02 3919.17 3519.18
323,82 2919.18 3595,.26
337.3¢  3932,70 3595,.26
1869.82 5737.17 3867.35
0.05 2867.,31 2867.35
313.19 - 3867.35 3554,16
428.90 3983.06 3554.16

2241733 TOTAL  22.4733

TEMP
(DEG R)

1426.60
1284.60
1204,.35
1153.63
1304.35
1153.63
1304.55
1153.63

1£2.69
182.69
182.69

80.22

198.20
1968.20
198.20
294.05

158.20
198.20
198.20
294,05

Y
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TABLE XXI1
; RUCKETDYNE SSME (ec2) 6.0 .
5 NGINF VARIAFLFS - SYSTEM OXIDIZER FUEL
THRUST e) 282000,
g ©. o MIXTURF RATIC - O/F ' 6.0000
[ e SPECIFIC IMPULSE (SEC) 455,83
: : ATMOSPHERIC PRESSURE (PSIA) 0.0"
PROPELLENT FLOWRATE (LB/SEC) 620.80 532.11 86469
PPCPELLFNT INLET TrMPERATURE (DEG. R) 164.00 37.00
PPOPELLFNT INLFT PRESSUPE tPSIA) 100.C0 20.00
PRCPFLLENT INLET DFNSITY (LB/FT3) 70.94 4.4
PRESSURIZATION FLOWRATE L (LB/SEC) . 1.68 ; O0.44
PRESSURIZATION PRESSURE C {PSIA) 2310.39 2029.68
PRESSURIZATION TFMPLRATURE (DEG. P) 764419 : 611.47
; OVEREQARD LICUID FLOUWRATE (LB/SEC) 0.07 0.0
3 OVERBUARD GAS FLCWRATE (LB/SEC) 0.11
i 72 HRUST CHAMBER VARIABLES
. .
o THRUST (Ls) 2820C0.
N & MIXTURE RATID - QO/F 6.0157
N w SPECIFIC IMPULSE (LB/SEC) 455,96
N TOTAL FLOWRATE (LB/SEC) 618,48 - 530422 88.16
IGNITER FLOWRATE (LB/SEC) 1.23 0.46 0.77
NDZZLE STAGNATION PRESSURE (PSIA) 1778446 ; :
INJECTOR END PRESSURE (STATIC) (PSIA) 1783.71
THRUST COEFFICIENT 1.9201
CHARACTERISTIC VELOCITY (FT/SEC) 7640439
GECOMETRIC THROAT ARFA {IN2) 83,41
: AERODYNAMIC THROAT AREA (IN2) 82.58
£ GEOMETRIC AREA RATIO - , {RE/AT) 77.50
: : FLOWRATE DELTA P PRESSURE(PSIA) TEMP
3 INTROL VALVE. VARIAELES (LB/SEC) (LPS1) INLET  DISCHARGE (DEGR)
; CXIDIZER PREQRURNER OXIDIZER VALVF  R=1126.30- 10.98 1932.68 4955.29 3022.561 194,19
- FUEL PRERURNER OXIDIZER VALVE R= 164.46 29.28  2305.31 4963.44 2953.13 156.19
| CHEDULED VALVE VARTARLES .
g MAIN CXIDIZER VALVE R= 0.20000 488.75 6T4.06 2954413  2320.07 181.54
E MAIN FUFL VALVF R= 0.24600 L6467 385.04 2941.98  3556.94 77.03
‘ COCLANT CONTROL VALVE R= 2.23000 28.00 374410 2544.00 3169.89 77.03

QAT

B
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TABLE XX11 (Continued)

