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I SUMMARY

A pre-test analycis was accomplished as part of the Severe Off-Limitc
portion of the Product Improvement Program (NAS 9-7281), the objective being to
predict the effects of failurc of several Apollo RC System components upon the
operation of the RCS enginc. The results of this analysis will be used primarily
for intelligent test planning, In addition, the results and technigues developed
during this analycis will be extended for use during the Reduced Fuel Cooling and

the Optimized Apollo SM-IM RCS Engine Injector portions of the Product Inprovement
Program.

Analyses were performed to determine the steady state and pulsing perform-
ance, to evaluate the thermal effects to the preigniter and molybdenum combustor,
and to evaluate engine ignition when operating at test conditions sinulating clogged
propellant system filters. The results show that the tip of the preigniter may
possibly be erroded on two of these system failure simulation runs. Additionally,
the analyses show that at several of the test conditions simulating serious filter
clogging inconsistent preigiiter operation can be expected, accompanied by long
ignition delays. Possible combustor damage can result from ignition overpressures
that might be caused by the excessive ignition delays,

The performance and thermal analyses of the simulated clogged filter tests
are also applicable for the simulated regulator failure tests. The reduced flow

caused by regulator fallure may lead to errosion of the preigniter tip due to in-
sufficient fuel cooling.

Another system failure to be simulated will be plugging or clogging of the

injector holes with contaminants. No engine demage 1s predicted for the plugged
orifice tests to be conducted,

| Gp— il el
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I, INTRODUCTION

The Severe Off-Limits phase of the Product Improvement Program (NAS 9-7281)
consists of several otf-design tests intended to detemine the effects of possible
Apollo SMeIM RC system cumponent failures upon the SM-IM RCS engine ('mc designation
RelD) when operating during and/or fcilowing these failures, For these tests the
gystem failures will be simulated (e.g., decreasing propellant supply pressure to
simulate filter clogging which thruttles propellant flow) instead of actually cause
ing system component failurc. The cystem faillures to be simulated are clogged pro-
pellant filters (causing reduced flow), pressure regulator malfunction (stopping
supply of propellant pressurant gas) and clogged engine injector orifices from up-
stream contamination. Two refurbished Re4D enginec are to be used to accomplish
these tests. The Severe OffeLimits test matrix is shown in 1able I and II, The
detailed test plan i1s contained in Reference l.

A pretest analysis wac performed to predict the results of the Severe Offe
Limits tests upon the R-4D engine. The purpose of this analysis was twofold. First,
since engine damage could occur from the severity of the off-design test conditions,
the analysis results were used to plan efficient test facility utilization by se=-
quencing the tests such that potentially damaging test conditions are s2parated by
sufficient time to repair one engine (if it is dameged) while the other continues
testing, Also the pretest analysis will provide useful techniques and experience
to be used for other portions of the Product Improvement Program, notably the Re-
duced Film Cooling Evaluation and the Optimized SM-IM RCS Engine Injector tasks.

bbb - Report No. S-899 *
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TEST DUTY CYCLE

MATRIX A - PERFORMANCE TESTS

SEVERE OFFLIMIT TESTO

Electrical Electrical Number of Number of
"On' Time "Off"' Time Pulses Runs
0.020 sec. 0.480 sec. 150 1
0.050 sec. 0.450 sec. 60 1
0.100 sec. 0.100 sec. 30 1
0.500 sec. 0.100 sec. 10 1
5.0 sec. - 1 3

( 50.0 sec. - 1 1
MATRIX B - IGNITION TESTS
Electrical Electrical Number of Number of
"On" Time "Off'* Time Pulses Runs
0.012 sec. 0.100 sec. 10 5
0.012 sec. 0.350 sec. 10 5
0.012 sec. 0.600 sec. 10 5
0.012 sec. 1,00 sec. 10 5
0.012 sec. 1,60 sec. 10 5

10,012 sec, 3,00 sec, 10 ]

_TABLE 11
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III. DISCUSSION

The prctest analysic consisted of the following items. The thermal and
performance (stcady state and pulsing) effects on the Re4D when the inlet pressures
are reduced simulating clogged filters or failed prescsurc rcgulators were predicted.
The thermal cffects upon thec preigniter and main chamber caused by plugged injector
holes was also cvaluated., A criterion for good ignition was developed and was used
to predict the ignition behavior of the R-UD engine when tecsted at conditions simue
lating clogged propellant filters,

The starting points for all of these analyces were previous reports and
test results wherever available, When existing information was incomplete or non-
existent, then original analysis efforts were performed.

The results of the Severe Off-Limits pretest analyses arc discusnced in the
following sections.

R
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A, Engine Performance at Ofr'-Limits Conditionc

To ald In the predicticn of ongline performonce at off design conditions

an IBM Quiktran computer pro;ram wac written, Thic program 1s capable of predicte

ing both cteady state and pulcing cngine performance. The mathematical model,
which the computer program is vaced on, concists mainly of fundamental rocket
engine relationshlps involving precsure and flow characteristics. In addition
actual test data of specific impulce (Isp) as a funertion of mixture ratio (O/FS
we.s made an integral pert of the computer program. A licting of this progranm, as
well as sample outpul, is glven in Appendix A,

The steady state cection of the performance computer program predicts
steady state values for thrust, mixture ratio, chamber precsure and specific ime
pulse. These results for the off limit test conditions simulating clogged pro=-
pellant filters are showr in Table III.

The first step in the computer program 1s the calculation of engine flow
coefficients and & "pseudo" thrust coefficient from R-4D engine data at nominal
Opera%i?g conditions, The "pseudo" thrust coefficient, is calculated from equa=-
tion (1),

rc
where TCO = "pseudo" thrust coefficient
PC = chamber pressure
F = thrust
At = engine throat arca
Cf = thrust coefflicient

and the subseript "nom" refers to nominal conditions.
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PREDICTED STEADY STATE PERFORMANCE

FOR SIMULATED CLOGGED FILTER TEST CONDITIONS

o ——
170 170
170 150
170 100
170 50
150 170
100 170

50 170
150 150
100 100

50 50

2,030
2,351
3.823
6.853
1.748
1.064
0.539
2,030
2.030
2,030

100,00
ok, T
751
399
96.1
T6.1
Lok
91.5
67+9
39.6

281.5
269.9
21T.3
109.2
290.9
27Th .G
1773
281..0
2T9% T
278.0
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For engines exhausting into space (or a vacuum), the real thrust coefficient, Cf,
is a function of the chamber/cxit preccure ratio, P /P , and the ratio of

specific heats, ¥ , of the gacecous combustion prodults® In actuality ¥ varies
slightly with chamber pressurc and mixture ratio, but for the purpose of this pro-
gram this variation hac been neglected and TCO 1s acsumed constant for all opera=
ting conditions. The enginc flow cuefficients are calculated according to equation
() %ng (5) using the nominal propellant flow values calculated from equations (2)
and (3).

