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FOREWORD 

'This repor t  presents the resu l t s  of work performed a t  Rt'MTECH's H u t ~ t s v i l l e  

o f f i ce  and the Marshall Space F l i g h t  Center's Invulse Base Flow F a c l l i t y  (IBFF). 

The work was conductea i n  response t o  requirements on NASA8-32997. This repo r t  

Is the f i n a l  repor t  on t h i s  contract and deals w i th  thernul tes t ing  o f  s o l i d  

rocket booster t h e r n ~ l  cu r ta in  san~plas of the Space Shutt le.  

The NASA technical ~ m n i  t o r  f o r  t h i s  work was M r .  Eddie Brewer o f  the System 

Dynanlics Labora ~ o r y  . 
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Sectlon I 

INTRODUCTION 

This repor t  describes a series o f  heat ing tes ts  conducted on san~ples o f  

the thermal cu r ta in  mater ia l  which w i  11 pmvide thermal and acoustic p ro tec t  ion 

i n  the base region between the nozzle and outer  s k i r t  on the Space Shut t le  s o l i d  

rocket  boosters (SRR). The tests were conducted t o  provide data on the poros i ty  

of the mater ia l  and t o  provide data on the thern~l response chardc ter is t i cs  t o  a 

step change i n  heating. This data was required t o  suppotat desifln ca lcu la t ions  to  

p red ic t  if the cu r ta in  would remain on the SRBs dur ing reentry.  These ca lcu la t ions  

were conducted by NASA/MSFC person~~e l  and were p r i m a r i l y  concerned w i t h  p r r d i c t i n g  

the temperatures which the cu r ta in  layers w i l l  reach f o r  reentry  f l i g h t  co t~d i t ions .  

The tes ts  were conducted a t  the Impulse Base Flow Fac i  1 f ty (IBFF) located a t  

Marshall Space F l i g h t  Center. For the porosi t y  nleasurements a steady s ta te  flow 

of a i r  a t  70°F. 500°F. and l,OOO°F was passed through a sample o f  the cu r ta in  mat- 

e r i a l  and measuren~ents of the f low rates were made a t  d i f f e r e n t  pressure drops 

across the sample. For the t ransient  measuremnts. a sample of the cu r ta in  mater ia? 

was subjected t o  a step chanye i n  ten~perature as a i r  was passed throuqh the sample. 

Measurements o f  the heat f l o w  throuyh the sample were nade as a funct ion o f  tinie 

a f t e r  the input  o f  the heat pulse. A l l  the measurements were conducted on a 

9 inch diameter san~ple o f  the cu r ta in  ntaterial. The sample consisted of three layers 

o f  curtain panels. Each panel was made of  comhinations of  quartz and fiberglass 

c l o t h  between which a f iber f rax  f i l l e r  mater ial  had been st i tched.  

Descriptions o f  the hardware design and t e s t  procedures are provided. 

Data are provided i n  enqineering un i t s  fot* the f law c ~ n d i  t ions and tcnperatures a t  
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which masurements were conducted. No analysis o f  the measurements are provided 

1 since the contractural obl iga t ion  was o n l j  t o  provide re1 i a b l e  measurements on 

the samples. These objectives were met. 
11 
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Section 2 

HARDWARE DESIGN 

The hardware design consisted o f  the design of the cu r ta in  t e s t  sample, 

the design o f  the flow, and heat ing hardware needed t o  obta in the required measure- 
- > 

ments. These designs are described f  n the f o l  lowing subsections. 

2.1 Thermal Curta in Sample 

The design o f  the thermal cu r ta in  sample i s  shown i n  Fig. 1. The requi re-  

ments of the design were t h a t  the sample provide the maxfmum f low area possible and 

be configured s i m i l a r  t o  the actual c u r t a i n  u t i l i z e d  on the SRB. The maximum 

area was calculated u t i l i z i n g  the IBFF vacuum pumping capacity a t  the requi red 

simulated IBFF chamber pressure a t  which tes ts  were to  be conducted. These ca l -  

cu lat ions indicated tha t  a 9" diameter sample could be tested a t  a f l r v  r a t e  of 

0.1 Ibm/sec which was the maximum f low expected f o r  the speci f ied chamber pressure, 

which ranged from 0.5 ps ia to  4 psfa. 

The sample consisted o f  three ind iv idua l  cur ta ins constructed as shown i n  

Fig. 1. On the SRB three cur ta ins are u t i l i z e d  f o r  thermal and acoustic protect ion.  