’ : 6C3% 6.0
"BOMACHINERY VARIAHLES OXIDIZER
PUMP INLET FLCWRATE (LB/SEC) 532.11
PUMP INLET PRESSURE (PSIA) 100.00
PUMP. INLET TFEMPERATURE (0CGs R) 1€4.00
PUMP INLET. DENSITY (LB/FT3) 70.9380
PUMP DISCHARGE FLCWRATE (LS/SEC) 663.16
PUNP -DISCHERGE PRESSURE (PS1A) 358.37
PUMP. DISCHARGE TEMPERATURE (DECe. R) 168.45
"PUMP DISCHARGE DENSITY (LB/FT3)} T0.4149
PUMP TIP SPEED (FT/StC) 215.56
PUMP HEAD RISE (FT) 524,5
~PUMP VCLUMETRIC FLOW-INLET (GPM) 326467
PUMP  HEAD COEFFICIENT=-PS] 0.32632
PUMP FLOW COEFFICIENT~PHI 0.1518
OPUMP HCRSEPCWER (BHP ) 7617
PUMP EFFICIENCY 0.6662
PUMP SPFED - (RPM) 4222451
TURBINE FLOWRATE (LB/SEC) 131.C4
TURBINE INLET PRESSURE (PSIAY) 2962.20
" TURBINE INLET TEMPERATURE (DEG. R} 1€1.54
TUPRBINE DISCHARGE PRFSSURE (PSIA) 258.%0
TURBINE ['1SCHARGE TEMPERATURE {DEG R) 180,92
TURBINE TIP SPEED {FT/SEC) 110,54
TURBINE SFPOUTING VFLCCITY (FT/S5¢EC) 239.10
TURBINE ISENTRCPIC VELOCITY RATIC C.4623
TURBINE PRESSURE RATIC - TCTAL/TOTAL
TURBINE TORQUE ) (FT-LB) 947.39
TURBINE HORSEPOWER (BHP} T76%.7
TURBINE EFFICIENCY ) 0.5997
TURBINE SPEED (RPM) 4222.51

LOW PRESSURE

FUEL

88.69
30.6C
37.C0

4.4076;

88.69
188498
39.0C
404163

624.48
5143.7
9031.0
04244
0.1751
115340
0.7194
11926.80

17.56
26T72.77
622.77

2138.40
61l.47

385.10
2182.06
0.1765
1.1564
507.73
1152.0
0.4682
11926.80

OXIDIZER

MAIN
663,09
326027
168.4%

TU.4149

677444
3074,.,03
181.54
70.8750

645,28
5598.8
422645
0.4326
0.1671
894144
0.7549

8COST
55.60
3004.14
181.54
70.8750

4]1.24
4956L,.33
19¢419
70.3044

476.91
3990.7

281a2
0.5645
0.C457

51€.1
C.5770

22305.94

31.50

2806.860
1301.48

1974.94

1211.68 -

982.04
3967.11
0.2513
1.4212
2227.35
9459.7
0.6963
22305.94

HIGH PRESSURE

FUEL

68.69
168.68
39.C0
4.4043

82.69
2972.86
77.03
4.7733

1383.13
112163.8
90269
1.9032
O.136¢
24910.4
0.7325
2663T.E8

17.61
2T64.69
1380.98

1983.24
1282.85

1184.38
3835.68
0.3085
1.3%940
4511.73
24911.6
C.7689
26637.88

o
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FERUINEX VARIABLES

eC¥ 6.0
INLET FLOWRATE (INCLUDING !GNITER)
INLET PRESSURE = -

INLEY TEMPERATURE
INJECTOR FLOWRATE
INJECTOR INLET PRESSURE
INJECTOR PRESSURE DROP
INJECTOR END PRESSURE
GAS MIXTURE RATIO

GAS FLOWRATE

GAS TEMPERATURE

AIN INJFCTOR VARIABLES

CRIFICE-OXIDIZER

ORIFICE-HOT GAS

HOT GAS MIXTURE RATIO
PRIMARY(LCWER)FACEPLATE-FUEL
SFC“NDARY(UPPER)FACEPLATE-FUEL
BAFFLES~FUEL

ACOUSTIC CAVITY

~OLING CIRCUIT VARIABLES

MA-IN COMBUSTION CHAMBER
MAIN CHAMBEFR NOZZLE

HIGH PRESSURE FUEL TURBINE
CXIDIZER PREBURNER CASE

"OXIDIZER TURBINE FND BEARING

PREARURNER PUMP BEARING
HOT GAS MANIFOLD - FUEL SIDE -
HOT GAS MANIFOLD -~ OXIDIZER SIDE

4K PRESSURIZATION SYSTEM VARIABLES

HEAT EXCHANGER HOT GAS

HEAT EXCHANGER OXIDIZER INLET DUCT

PRIMARY HEATING COIL
BYPASS DUCT

- OXIDIZER TANK PRESSURIZATICN DUCT

FUEL TANK PRESSURIZATION DUCT

0.5679

TABLE XXII| (Continued)

(LB/SEC)
(PS1A)
(DEG R)
(LB/SEC)
(PSIA)
(PSI)
(PSIA)
{(C/F)
(LB/SEC)
(DEG R)