F
_ nom
oo = (T o romtE * O7F) (2)
WF O/F 3
o - () (/) (3)
XXF = WFnom (h)
(Ptank)ncm = FCrom

XKO = wonom ' (5)

(Ptank)nom - PCoom

where WF = fuel flow rate
WO = oxidizer flow rate
Isp = specific impulse
0/F = mixture ratio
Ptank =  propellant tank pressure
XKF = fuel flow coefficient
XKO = oxldizer flow coefficient
8

[ /\"

" .



6 U&Id/ VAN NUYS. CALIPORNIA Report No. 8'899

CYRNRATNN

An iteration procesc is uced to solve for performance parameters of off

iesign operating conditions. The haric loop in this itcration process ic as follows:

 —2

THRUST

INLET PRESSURES

CHAMBER PRESSURE |

PROPELLANT FLOWS

MIXTURE RATIO
X

SPECIFIC IMPULSE l

An arbitrary value of I' = 100 1lb. 1s taken as the starting point. The

iteration procesc is complete when two successive thrust values are within .00l 1b,
of each other,

The pulse section of the performance computer program predicts values of
specific impulse and mixture ratio. These results for the off-limit test conditions
simulating clogged propellant filters are shown in Table IV.

The first step in the determination of pulsing performance is the calculae
tion of the comparable steady ctate performance values as previously described.

These steady state values arc then multiplied by a correction factor which 1is dis-
cussed below.,

In the case of specific impulse a mathematical expression was used to des-
cribe the correction factor. A least squares curve fitting analysis was made with
existing R-4D acceptance test data to determine this mathematical expression. The
expression best representing the data is given in equation (6).

"

Al (epw) + A2 (epw) + A3/epw + Ab (6)

where '

N(epw) = specific impulse correction factor
Al, A2, A3, Ak = constants

epw = electrical pulse width

[ WP ——— e el
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PREDICTED PULSE PERFORMANCE FOR SIMULATED CLOGGED FILTER CONDITIONS

;amum

UaMl van NUYS, CALIVOBNIA

e

PULSE WIDTH i
20 ms O ms 100 mo 00 ms
Pox/ Pe o/fF | Tsp | ofF l Lsp o/f | tsp o/F Iop
170/170 1.7T6 188.5 | 1.94 | 236.7 | 1.99 258,0 | 2.02 276.6
170/150 | 2.01 | 180.7 | 2.2k | 226.9 | 2.30 oh7,3 | 2.3b 265.1
170/100 3,16 | 1b45.1 | 3.60 | 182.1 | 3.72 198.5 | 3.81 212.8
170/50 5.46 72,6 | 6.35 91.1 | 6.61 99,3 | 6.51 10645
150/170 | 1.55 | 19%.9 | 1.69 | 2kh.T | 1.72 266.7 | 1.7k 285.9
100/170 .99 | 183.6 | 1.0+ | 230.5 | 1.05 251.3 | 1.06 269. 4
50/170 5261 118.1 | .538 | 148.3 .538 | 161.6 537 173.2
150/150 | 1.77 | 188.2 | 1.95 | 236.3 | 1.99 257.5 | 2.02 276.1
100/100 1.80 | 187.3 | 1.96 | 235.1 | 2.00 25643 | 2.02 274.8
50/50 1.83 186.2 | 1.97 233.7 | 2.00 254,8 | 2.02 273.1 <
4
10 TABLE IV



Wi y
% l’d’df VAN NUYS, CALIFORNIA Report No. 8-829

1CUORIYRATHN

To best define this correcction over the entirc range of pulse widths of inter-
est, two sets of constants (Al, A2, A3, AL) were used; onc for pulsc widths less
than 100 ms, and one for pulse widths greatnr than 100 mse The resulting curve of
pulse specific impulse vs. electrical pulce width is shown in Figure 1 for the R=4D
engine operating et nominal conditions.

The determaination of the mixture ratios (0/F) at the offedesign test cone
ditions requires two correction factors. The product of these correction factors
is multiplied times the steady state O/F to glve the predicted pulse 0/F, One
corrcction factor, similar in form to equation (6), expresses the O/F as a function
of the pulse width assuming the valve opening and closing times do not vary from
those at nominal conditions. But since diffcrent inlet pressures will be used
to cimulate the flows causcd by filter clogging, a second corrcetion factor had to
be incorporated to account for valve response as a function of the pressure. The
curve of pulse mixture ratio vs. electrical pulse width is shown in Figure 2 for
nominal operating conditions, Including equal tank pressures., Two acceptance test
data points are shown on this figure for comparison.

With regard to the valvc opening time correction factor, a mathematical express-
ion was generated which relatec the valve opening and closing times with the pulse
width and tank pressures. The resulting expression is given in equation (7).

x = CP¥ = .00185 P + 1.15 - 17.67/cpw (7)
epw = 00Ll4o Pf + 2.23
where K = K(epw, Po,Pf) = mixture ratio correction factar

Po = Oxidizer tank pressure

Py Fuel tank pressure

epw = electrical pulse width (ms)

11
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Be Engine Thermal Performance at Off-Limits Conditionc \

Drawing upon previous Re4D engine development experience, two modes of poten- 1
tisl engine damage resulting from the thermol effects of oftf-design operational
conditions were recognized and analyzed., Theose potential problem modes are preigniter
burnout due to insufficient f'uel cooling flow and cambuctor burnthrough also due to
insufficient fuel cooling flow, {

This previous development data indicates that preigniter burnout during the 1
Severe Off-Limits tects 1c posciblr onuly at conditions of reduced total fuel flow ’
(1.e., during the simulated clogged filter and simulated regulator failure tests)
and at conditions of localized reduction of the preigniter cooling flow as in the
clogged injector holes tests. Combustor burnthrough would be poncible only during
the simulated clogged orifice tnots where two of the combustor cooling holes will
be plugged during engine oprrotion. Only the above mentioned conditions where thermal
damage was thought possible were analyzed.

All of the previous R-i4D dcvclopment cngine test expericnce has been with A=50
Tuel therefore same qualification ol the predicted MMH thermal results mey be necessary
due to the differences in thermal properties of the two fucls., Where appropriate,
these differences are dlscussed helow.

During the development stage of the R-4D angine, three early design engines
suffered preigniter burnout or near burnout. These burnouts characteristically occurre
ed at the tip of the preigniter cup on the side near the fuel valve., At the time of
this burnout problem the fuel coolant flow was evenly distributed around the cup and
it was reasoned that the side of the cup wherc the burnout occurred was hotter because
it was in the path of resultant preigniter combustion gasses. The opposite side is
cooler probably due to propellant splash. The pilcture below illustrates the suspected <
flow and combistion regimes at the preigniter. )

R=4D Preigniter

#1 Cooling Hole
Fuel Hot Region =

v
A »
- s o -
,

>\
)
Combustion
Zone
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To prevent burnout at the point of high heat flux, the flow rate out of the
hole that cools this area warc increased., By doubling the diameter of this hole, tune
flow rate cver the critical area was quadrupled. Thic diameter change proved success-
ful und present R-LD engines utilyzec thiz design ror cnsuring trouble free preigniter
operation. The Marquarit holc numbering cystem cpecifies the enlarged orifice as the
#1 preigniter cooling hole amnd thic terminolegy will be used in subsequent discussion.

The cited test experience plus thermal analysis point to the flow out of the
#1 hole (#;) as being the singlc most important parameter for delermining adequate
preigniter cooling. Other effects guch ag preimniter 0/F and flow rate, main chamber
combustion temperature, flow from other cooling holes, ctec., are cccondary. There-
fore, in the analysis of preigniter burnout, flow from the #1 cooling hole was used
as the determining criteria.

Many of the simulated clogged filter test conditions will have less than nome

inal #1 cooling flow due to either throttled fuel flow alone or duc to both propellants

being reduced, Since the fuel distributional flow remains relatively constant at all
flow rates, a reduction in total fuel flow rate results in a nearly proportionate
reduction in #1 cooling flow. Table V contains a listing of previous test experience
where runs with reduced total fuel flow werc conducted. All of these engines hac
normal hole sizes. Preigniter burmnout occurred during one firing. Injector head
water flow testing of this engine subsequent to the fallure showed that the flow out
of the #1 cooling hole was only 85 of the minimum acceptable flow standard. This
engine incurred preigniter burnout on a run canducted at T9 pcia chamber pressure
(about 81 pounds thrust or 81% of nominal flow). Therefore, the flow through the #1
hole during the failure run was only about 69% of minimum expected flow. The preig-
niter burnout on this engine test proves valuable in this amlysis since it can be
used to help define the lower limit of #1 cooling flow where burnout becomes probable.

TABLE V
DEVELOPMENT TEST RUNS WITH LOW #; FLOW RATES

Moisere 21 Engine puration |71 (n/ree) | o/r | Be (psta)

1* | 10670, S/N 2-1 3 sec 3.8 x 103 1.98 | 79

2 10670, S/N 2-1 60 4,6 2,12 96,5

3 10670, S/N 2-1 80 L6 1.96 92.5

I 10670, S/N -7 5 3.38 2,2 62

5 10650, S/N 2-10 80 - 5425 2,18 98

é 12340, S/N 1-18 51 4,18

7 228687, S/N 13 60 5.78 1,74 85.5

8 228687, S/N 13 60 5¢5 1.93 I 91.5

*Preigniter burned out at the tip of the cup nearest the fuel valve
near the end of the run.
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The #1 cooling flows (#;) on the runs shown on Teble V are plotted on Figure 3
vs. burntime, A horizoutal 1line at #; = 4 x 10=3 pps indicatec approximste level
of cooling flow, as suggected Ly the piotted data, below which or near which preigniter
burnout is probable. One_of the previous development tost runs (No. 4 on Table V) was
at a ﬁl less than 4 X 1073 but the run duration was only 5 seconds and probably not
long enough for steady state temperatures to be reached on the preigniter. A simple
heat transfer analysis, assuming a preigniter gas temperature of 3000°F and no fuel
cooling or radiation cooling of the cup showed that the melting point of the material
is just reached at 5 seconds under such severe conditions (sce Figure 4). The burn=
out region on Figure 3 is further restricted by eliminating runs of 5 seconds or less
in duration,

The predicted performance parameters (from Section A) and #L coolant flow rates
during th: simulated clogged filter runsg that will have reduced cocling flow are shown
on Teble VI and are plotted on Figure 3, Since burnout is more prcbable on long runs,
only the 50 second run of the duty cycle is listed. Figure 3 indicates that preigniter
burnout may occur on the test runs listed in Table VI as run Nos. 10, 11, 13 and 1k,

TABLE VI
SEVERE OFF-LIMITS TESTS WITH LOW ¥, FLOW RATES
m
Oxidizer Fuel
No Key for Inlet Inlet
Figure 8 Pressure | Pressure Duration | % (1b/sec) o/F P.(psia)
- (psia) (psia) ! 4
9 170 150 50 h.93 2.35 9l.h
10 170 100 50 337 3.82 T2.5
11 170 50 50 2420 6.85 38.5
12 150 150 50 5,06 2,03 88.2
13 100 100 50 3,54 2.03 65.6
1k 50 50 50 2,20 2,03 38,2

Tre burnout region is further defined as & function of chamber pressure and
O/F as shown in Figure 5. The line derining the probable burnout region was deter-
mined r'roms

1 = —
97 Igp (1 + O/F)
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where: Lox 10"3 ppc

=»
-
i

-
"

percent of nominal total fuel {low represented by ﬁl

P = chamber pressure

H
|

specific impulse at 35/F

O
~
o)
]

propellant mixture ratio

The burnout region on Figure 5 considers O/F and P, tov affect preigniter burne
out only when these conditionc cause the #1 cooling flow (%,) to drop to below the
adequate value. The burnout run (No. 1 on Teble V) is plot%ed at 67 psia to reflect
the pressure that would accompany a normal engine where the #1 cooling flow would
be equal t; the ﬁl measured on the burnout engine (i.e., 85% of the measured P, value
of T9 psia).