FLOWRATE
(LB/SEC)
488.66

113.76

4.02 -

227

10.%6

0.25

17.56
40.89
1le45
0.82
3.67
10.69
9.58
7.21

32.22
1.6¢
1.18
0.50
1.68
Oo44

FUEL PREBURNER

OXID1ZER PREBURNER

OXIDIZER FUEL
29.77 48,04
2958.13 3113.42
196.19 202.66
294,41 , 4735
2951.67 3097.03
179.87 1325,22
2771.80
0.6198
77.81
1380.98
DELTA P PRESSURE(PSIA)
{PSI) INLET  DISCHARGE
3649.71 2133.42 1783.71
163,09 1946.79 1783.71
249.68 2033,39 . 1183.71
‘86459 2033.39 1946.79
294,05 2033.39 1739.33
249,68 - 2033,39 1783.71
863432  3498.74 2635.42
189.74 3465.53  3275.79
1990.62 3973.86 198&3.24
1089414 2064.,08 °1974.94
2667.87 3004.14 336427
4632.06 4968.33 236.27
36.40 2069.79 2033.39
17.84 2051.22  2033.39
20.58 1969.73 1949.15
32427 300733 2975.05
649.55 2975.05 2325.50
649 .55 2975.05 2325.50
15.11 - 2325.%0 2310.39
98.52 2138.,40 2039.88

OXIDIZER FUEL
11.47 20.86
3022.61 3075.46
196.19 302.66
11.10 19.27
3018.32 3064.08
202.25 2428.01
2816.07
0.5726
21.50
1301.4¢
TEMPERATURE(DEG R)
INLET DISCHARGE
181.54 181.54
1222.19 1222.19
612.37 174,57
612437 66T.58
612.37 819.72
612.37 612,37
T77.02 622.77
77.03 c44Tel18
77.03 77.37
302.66 302,66
181.54 1e1.54
196.19 196.19
6114467 611.86
611.47 613.07
1176.94 1174.23
181.54 181.54
181.54 1147.11
161.54 181.54
T64.19 784416
611e47 611.47

161 Xar 02
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TABLE XXIt (Continued)

607 6.0 FLOWRATE DELTA P PRESSURE(PSIA) TEMP
SCELLANEOUS COMPONENTS (LB/SEC) (PS1) INLET DISCHARGE (DEG R)
OXIDIZER k
LCW PRESSURE PUMP DISCHARGE DUCT 663.16 22.10 " 358,37 336427 168445
"LOW PRESSURE TURBINE INLET DUCT 131.04 §l.83 3074.03 2982.20 181.54
- HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 1 546 .40 58.97 3074.03 3015.06 iEl.54
“HIGH PRESSURE MAIN PUMP DISCH DUCT-SECT 2 489.12 - 20.93 3015.06 2994413 1€1.54
HIGH PXESSURE BOOST PUMP INLET OUCT-SECTION 1 57.28 T.73 3015.06 30C7.33 lule54
HIGH PRESSURE BCCST PUMP INLET DUCT-SECTION 2 55.460 3.18 3C07.33 3004.14 = 18Bl.54
HIGH 'PRFSSURE BOOST PUMP DISCHARGE DUCT 41.24 1.13 4968433 4967.20 196.19
OXxIDIZER PREBURNER INLET DUCT 11a67 11.91 4967.20 4955429 196.19
P OXIDIZER PREBURNER DOME 10.98 4.29 3022.61 3018.32 156419
; FUEL PREBURNER INLET DUCT ) 2977 3.76 4967.20 4963444 196.19
‘ ‘FUEL PREBURNER [OME ' 29.28 6.45 2958.13 2951467 196.19
, THRUST CHAMBER OCME - 4BBL66 186.65 2320.0G7 2133.42 181.54
FUEL ) ’ )
LOW PRESSURE PUMP DISCHARGE DUCT . ER.69 20.30 188.9¢ 168.6E 39.00
o] LOW PRESSURE TURSBINE INLET DUCT . 17.56 101.15 2573.92 267277 622.77
a LOW. PRFSSURE TURBINE DISCHARGE DUCT 17.09 50.50 2128440 2087.90 611.47
! HOT GAS MANIFOLD COOLANT DUCT-FUEL SIDE 9.88 18.11 2087,.50 2069.79 611.47
o 0 HOT GAS MANIFOLD CCCLANT DUCT-OXIDIZER SIDE - T.21 36.68 2087.90 2051.22 611.47
© 8 _HIGH PRESSURE PUMP DISCHARGE DUCT 87.23 3l.88 3973.86 3941.98 77.03
o MAIN FUEL VALVE DISCHARGE DUCT 58.45 30.17 3556.94 3525.65 77.03
CHAMSER COOLING JACKET INLET DUCT 17.56 26.91 3525465 3498.74 77.03
CHAMBER CCOLING: JACKET DISCHARGE MANIFOLD 17.56 61.50 2635.42 2573.92 622.17
FIXED NGZZLE CGULING JACKET INLET DUCT 40.89 60.12 3525.65 - 3465.53 77.03
COCOLANT -CONTROL VALVE INLET DUCT " 28400 12.94 -3556,94 3544.00 77.03
COOLANT CONTROL VALVE DISCH DUCT & MIXER 28.00 184,45 3169.89 3151.44 77.03
FIXED NOUZZLE COOLING JACKET DISCH DUCT & MIXE 40.89 124.35 3275.7%9 315144 447.16
PREBURNFR SUPPLY DUCT 68.90 18.97 3151 .44 3132.48 302.66
FUEL PREBURNER INLET DUCT 48.04 2C.07 3133.49 3113.42 202.66
OXIDIZER PREBURNER INLET DUCT 20.86 58.03 3133.49° 2075.46 302.66
FUEL PRFEFBURNFR INLET MANIFOLD 47435 16.39 3113.42 3097.03 302.66
OXIDIZER PREBURNER INLET MANIFOLD 20.10 11.37 3075.46 3064.08 = 302.66