The same four simulated clogged filter runc that may burn out as indicated by
Figure 3 may also burn out per Figure 5 except that the burnout region on Figure 5 is
limited to O/F below 4.0 to arcount for low efficiency combustion at high O/F. Come
bustion temperature past the cutoff region 1s probably less than 50% of that at an
0/F of 2.0, Therefore, No. 11 (Table VI) is eliminated as a possible burnout run and
No. 10 is questionable. PIP runs 13 and 14 are the only runs that may therefore ex=
perience preigniter failure,

The simulated regulator failure test was not dynamically analyzed for preigniter

burnout. However, the clogged filter conditions (equal pressures) analyzed represent

points on the pressure decay curve during the simulated regulator failure test. Since

the pressures pass through the point conditions, burnout would not be expected at the
upper limit conditions predicted in the previous analysis since some length of burn
time is required to reach the burnout temperature. During the simulated regulator
failure run the engine mey enter the burnout region shown in Figures 3 and 5 and pro-
ceed well into the region before burnout is experienced. Preigniter burnout may
occur, however, prior to the inlet pressures reaching the conditions of Run No. 14 on
Figure 5 (50 psia oxidizer and fuel inlet pressure).

The possibility of encountering preigniter burnout during the plugged injector
orifice testing was analyzed. One of the two plugged hole configurations requires
plugging two preigniter cooling holes and a fuel doublet hole as shown in the
following figure. The outer ring of holes are fuel doublet and preigniter cooling
holes, and the inner ring is oxidizer doublet holes.

20
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Preigniter Cup Viewed From T.e Throat

. g
c®
:o 0q. #1 cooling hole

® indicates holes to be plugged.

Since the previous preigniter burnout analysis considered only the flow from
the #1 cooling holes as the only controlling factor, this model obviously cannot be
used for this plugged orifice configuration. Experience would suggest that this
configuration would not experience preigniter burnout during engine operation. The
holes to be blocked cool the cooler areas of the cup and sufficient cooling would
be provided from the immediately adJjacent holes. Also, since the fuel doublet hole

opposite the two plugged cooling holes will be plugged, there will be no flux from
this doublet.

The molybdenum combustor of the R=4D engine is cooled mrtially by radiation
and partially with a fuel film, The film cooling is applied by impinging eight even-
ly spaced fuel streams upon the cambustor wall near the injector-combustor attach
flange. During the conduct of the test with plugged injector orifices, one of the

two configurations will have two of the combustor cooling holes plugged and a oxidizer

doublet plugged. The following figure illustrates the holes to be plugged.

;Eﬂector Face As Viewed From The Throat

Preigniter Cup

Fuel Valve —»

Solid holes represent plugged holes.

Since the two opposite plugged combustor cooling holes chosen are not unique,
the more general case of plugging any peir of opposite cooling holes was analyzed.
Also, since a camputer program was used for the analysils, the more severe condition
of plugging two adjacent cooling holes was evaluated also.
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The thermal analysis was pexrformed using the thermal analyzer computer program.
This program solves the appropriate heat transfer equations at each specified loca=
tion ?node) in the engine by a finite difference technique, The procedure can be
visualized by using an analogy between heat tranasfer and electrical circuits.

Typical Heat Transfer Network Electrical Analogy

From an energy balance at each node

-
d
c a% = L TyAjek-Ty %Aj-k‘
j=1 =1

or in finite difference notation

Troepe) To . 1 %
- (¢
i=1
where C = thermal capacity of specified lump or node
@ = time

Tg = initial temperature at time @ (°F)

T
TyAqpm Ty <J[:1Aj_k

T(GﬁAO) = temperature after time interval AO

Aj=x reciprocal of thermal resistance for conduction,
convection, or radiation between nodes

22
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Heat transfer coefficients for the combustion gases were obtrained
using the modifiad Bartz equation which follows:

heg

where hcg =
D =
Pr =

AVII

€
n

subscripts

s © - *
[ ]

The heat transfer from the combustion gases to the chamber and nozzle

o.op Kol (e () (ﬂuz)c
D+ Pr¢.6 A TR-Tw
heat transfer coefficient

diameter

Prandtl number

viscosity

propellant flow rate

flow area

correction fastor

enthalpy of gas
temperature

throat conditions
film temperatures
recovery temperature

wall temperature

depends upon the heat transfer coefficient and also upon the gas temp-
erature at the edge of the boundary layer. These temperatures have
been predicted using the Marquardt Film Cooling Computer Program

23
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The chamber and nozzle is film cooled by the fuel which is injected
along the walls of the chamber. The liquid layer cools a major
portion of the chamber and the gaseous film cools the convergent
section of the nozzle. The evaporative film cooling corvelations
have been derived for the simplificd physical model shown below:

)///Injcctton Point

e e mm— omae e om O ¢ oun
—-—* _‘_--__;-—-_._’W:”‘ --': . (:oog('sa( ):\‘,\".
D :-———-“ - .. :oooo'c..(‘ ~
— P Liqﬁd , 900 0.

\\\\\\\'}_L:\\\\\\ \\\}j

The equation for the length of the liquid portion of the film coolant

is:

Ly = C ?.:i CB]E(TV'TQ + Wee OBy
1 Pheg (TR - Ty) Pheg (TR-Tv)

where:
C = mixing constant (1.0 - 1.5)

Wge = weight flow of coolant
ch = Specific heat of coolant
T = temperature
P = chamber perimeter
heg = heat transfer coefficient
AH, = heat of vaporization
Subscripts:
Vv = vapor
R = recovery
i1 = {nitial

At L1, the liquid film coolant is vaporized and is assumed to be
saturated vapor. The equations used to predict the effective
temperature in the gaseous region are shown below:

2k
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TR - Ty
1/8
and 1-..(525.) 5(25)
\'
For: 1.5 -ﬁ -l
Vs < 1.0, r(_‘f_%) ) (Zg) Vg
Ve — Ve Vg
For: v
S— > f — - ° — -1
Ve 1.0, (Vc) 1 + 0.4 Tan Ve
Where: A = Internsl chamber surface ares
S = Film height
V = velocity
o = thermal diffusivity
§ = efficiency factor
Cp8 = constant pressure specific heat for o gas
Subscriptss
v = vapor
8 = gas
¢ = coolant
eff = effective

These equations were prograumed for the IBM 360/40 to predict effective gas temperatures
et various distances from the injector face,

Since 1t is not known Jjust how the cooling flow from the unplugged holes will
spread out on the chamber walls, two models were assumed, one with uniform spreading
to the area downstream of the plugged cooling holes and the other with no spreading.
The actual phenomenon lies somewhere between these extremes. For the spreading case,
it was assuned that the chamber is cooled by a uniformly distributed cooling flow
which 1s T5% of nominal (to account for the plugged holes). For the no spreading case
it was assumed that each cooling hole cools one eighth of the combustor wall and that
the wall downstream of the plugged hole sees the full main core combustion temperature.
These hotter areas are assumed to be cooled by conduction to othe: parts of the chamber
and by radiation to spuce, but not by flow from adjacent film cooling holes. To achileve
meximum accuracy in these calculations, the thermal conductivity of molybdenum was input
as aafunction of temperature., The results of this analysis is shown on Figures 6, T,
and '