gy
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605 6.0

"ISCELLANEQUS CCMPUNENTS
HOT GAS .

RHIGH PRESSURE FUEL TURBINE INLET DUCT

HIGH PRESSURE OXIDIZER TUREINE INLET DUCT

HIGH PRESSURE FUEL TURBINE TURNAROUND DUCT

HIGH PRESSURE OXIDIZER TURBINE DISCHARGE DUCT

HOT GAS MANIFOLU-FUFL SICF
HCT GAS MANIFCOLD-GXIDIZER SIDE

. MAIM INJECTOR PCSTS-FUEL SIDE
MAIN INJECTOR PCSTS~-OXIDIZER SIDE

IGNITER
MAIN

C

F

v M
0X10

B ¢

8}

C

(3

s M
FUEL
C

18}

o}

F

; M
UN DAT

SYSTEM
“CHAMBER

OXIDIZER PRIMARY SUPPLY DUCT
Q

XIDIZER BYPASS DUCT
XIDIZER IGNITOR CIRCUIT
UEL SUPPLY CIRCUIT
IXTURE RATIC - Q/F
1ZER OQEBURNER
XIDIZFER PRIMARY SUPPLY DUCT
XIDIZER BYPASS DUCT .
XIDIZER IGNITOR CIRCUIT
UEL SUPPLY CIRCUIT
IXTURE RATIO -~ O/F
PREBURNFR ST
XIDIZER PRIMARY SUPPLY DUCT
XIDIZER BYPASS DUCT
XIDIZER IGNITOR CIRCUIT
UFL SUPPLY CIRCUIT
IXTURE RATIO - Q/F
E C6/19/73 = DATA REAC 0.0067

TABLE XX!!1 (Concluded)

0.60

0.52

FLOWRAT
(LB/SEC

T7.81
31.50
79.28
22.22
79.2¢
32.22
79.28
32.22

0.37
0.09
0.46
0.77

0.49 .

-0a.11
0.37
0.76

Ue49.

-0e 13
0.36
0.69

BALANCE 21.5400

E DELTA P
) (PSI)

7.12
9.27
9 .69
5.21
24 .45
1 20.98
2.32
2.35

690,01
15.95

520.41

1773 .24

1928.90

5.50

210.32
259438

Telh
1€9.16
341,61

HEATEX 33.1600 -

2002.47.