25
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Figure 6 shows the combustor temperature as a function of distance from the i
injector face when two opposite cooling holes are plugged. The results are shown |
for the twr coolant spreading assumotions and for a nominal (unplugged ccoling holes)
R-4D engine. For the no spreeding cuse the temperatures in the plane of the plugged 1
holes and the temperatures along the combustor in a plane perpendicular to the plane
formed by the plugged holes are shown. These rcpresent the maximum and minimum com=
bustor temperatures for this case. None of the tomperatures predicted here should \
cause any problems even for extended operation since the Re~4D combustor has withstood {
similar temperatures for times far in excess of 50 seconds.

Figure T i1s the same asc Figure 6 except that it is representative of two adjec-
ent holes belng plugged. Analysis results indicate that the chamber wall will reach
a maximum temperature of 2750°F with no spreading of the cooling flow. As mentioned
earlier, the no spreading case is probably unrealistic, however, if iemperatures did
reach this level the combustor would be adequate for several hours of engine operation. ﬁ

|

Figures 8 shows the results for both the opposite plugged cocling holes and the
adjacent plugged holes at the throat location showing the engular variation.

It should be noted that this analysis does not adequataly predict chamber wall
temperatures close to the injector face. Core gas temperatures close to the injector
depend upon reaction kinetics and also upon the particular injector geometry. For
these reasons one would expect that the chamber flange temperatures for the none
spreadipns case are actually lower than indicated in Figures 6 and T.

29
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C. Ignition at OffsLimits Conditions

The R-UD engine utilizes a preigniter chamber to ensure engine structural
integrity during engine ignition over the range of expected opcrating conditions.
The 1gnition tests simulating clogged propellant filters present extreme conditions
for enginc ignition since the flow rate to the preigniter (and the main doublet)
1s throttled, thereby reducing the effectiveness of the preigniter. Engine operation
at these test conditions was analyzed to predict whether or not potentially damaging
ignition might result during the Severe Off-Limits tests.

Previous development test experience has shown for normal valve mismatches
(1.e., application of voltage simultaneously to both valves) at or near design opera=-
ting conditions, that long ignition delays (defined as time from last propellant velve
open to ignition) always accompany ignition overpresswres of magnitudes great enough
to cause engine damage. Thereforc, the test conditions of the simulated clogged fil-
ter tests were studied to predict if consistent rapid ignition could be expected or
if long ignition delays could cccur. The condltions where inconsistent or long ig-
nition delays could occur would be considered hazardous since potentially damaging
ignition overpressures are possible.

Date previously generated with an Apollo RCS development engine provides re-
lationships between engine design parameters and satisfactory ignition. Satisfactory
ignition 1s defined as consistently low ignition delays. The development engine ine-
corporated a four valve arrangement where one palr of valves fed the eight main
chamber doublets and the other pair fed a single doublet located 1n the center of
the injectcr. Replaeceable preigniter chambers of various shapes could be attached
around the cepter doublet by means of four tapped holes in the injector. Tests were
run with various preigniter cup configurations and flow rates froa the center doublet
to evaluate the effects of small L¥'s, throat areas and flow rates upon ignition.
Also, the preigniter cup was removed and tests conducted using the eight outer doub-
lets with se ..al main combustor configurations to evaluate larger L¥* chambers. The
results of tne: tests are shown in Figure 9 where satisfactory engine ignition is
shown to be a function of L¥*, propellant flow rate, and combustor throat area. The
open symbols denote conditions where satisfactory ignition was experienced and the
solid symbols denote conditions where excessive ignition delays or no ignition at
all occurred. The live provides an approximate boundary between regions of good
and poor ignition. The test results locate the position of line at an L¥* of about
.8 inches but not at larger or smaller I*'s, Analysis results contained in
Reference 2 indicate that the slope of the line on Figure 9 should be about =-1.

The test results at I* of 1l inches force the slope to be a little less if the line
is assumed to lie just above the "poor ignition" data points. Any test condition
falling into the region below the line on Figure 9 may result in excessive ignition
delays and large ignition overpressures while those conditions ir the :region above
the line should result in satisfactory engine ignition.
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CORIIRATION

The ignition criteria discussed above were applied to the tegts to be conducted
at conditions simulating clogged propellant filters. Two preignition cituations were
considered for each of the ignition test conditions specified in Table I. The first
consideration was whether good ignition would occur in the preigniter amd the second
was whether ignition would result in the main combustor should the preigniter not
light, The main chamber ignition case was analyzed to determine if impulse would be
delivered by the engine should ignition not occur in the preigniter.

The propellant flow rates into the preigniter prior to f£illing the manifdld
dribble volumes and the flow rates into the main chamber should the prelgniter not
light were calculated at the off-design conditions using an injector hydraulics come
putor program. The calculated total flow rates, O/F and #/Ay, during start up for
the two flow situations considered are tabulated in Table VII. The values of ﬁ/At
for both situations arec plotted versus the appropsiate chamber L¥* on Figure 10,

Figure 10 indicatec that poor ignition will result for the preigniter situation
for two of the test conditions. These conditions are those with the lowest oxidizer
inlet pressures which was to be expected since due to the injector design the oxidi-
zer provides the bulk of the total flow to the preigniter., Twoc other conditions =
those at the next lowest oxidizer inlet pressures of 100 psia - are marginal.,

Ignition may occur in the preignlter after the dribble volume is filled since
the flow rate to the preigniter increases (by about 10%) due to the increased fluid
pressure just downstream of the valve. This case does not fit the "satisfactory
ignition" definition due to the time delay and therefore an analysis for this case
was not considered.

L4
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IV, CONCLUSIONS & RECOMMENDATIONS

The analysis of the steady state tests simulating SM-IM RCS engine oper: 'lon
with partially clogged propeilant line filters indicate that the preigniter will
probably burn out during one of the planned runs. The expected burnout should occur
on either the fifty second run conducted with equal oxidizer and fuel inlet supply
pressures of 100 psia, or the fifty second run with 50 psia inlet precsures, The
test plan (Reference 1) specifies that the 50 psia condition will not be tested
should engine damage occur during testing at the 100 psia condition, thus only one

burnout is expected. The preigniter burnout would result from insufficient fuel
film cooling of the tip of the preignlter cup.