TOTAL

PRESSURE(PSIA)
INLET  DISCHARGE
2771.80 2764469
2816.07 2806.80
1683,24 1973.56
1974 .94 1969.73
1973.56 1969.11
1969.73 . 1949.15
1949.11 1946479
1949,15 1946.79
2994,.13 2304411
2320.07 2304.11
23C4.11 173,71
2941,.9¢8 1783.71
4655,29 3026.,4C
3020.89 3026440
3026.40 2816.07
3075.46 2816.07
4963.44 296C.97
2953.72 2960.97
2960.97 . 2771.80
' 3113,42 2771.80

33.4533

TEMP
(LEG R)

1380.98
1361.48
1264.90
1176.94
1264.90

‘1176.94

1264.90
1176.94

1t8l.54
181.54
161.54

77.03

196.19
196.19
196.19
302466

156.19
196.19
196.19
3C2.66

¢L61 XIar 02
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TABLE XXV |

POCKETCYNE SSME ' (50%) MPL 6.0

“NGINE VARTABLES - SYSTEM OXIDIZER FUEL
THRUST ' (L) 235000.
MIXTURE 2ATIO - UIF : : 6.0000
SPFCIFIC IMPULSE , ’ (SEC) 455.57 .
ATMOSPHERIC PRESSURE : (PS1A) 0.0 .
PPOPELLENT FLOWRATE "~ {LBZ/SEC) 517.77 ! %43 .E0 73.97
PROPELLENT INLET TEMPERATURE " {DEG. R) ‘ * 164,00 37.00
PRCPELLENT INLET PRESSURE (PSIA) L 100.00 30.00
PROPELLENT INLET DENSITY - (LB/FT3} ' : T0e%4 441
; . PRESSURIZATION FLOWRATE. _ (LB/SEC). 1.53 . .38
A PRESSURIZATICN PRESSURE (PSIA) 2214.59 1711.88
i PRFSSURIZATICON TEMPERATURE {DEG. R) . 830.49 637.97
: OVERBOARD LIQUID FLOWRATE {LB/SEC) . 0.06 0.0
: OVERBGARD GAS FLCOWRATE (LB/SEC) ; 0.09
= HRUST CHEMBER VARIABLES
7 : .
o e THRUST: : P (Le) 235000,
Y IR HIXTUQE RATIO -~ OIF : ) 6.0150
Lo NS " SPECIFIC IMPULSE : . (LB/SEC) 455.70
; o TOTAL FLOVWRATE . ‘ (LB/SEC) 515.69 442,18 : 73451,
; IGNITER FLOWRATF ’ ‘ (LB/SEC) . 1.13 0.39 074
NOZZLE STAGNATION PRESSURE ) (PSIA) . 1480.91
INJECTOR END PRESSURE (STATIC) (PSIA) 1487.57
THRUST- COEFFICIENT 1.9215 )
CHARACTSRISTIC VFLCCITY , (FT/S€C) » T630.20 .
GECHMETRIC THROAT AREA , {IN2) : 83.41
AERQDYMAMIC THPCAT AREA tIN2) 82.58
GEOMETRIC ARFA RATIO ' (AE/ZAT) & 77.50
. : FLOWRATE DELTA P PRESSURE(PSIA)  TEMP
NTROL VALVE VARIABLES : (LB/SEC) (PS1) INLET  DISCHARGE (DEGR)
- CXIDI2ER PREBURNER OXIDIZER VALVE  R=1621.50 942 2056467 4£54T.22 = 2490.55 196.30
FUEL PRESURMFR OXIDIZER VALVE R= 26£.90 23.72 2147.T4  4553.66 2405.93 196,30 R
. (=]
HEDULED VALVE VARIABLES ) , , - "i
MAIN OXIDIZER VALVF R= 0.40006 407.63 "940.86 2602.91 1862.06  18l.74 EE
MAIN FUEL VALVE o R= 0450000 T71.82  550.17  3548.80 2998.63 76.30 B
B
Jde

CUCLANT CONTRCL VALVE _ ‘ R= 5.00000 18.67 385.60 ° 2992.68 2607.08 T6.30
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‘ MPL 6.0 |
JRBCMACHINERY VARIABLES

"PUMP -INLET FLOWRATE
PUMP INLET PRESSURE
PUMP INLET TEMPERATURE .
PUMP INLET DENSITY

PUMP DISCHARGE FLOWRATE
PUMP DISCHARGE PRESSURE
PUMP DISCHARGE TEMPERATURE
PUMP DISCHARGE DENSITY

PUMP TIP SPEED

PUMP HE2D RISE

PUMP VCLUMETRIC FLOW-INLET
PUMP HEAD COEFFICIENT-PSI
PUMP FLOW COEFFICIENT-PHI
PUMP HORSFPOWER

PUMP EFFICIENCY

PUMP SPEED

TURBINE FLCWRATE
JURBINE INLET PRESSURE
TURBINE INLET TEMPERATURE

TURBINE DISCHARGE PRESSURE
TURBINE DISCHARGE TEMPERATURE

TURBINE TIP SPEED .