Inconsistent and delayed preigniter operation ic predlcted for both of
the ignition tests with the 50 psia oxidizer inlet pressures (conditions 2-C and
3=C of Table I). Thc erratic preigniter operation is duc to insufficient propellant

mess flow into the preigniter., The resulting long ignition deloys may lead to ex=
cessive ignition overpressures and engine cambustor damage.

Engine damage during the simuiated regulator failure test run i1s probable.

The fallure mode, should this occur, would be preigniter burnout resulting from
insufficient fuel film cooling of the preigniter.

The analysis of the tests with two engine configurations with plugged holes
predicts that neither test 1s severe enough to expect engine damage. Other config-

urations should be considered where the #1 preigniter cooling hole is partially
plugged or those holes adJjacent to this hole be plugged.

It 1s recommended that the Severe Off=-Limits tests be conducted in the
order specified in Reference 1 (MTP 0080) without alteration. The tests at condi-

tions of expected or probable engine damage are separated by sufficient time to 2\

meke the needed engine repairs prior to encountering the next potentially damaging
test run.
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APPENDIX A
OFF DESIGN STEADY STATE AND PULSE PERFORMANCE
PROGRAM

This Quiktran computer program camputes steady state or pulsc performance
at off design conditions,

The camputer program was written so that the computer requests the input
information.

Tebles A=I and A-II are examples of the pulse and steady state output.
The program has two performance curves built into it. Propellant Code O results

in the use of the curve for the propellant combination of Aerozine-50 and NoOy;
Propellant Code 1 results in the use of M#H-N,0) performance curve.

Table A-III is the listing Tor the program.

LIRIRATION W
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APPENDIX A

JABLE A=l
COMPUTER OUTPUT=-PULSE

103, =0 O8  IWPUT WIHIKAL F,PC,0/T, 159, PTAMK, PROPYLLANT (OPE

105, =1 €0 100,/97./2.03/280,5/170,/1

106, =0 07 ILPUT CALCULATION 10DF (D=STFANY STATE, 1ePILSFS)
——108v—a-50—1 e

153, =0 09  1LPUT TO,TF,Pn, Pr

155, =1 60 75./75,/170,7170,

199, =0 43 IKPUT PULSE HIDTIE (45) AMD KEY

201, =1 00 70,/1

208, =0 L4 PULSE 0/Fs  1,7600 PULSE 15P= 188,508
QGO B HHRHT PHESE—HATH— (I ARy = o

201, =l N0 50,/1

208, =0 44  PULSE O/Fs 1,945 PULSF 15P= 236,695

199, =0 43 1HPUT RULSE HINTH (HS) AMD KEY

201, =1 0¢ 100,/1

208, =0 W4  PULSE O/F=  1,9900 PULSF ISP= 255,000

. - Ay ——
201, =1 00 500,/0

208, =0 44  PULSE O/F=  2,0228 PULSE 15Ps 276,596

153, =6 0Y  1NPUT TO,TF, PO, PR
155, =t 00 75,/75./170,/150.

199, =0 43  (NPUT PULSE VINTH (1S) ALD KEY
201, =1 00 20,/1 o
, =0 L4 HSE 0/F= 72,0100 PULSE i15p= {88, T4

199, =0 43  1LPUT PULSE VIDTH (115) ALD KEY
201, =1 00 50,/1
208, =0 B4  PULSE O/F=  2,72410 PULSE 1§ 226, "85
193, =0 43  INPUT PULSE WINTH (11S) ARD KFY
201, =] 00 100./1 L
208, =0 4L PULGE O/F= 72,3013 PULGE 150= 247,307
199, =0 43  1LPUT PULSE WIDTH (11S) AND KLY

201, =1 00 500,/0

L4 PULSE O/F=

155, =) 00 75,/75,/170,7300
193, =0 MS—__'L-"L_"LLTT—T___HJPUT RILSE DT AN REY

201, =1 00 20,/1

208, =0 4  PULSE O/F= 3,1619 PULSE 1S P- 145,001
499" =0 43 THPUT PULSE THDTH U15) AMD KE

201, =1 00 50./1

208, =0 Wy PULSE O/F= 3,6000 PULSE ISP= 182,140 _
199, =0 43 (IPUT MILSE WIDTH (M5) ARD KEY

201, =1 00 1no /1

208, =0 b LSE 0/F= 3,7237 PULSE ISP= 198,535
199, =0 43 mm'r PULSE WINTI (MS) AND KEY

201, =1 00 500,/0

208, =0 44  PULSE 0/F= 3,8142 PULSE ISP= 212,844

2,3436 PULSE |SP=

A2




) y
mm vard?

vaN NUYE CALINONNIA Report No. 8'899

(IR TN

=0 43  1LPUT PULSE VINTY (15) AN KFY
o) b4 PULGE O/F=  5,4618 PULSE 150 72,588

199, =0 #3  INRUT PULSE UIDTH (115) AND KEY

) b4  PULSE O/Fs  6,3461 MILSE |SPs 11,123
=0 43  1LPUT PULSE VIDTH (M5) AND KEY

0 44  PULSE N/Fs 6,615 PULSE I15P= 99,325
=0 43 IUPUT PULSE LIDTH (1'8) AUD KEY.

153, =0 09  ILPUT TO,TF,P),PF
155, =1 00 75,/75./170,/50,
199.

201, =1 00 20,/1

208,

201, =1 00 50,./1

208,

199,

201, =1 00 100,/1

208,

199,

201, =1 00 500,70

208, =0 L4 PULSE (/F=

6.3103 PULSE 15P= 106,405
, .
=l 00 75./75./160.7170.

=0 43 INPUT PULSE VIIDTH (15) AND KEY

2 =| 00 20
"—Tg‘k'mw-zm@.ﬁfm 13453 POLSr 15P= 104,907

w -

99, =0 43 INPUT PULSE WIDTH (MS) AND KEY

201, =| 00 50./1

208, =0 L4  PULSE 0/F= 1,6852 PULSE 15Ps 241,671
199, =0 43 INPUT PULSE UIDTH (MS) AD KEY
201, =1 00 100,71

208, =0 44  PULSE O/F= 1,7187 PULSE I1SP= 266,094
139, =0 43  INPUT PULSE HIDTH (M) AND KEY

201, =1 00 500,/0

208, -8 b4  PULSE (’SF' 1571409 PULSE I1SP= 285,917
Al a1 FY At

155, =1 00 75.775.7100./170.