TURBINE SPOUTING VELOCITY

TURBINE ISENTROPIC VELOCITY RATIO
TURBINE PRESSURE RATIOC - TOTAL/TOTAL
TURBINE TCRQUE

TUREINE HORSEPOWER

"TURRINE EFFICIENCY

TURBINE SPEED

TABLE XXVII (Continued)

(LB/SEC)
(PSIA)

(DEG. R} -
(LB/FT3)

(LB/SEC)

(PSIA)
{DEG. R)
{(LB/FT3)

(FT/SEC)
(FT)

(GPM)

(BHP)

(RPM)
(LB/SEC)

(PSIA}
(DEG. R)

(PSIA)

(CEG R).

(FT/SEC)
(FT/SEC)

(FT-LB)
(BHP)

(RPM)

LOW PRESSURE

OXIDIZER

443,80
1C0.00
164.00
70.9380

- 569.01
357.94
168.95

70.3266

210.88

523.6
2808.0
0.3788

‘01294

673.2

0.6276 -
4130.82:

125.20

2774.89

181.74

358.05
181.09

108.14
229.84
0.4705

855.98
67342
0.60C4
413C.83

FUEL

73.97

. 30.00
$37.00
4.,4076

73.97
188.15
39,15
4.4115

60679
5116.7
0.4471
0.1503
992.4
0.6934
11588.89

14,91
2085.64
649.78

1802.54
637.97

374.19

2220.68
0.1685
11571
449,75

992.4
0.4778
11588.89

oo

HIGH PRESSURE

OXIDIZER FUEL
MAIN BOOST .
- 568.95 4T.84 73.97
341,64 2809.40 174.01
70.3266 70.6531 4.4031
582.64 34.15 73.97
2858,.99 4556.95 3571.27
181.74 196.30 7630

T0.6531  69.9471 4.6846

609,01 450.10 1287.80
5154.5 3561.7 . 1C1812.7

.3631.0 216.9 7533.5
04471 0.5657 1.9752
0.0975 0.0402 0.1227
7267.4 410.1- 19400.9
21051.95 24801.93
26%12 - . 64425
2327.75 2276417
1382.40 .- 1371.70
1647.28 1653.28
1292.30 1279.50
926483 1102.75
3904413 3753491
0.2374 ‘ 0.2938
1.4131 13768
1915.43 4108.59
7677.6 19401.9
0.6824 Q. 7554

21051.95 24801.93

v
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MPL 6.0

REBURNER VARIABLES

INLET FLCWRATE (INCLUDING IGNITER)
INLET PRESSURE

INLET TEMPERATURE

INJECTCR FLCWRATE

INJECTOR INLET PRESSURE

INJECTOR _PRESSURE DROP

INJECTOR END PRESSURE

GAS MIXTURF RATIO

GAS FLOWRATE

GAS TEMPERATURE

AIN INJECTOR VARIABLES

CRIFICE-CXIDIZER
CRIFICE-HOT GAS

HOT GAS MIXTURE RATIO & 0.5658

PRIMARY(LOWER)FACEPLATE~FUEL
SECONDARY (UPPER)FACEPLATE-FUEL

. BAFFLES-FUFL

ACCUSTIC CAVITY

JCLING CIRCUIT VARIAHBLES

MAIN COMBUSTION CHAMBER

MAIN CHAMBER NOZZLE

HIGH PRESSURE FUEL TURBINE
OXIDIZER PREBURNER CASE

OXIDIZER TURBINE END BEARING
PREBURNER PUMP BEARING

HOT GAS MANIFOLD ~ FUEL SICE
HOT GAS MANIFOLD - OXIDIZER SIDE

\NK PRESSURIZATIGN SYSTEM VARIABLES

HEAT EXCHANGER HOT GAS
HEAT EXCHANGER OXIDIZER INLET DUCT
PRIMARY HEATING COIL

© BYPASS DUCT

OXIDIZER TANK PRESSURIZATION DUCT
FUEL TANK PRESSURIZATICN DUCT

TABLE XXVII (Continued)

OXIDIZER FUEL
(LB/SEC) 24.23 40.02
(PSTA) 2405.93  2571.95
(DEG R) 196.30 316.52
(LB/SEC) 23.92 | 39.44
(PSIA) 2401.67 2558.07
(PSI) 119.64  '276.04
(PSIA) 2282.03
(0/F) 0+6056
(LB/SEC) 64425
(DEG R) 1371.70
FLOWRATE DELTA P PRESSURE(PSIA)
(LB/SEC)  (PSI) _INLET  DISCHARGE
407.67 24417 1731.74  1487.57
9% .43 135.77 1623.35 1487.57
3442 222.47 1710,04  1487.57
2.05 86.69 1710.04  1623.35
8.83 . 261.71 1710.04 1448.33
0.21 222447 1710.04 1487.57
14.91 724452 2952.67 2228.15
38,22 196,03 2918.43 2728.40
le4l 1517.99 3571.27  1653.28
0.68 886426 2533.54 1647.28
3.52 2467.75 ~2809.40 341.64
10.17  4215.30 4556.95 341.64
8438 32.10  1742.14 1710.04
6.12 15.73 1725.77 1710.04
26.71 1750 1642.85 162535
1.53 26,79 2811.76 2784.97
1.06 $56.50  2764.,97 2228.46
047 356,51  2784.,97 2228.46
1.53 13.86 2228.46 2214.59
0.38 90.66 1802.54 1711.88

FUEL PREBURNER

OXIDIZER PREBURNER

OXIDIZER FUEL
9.92 16.88
2490.55 2542.62 -
166.30 316.52
9.59 15.59
- 2487.38 2533.54
151.75 | 197.90
2335,63
0.6120
26.12
1382.40
TEMPERATURE (DEG R)
INLET  DISCHARGE
181.74 181.74
1237.44 1237.4%
639.82 804432
639.82 692.61
639,82 854.08
639.82 639.82
76430 649.78
7630 426.34
76.30 76.69
316.52 316.52
181.74 1€1.74
196420 196,30
63797 639.03
637.97 640.89
1254.70 1251.46
181.74 1ble74
161l.74 1223.82
181.74 181.74
830449 830449
637.97 637.97

‘€L6T X1ar 03
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N MPL. 6.0

MISCELLANELUS CCMPONENTS

OXIDIZER

CW PRESSURE PUMP DISCHARG
LCW PRESSURE. TURBINE INLET
HIGH PRESSURE MAIN PUMP DI
HICH PRESSURE MAIN PUMP DI
MIGH PRESSURE BCCST PUMP 1
HIGH PRESSURE BGCST PUMP I
HIGH PRESSURE RCDST PUMP D
OXIDIZER PREBURNFR INLFT D
OXIDIZER PREBURNER DOME
FUEL PREBUPNER INLET ODUCT
FUEL PREBURNER DOME
T=RUST CHAMBER DOME

FUEL :
LOW PRESSURE PUMP CISCHARG
LCW PRESSURE TURBINE INLET
LCW PRESSURE TURBINE DISCH
HOT GAS MANIFOLD COOLANT D
HOT GAS MANIFOLD CCOLANT D
HIGH PRESSURE PUMP DISCHAR
MAIN FUEL VALVE DISCHARGE
CHAMBER COOLING JACKET INL
CHAMBER CCOLING JACKET DIS
FIXED NGZZLE COCLING JACKE
CCOLANT CONTROL VALVE INLE
COQLANT CCNTRCOL VALVE DISC
FIXED NUZZLE COOLING JACKE
PREBURNER SUPPLY DUCT
FUEL PREBURNER INLET DUCT
CXIDIZER PREBURNER INLET D
FUEL PREBURNER INLET MANIF
OXIDIZER PREBURNER INLET M

TABLE XXVI1 (Continued)

FLCWRATE- DELTA P
(LB/SEC) . (PSI)

E DUCT 569.01 16.29

bucTy 125.20 84,09
SCH CUCT-SECT 1 457.43 41 .46
SCH DUCT~SECT 2 "408.06 14.61
NLET DUCT-SECTION 1 49.37 576
NLET DUCT-SECTION 2 47.84 2436
ISCHARGE DUCT 24,15 0.78
uCcT 9.92 i Be95
24.23 2451

23.72 4.26

40T.67 130.32

E DUCT : 73697 14,14
DUCT : ) 14.91 88.68

ARGE DUCT 14,51 44 .45
UCT-FUEL SIDE 8.38 15.96
UCT-OXIDIZER SIDE 6e12 32.32
GE UUCT ) 72.55 22e47
DucT 53.13 2541
ET DUCT 14.91 20.06
CHARGE MANIFOLD 14.91 53.82
T INLET DUCT 38.22 54.3C
H DUCT & MIXER 18.67 2.832
T DISCH DUCT & MIXE 38.22 124.14
£6.90 15.75