199,

=0 43  INPUT PULSE VIDTH (MS) AND KEY

201, =1 00 _20./1

208, =0 44 PULSE O/F= 0,9886 PULSE I5P= 183,628
199, =0 43 INPUT PULSE VIDTH (MS) AHD KEY

201, =1 00 50,/1 _ .
208, =0 44 PULSE 0/F= 1.0430 MILSE 1SP= 730,518
199, =0 43 INAUT PULSE WINTH (MS) AND KEY

...201, =1 00 _100,/1

2n8,
199,
201,

=0 44  PULSE O/F= 1.0535 PULSE 1SP= 251,267
=0 43  1HPUT PULSE VIDTH (1S) AID KEY
=} 00 500,70

208,

=0 44 PULSE O/F= 11,0591 PULSE 1SP=s 269,378

A-3
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153, =0 09 ILUPIT T9,TF, P, PF
155. =) 00 75,/75./ 50./170,
199, =0 43 1EPUT PULSE VIDTH (15) AND KFY
201, = 00 20,/1
208, =0 L& PULSE O/F=  0,5259 PULSF ISP 118,100
199, =0 43 (LT PULSE VDT (115) AlD KEY
201, =) 00 50./1
208, =0 L&  PULSE O/F=  0,5333 PULSE 15Ps 140,257
199, =0 43 1LPUT PULSE UIDTH (1) AND KFY
201, =| 00 100,/1
208, 0 b4 PULSE O/F= 0,5336 PULSE 15Ps 161,602
109, =0 43 [NPUT PULSE VIDTIL (115) AND KFY
201, =1 00 500,/0
* PULSE O/F= 0,5374 PULSE |SPs 173,250

s de AL

155, =1 00 75,/75./ 150,/150,

109, =0 43 iUl PULSE VIDTH (i) AN KRy .
201, =) On 20,71

208, =0 L&  PULSE O/Fs  1.7715 PULSE 16P= 138,210
109, =0 43 ILPUT PULSE LADTH (116) AED KIY

201, =i G0 50,/1

208, =0 44  PULSE O/Fs 1,9481 PULSE 15Ps 236,276

——129, =0 43 IUPUT PULGE VIDTH C1G) AlD KEY
2C1, =1 00 100,/1

208, =0 L4 PULSE O/Fs 1,9926 PULSE ISPs 257,543
199, =0 4S (1LPUT ‘HL"F_l'T_("TTT:L.,- WIDTH (115) ARD KEY
201, =} 00 500,/0
208, =0 44  PULSE O/fs  2,0231 PULSE 15P=

de ; e 'F,J,
155, =| 00 75./75./100./100,
99, =0 4 [PUT PULSE LIIDTH (115) ALD KEY e,
201, = 00 20./1
208, =0 Lu PULSE O/F= 1,8000 PULSE |5P= 187,293
. —— 199, =0 43 INPUT PULSE VIDTH (11S) AND KEY
201. =l 00 50,/1
208, =0 44 PULSE O/F=  1,9571 ILSE 1SPs 235,119
— 199, =0 43 LHPUT _PULSE VIDTY (MS) ALD KEY
2C1, =1 00 100./1
208, =0 44 PULSE O/F=  1,9968 PULSE 15P= 256,282
199, =0 43 INPUT PULSE VIDTH (MS) AND KEY
201. =1 00 500,/0
208. =0 44 PULSE O/F= 2,N239 RILSE ISPs 274,755

276,106

Ay
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—_—l22, =0 09

155,
199,
<01.
208,
199,

| 00
o0 43
=| 00
=0 44
=0 13

201, =1 00

75./75./50,/50,
HERUT PULSE VUIDTH (19) AlD KEY

20./1
PULSE O)/Fs=

IHPUT PULSE VIDTIE (M5) APD KEY

n0,/1

1.8262 PULSE I15P=

208,
199,
201,
208,
199,

=) Wl
=0 43
=l 00
=0 Ll
=0 43
=| 00

PULSE O/Fs

ILPUT PULSE VIDTH {115) AND KEY

100,/1
PULSE (O /F=

ILPUT PULSE LIDTH (MS) AND KEY
300,00 . __

208,

=0 L4

PULSE () /F=

1.9658 MILSE 15P=
2.0010 PULSE |SP=

2.0247 PULSE 1SP=

A-5

233,724

186,182

254,701

273,12
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APPENDIX A
TABLE A-II
COMPUTER QUTPUT-STEADY STATE

; . PSP PTAHG PHOPRLEANT—AHAC
105, =1 00 100,/96.5/2.03/281,5/170,/1
149, =0 09 ILPUT TO,TE, M, PR
‘lﬂ. :’L? GU W‘To
153, a0 04 0fFs 2,030 = 00,000 IGPe 281,500 PP 05,500
149, =3 09 [1PUT T0,TF, ), PF

""‘“"“iﬁt?“'f"00’"7%“f?5“717ﬁ /Iﬂn;
163, =0 04 O/F= 2,3510 F= 94,708 ISP 269,950 PC= 01,393

L0 PUNE o My D) RN £ 0420 B BN 00 P § VR L0 Y 140

151, =!I 00 7)./7)./170 /1)0

123, =0 O O/F= 2Z,823) |'=m 75.143 15P= 217,305 Pra 72,52%

FT 2 P o e TP T, T oy

151, =1 00 75, /75./170 /50

183, =0 C4 (O/Fs ,8527 F= 39,051 |5P= 109,223 PC= 38,186

T =0 0T TR PO PR

151, =1 C0 75,/75./150,/170,

183, =0 04 (O/F= 1,777 F= 96,087 ISP= 290,903 Pl= 12,724

O T T T T, T )

151, =1 00 75./75./100,./170,

183, =0 O  O/F= 1,041 F= 76,144 1SP= 274,573 Phe 73.479
T I OO R, TR e R ‘

151, =1 00 75./75./ 50, /170 .