40.02 16.98

uct 16.88 46432
oLD 39444 13.88
ANIFOLD 16.27 9.08

PRESSURE{(PSIA}

INLET  DISCHARGE
357.94 341464
2858.99  2774.89
2858.99  2617.52
2817.52 §02.91
261752 281176
2811.76 = 2809.40
4556495 = 4556417
4556017  4547.22
2490455  2487.38
4556417  4553.66
2405.93 2401.67
1862.06  1731.74
188415 174.01
2174432 2085.64
1802.54  175€.10
1758410  1742.14
1758.10 . 1725.77
3571.27 © 3548.£0
2998.63  2972.73
2972.73  2952.67
2228415 2174432
2972473  2918.43
2998.63  2992.68
2607.08  26C4.26
2728440 2604426
26C4.26  2588.50
25€8.93  2571.95
2588494 2542462
2571.95  2558.07
2542.62  2533.54

EY ‘;“,.
s

TEMP
(CEG R)

168.95
181.74
161,74
181.74
161,74
181.74
156430
196.20
196.30
156430
156430
181.74

39.15
649,78
637.97
637.97
637.37

T6.30

76«20

T6.20
649.738

7¢.30

T6430

76430
42E.34
316.52
316.52
316.582
31652
318452

L5 Xme 0g
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 SCELLANEOUS

MPL 6.0
CCMPCNENTS
HOT GAS

HIGH PRESSURE FUEL TURBINE INLET DUCT

HIGH PRFSSURE OXIDIZER TURBINE INLET DUCT
HIGH PRESSURE FUEL TURBINE TURNARQUND DUCT
HIGH PRESSURE OXIDIZER TURBINE DISCHARGE LUCT

HOT GAS MANIFOLD-FUEL SICE
HOT GAS MANIFOLD-OXIDIZER SI1DE
MAIN INJECTCR POSTS—FUEL SIDE

MAIN INJECTCR POSTS-CXIDIZER SIDE
‘NITER. SYSTEM

MAIN CHAMBER
OXIDIZER PRIMARY SUPPLY CUCT
OXIDIZER BYPASS.DUCT
OXIDIZER IGNITOR CIRCUIT
FUFL SUPPLY CIRCUIT
MIXTURE RATIC - O/F

OXIDIZER PRERURMER
CXIDIZER PRIMARY SUPPLY DUCT
OXIDIZER BYPASS DUCT
OXIDIZER IGNITOR CIRCUIT
FUEL SUPPLY CIRCUIT:
MIXTURE RATIO - O/F

FUEL PREBURNER
CXIDIZER PRIMARY SUPPLY DUCT
OX10IZFR BYPASS DUCT
OXIDIZER IGNITOR CIRCUIT
FUEL SUPPLY CIRCUIT
MIXTURE RATIC - O/F

N DATE 06/19/72 DATA READ 0.0032

g T

TABLE XXVI!i (Concluded)
FLOWRATE DELTA P PRESSURE(PSIA)
(LB/SEC) ~ (PSI) INLET  DISCHARGE
64425 5.86 "2282.03  2276.17
26.12 7.88  2335.63 2327.75
65.67 7.95 1653¢23 1645.33
2671 4,43 1647.28 1642.85
65.67 - 20.07  1645.33 1625.25
26471 17.50 1642.55 1625.35
65.67 1.90 1625.25 1623.35
26471 2.00  1625.35 1623.35
0.43 937.58  2802.91 1865.33
~0.04 © 3,27 1862.06 1865.33
0.39 377.75 1 .65.33 14E&7.57
0.74 = 1511.05 3548.80 1487.57
0.53
© 0450 2045.52  4547.22 . 2501.70
-0.17 12.41 2489.28 250i.7Q
0.33 166.07 2501.70 2335.63
0.61 206.99 2542.62 2335.63
0.54 :
0.51 2133.76 4553.66 2419,90
-0.20 16.88 2403.02 2419.99
V.21 137.87 _2419.%0 2282.03
. 0.58 289.91 2571.95 2282.03
0.54
6.1567 HEATEX 17.9967 TOTAL 18.2867

BALANCE

TEMP
(DEG R)

1371.70
1282.40
1255.68
1254.70
1255.068
1254.70
1255.68
1254.70

161.74
181.74
181.74

76.30

196.30
196.30
196.30
316.52

196.30
186430
196.30
316452

£L6T XIIL 03
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