- 183, =0 04 O/F= 1),5380 F= 42,336 | SP= 177,267 PC= hn,an2

I¢UT—’ﬁ'ﬁ?"‘fﬁ?ﬂ?‘?ﬂ‘Tf’?ﬁ'”F
183, =0 0& U/Fn ’ 0300 F- 11.478 IGP=  221,0n7 PCa 08,270
iﬁﬂT_!U‘Oﬁ—"TﬁﬂUT'TﬁTT?T?UTPF -
151, =1 00 75./75./100,/7100,
183, =0 04 O/F= 2,030 Fa=a 67,971 |GP= 279,645 Pl= "Hs,H92
P8t 25 S s B Y N Y P S PR LY A 1 B
151, =1 00 75./75./ 50./ 50,
183, =0 04 (/F= 2,0300 F= 39,530 ISP=  27R8,0Nn2 = 38,195

J—— ——— -~ -~ — -

& e et
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TABLE A=-TII
PROGRAM LISTING

101, = CF PROGRA Y PIPERF
102, = L ROCEKET FHGINE PERFORNMANCE CALCULATION = K KERSCH FXT 1257
103, = PRINT 8
104, = 3 FORVATCWN 1NPUT Nl)MlNM. F,PC,0/F,I1SP,PTANK, P!‘OPFLLAIT PODF)
103 F B ) o ATOF, J T
106, = PRINLT 7
107, = 7 FORMATCUON 10PUT CALCULATION MODE (0=STEADY STATE, 1=PILSES)Y)
108, =~ ~ CF R~EAD 0,1 0DF
109, = WFaF/(ALSP*(1, +RI1IX))
110, = HO=i3 4 Xe\F
T~ ™o - - s
2, = XKO=L ) /SQRT(PHOM=PC)
113, = XKF=\!F/SORT(PION=PC)
11, » 1F¢J=1)20,30,40
115, = C THIS SECTION SETS ISP CONSTALTS FOR A=60, 11204 COMP I ATION
116, = 20 Rle=1,74H48F=1 '
T LI Lo T B 10 L6 2 e e
118, = Bh==2,20301F1
119, = R5==7,17798
120, = A2=032
121, = A3=pR3
122, = Ahe? 65989F2
3™ 231 U /23110 5 § . - —
124, = AG=2,07659E1
125. = A7.600E-2
126, = AB=1, TW710F-1
127, = GO TO 31
128, = C THIS SECTION FIXES 1SP CONSTANTS FOR t4#1, N20L COHBIMATION
129, % ST B2== 1, THWmsr=1 T T
130, = B3=5,33063F=-4
131, = Rim=43,6032
132, =- B5=0,
133, = AlaR2
134, = A"=R3
I35 RIS OB TEY T s
136, = AS==2 6L %1FD
137, = Abal 91304151
I8, & TORTESGLOR=2 T T T T
139, = A8=1,14710F-1
140, = 31 T=a75,
I TR X=2.7Y21,722,22 T e
142, = 21 Als=sAISP=-A2 *T-AS'T**"-}\'O*“‘H! X=AS5*Ri1I Xawd=AR«PM| Y**?-A?*PF-AB*T*QMI X
143, = PIX=2,
144, = X1SPaAl+A2#T+ASaTRa24 11 61| X+ AS eI Xww 2+ AG#RMI Xww 3+AT*PCHAS TR X,
145, = BlaXISP=R2#T=R3#Twn 2=l <11 N=BE# | Xww2=AT7#PC=AB»T#RM| X
146, = 0 TO 3
w7, "“"“‘““"“”7 BIAISP=NIwT=R3aTaq vegiefi ) OESHUTITXawd=AT*PCAR*THRI] X
148, RMIX=2,

A-T
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|y B ARG M SHPERE AR L AR A Fe211 8 M Al B it iiiad 0a L Fediva diioe 7114 ha deint b ot e
150, = RINX=Y X

151, = AlsXIGP=A2 #T=AZwTan D= Al (1] X=AG#R 11X 00 2=AG oY 1| Xen3=A7wPr=AR*T#R| X
152, & 3 conTnur

153, = PRIET 9

154, = 1 FORMATC181 1MPUT TO,TF, PO, PH :

b o-)- TN 2N T nm'rrm*rr,-ﬂ'rm-——“ TS o v et

156, = F=100,

157, = K=h

158, & N=0)

159, 5 IF(K-1)11,18,3

160, = 13 Mabjel

PP PRI 1 7377 TS - - -
162, = Sl Faf2+(F=F2)e,2

163, = 17 Fosp

164, = 11 PC=F+¥CO e

165, = IF(po-rey12,12,13

166, = 12 K=)e}

16— _2 A IPLT. . —— e e e e e =
168, = GO To 5

169, = 13 IF(PF=PC)1H,14,15

170, = Ih Keks}

171, = F=pr=-11,

172, = GO TO 5

75 ~ISCORTII T e momen s e e
174, = \!()-XK()-SQRT(P()-PC)

175, = VFaXhF «SQRT(PRE=r)

7€, = - T RSO )

177, = T=(TO+Tr)/2,

178, = IF(RX=2 )70 71,71

T YAl xr,mmnmwmm
180, = ) TN 72

181, 71 X1GP=PR1+B2«T+R3#Taw2+BLwi YAl 4D SwU ) A aw2 AT #PL+AR w T2 Y

m.~=~~ T RIEXISPECORIE) - ‘

183, = IF(ARS(F1-FY=,001)2,2,1

184, = 1 F=F]

B - 2- g oO—-To0—% T e e
180, * IFGODE)LL, 61,062

41 CONTINIE
PRINT 4,144 X,F, XISP,PL .. :
h FORMAT(SH O/F=,F8,4,5H F=,F10,3,H ISP=,F10,3,6/' PC=,F10.3)
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190, = 60 TO 3

131, = h? AR1®9, NRG4AHKIF=2

12, = AB2==l , 216N6F=3

17%, = AR3==2 067Nk

%_ﬁ Wm - et o m e e e ieeme . .-
195, = AR1=6, 314977 =3

196, = RR2==0,570F=5

197, = N3=-%,318764

1), = BRL=, 3994022

199, = PRILT W3

200 T T T PSS T T S Y AT YTy Y T T -
201, = CF READ 0,FMI,KEY

202, = RuP Xw(FAI=1, 85 =22P0)+),15=17,07/FV/ (FMI=1, U0F=2«PF+2 27)
203, = tH(ERI=100, )45, 86,46

204, = Wh XISP2= (AR1«SORT(EPV) +AB2#F R I+ARS/ERSARY Y =X ISP

205, = GO TO 47 |

206~ ¥ )i A 11137 §09) AL TP R AP I Rl adl v VAR LTEAUIDE DS 501 - A
207, = W7 CONTIHF

208. » o PRINT W, RXISPY |

209, = bl FORMAT(11M PULSE O/F=,F8 4,111 PULSF 1SP=,F10,3%)

210, = I7(KEY)3, 3,42
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