The outer c u r t a i n  ( labeled 1 i n  Fig. 1) f  s constructed of two layers of quartz 

c l o t h  between which a f i b e r f r a x  f i l l  i s  qu i l ted .  The two inner  cur ta ins  ( labeled 

2 and 3 f n  Fig. 1) are constructed w i th  a quartz and f iberglass c l o t h  between 

which the f i b e r f r a x  f i l l  i s  qu i l ted .  The q u i l t i n g  pa t te rn  i s  bas i ca l l y  a 2" 

'; 1 square pa t te rn  as shown i n  Fig. 1. 

:I 1 On the f l i g h t  cu r ta in  an 1/8" diameter f lberg lass  cord i s  woven through the 

two outer cur ta ins t o  provide addi t ional  strength. I n  the t e s t  sample t h i s  weaving 
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was simulated by the f i v e  penetrations shown i n  Fig. 1. This number o f  penetrat ions I ,  

:, \ 1 
. :I per area was equivalent t o  the penetrations on the actual f l i g h t  cur ta in .  The 

penetrations a t  Posi t ion C i n  Fig. 1 are dimensionally cor rec t  t o  those on the 
.: ; 1 - L:l f l i g h t  cur ta in,  however, the other  penetrations are no t  dinlensionally cor rec t  ! 

' I  
;I . due t o  l i m i t a t i o n s  on the t e s t  sample area. Figures 2 and 3 show photoaraphs of 
! L1 
-1 the corded and instrumented tes t  sample. 

For the sample instrumentation, .010" diameter chromel-a1 umel thernmcouples 

1 were placed ins ide the sanple a t  the pos i t ions  A, 0 ,  and C ind icated i n  Fig. 1. 
I ii 
Lf The thermocouple w i r i ng  was woven through the cu r ta in  as shown i n  the phctogrdphs 

i 1 )  : 
I 

and connected t o  a viscorder f o r  recording dur ing the t rans ien t  po r t i on  of the I '  ; i 1 

test ing. Only spot checks o f  the themcoup le  reading were made dur ing the steady 
I .  

1) sta te  measurements to  assure tha t  the cu r ta in  had reached the requi red steady 

s ta te  temperatures . 
v g:  

1' Also, on the actual f l i g h t  cu r ta in  a layer  o f  polyethylene i s  s t i t ched on 

i l the backside o f  each cu r ta in  to  prevent the cur ta ins from abraid ing against each 
Lj 

ether d ~ r i n g  assembly. Since i t  i s  predicted tha t  the polyethylene w i l l  have 

melted p r i o r  t o  reentry  the major f ty  o f  the tes t i ng  was conducted on samples on 

which t h i s  polyethelene had been removed. The polyethylene was attached on on ly  . ! \. 
1 
I 

one se t  o f  steady s ta te  data. 1 :  - 
f i  . 

Two sets o f  t e s t  cur ta ins were constructed. One set  was p r f n c i p a l l y  u t i l i z e d  

on the steady s ta te  measurements and the other  set  was u t i l i z e d  on the t rans ien t  

measurements. One addi t ional  cu r ta in  sample was u t i l i z e d  on the f i r s t  steady 

s ta te  data measurements. This sample was made o f  scrapes o f  cu r ta in  mater ia l  and ! f  , 

d i d  not  conform t o  the c r i t n r i a  o f  Fig. 1. This sample was useful  i n  i n i t i a l l y  

establ ish ing flow se t t i ng  and heater se t t ings  needed to obta in the  required t e s t  

condit ions. I i : 
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The design of the flow hardware consisted of the se lec t ion  of f low and 

heater components needed t o  achieve the t e s t  condit ions. Two flow conf igurat ions 

were u t i l i z e d ,  one for the steady s ta te  measurements and one fo r  the t r ~ n s i e n t  

measurements. Figure 4 shows the conf igurat ion assembly for  the steady s t a t e  

measurements and Fig. 5 shows the conf igurat ion f o r  the t rans ien t  measurements. 

The p r i n c i p l e  di f ferences between the two conf igurat ions were i n  the heater con- 

f igurat ions and the run procedures. Both conf igurat ions u t i l i z e d  the IBFF vacuum 

tank and pumping f a c i  1  i t y  t o  provide simulated downstream pressure condit ions of 

0.5 psia t o  4.0 psia. The flow assembly u t i l i z e d  an e x i s t i n g  s tee l  plenum chamber 

(approximately 5.5 I.D. by 20" long) which was attached t o  the IBFF bulkhead 

flange. This plenum chamber had been u t i l i z e d  on some recent ly  completed heat ing 

tes ts  and already contained posi t ions f o r  the measurement o f  the plenum tempei ~ t u r e  

and pressure. I n  addit ion, two Sylvania a i r  heaters (Series 1 1/4") were ava i l -  

able and were u t i l i z e d  i n  the t e s t  assemblies as shown i n  Figs. 4 and 5. The only 

major piece of add i t iona l  hardware t h a t  was needed was a j i g  t o  at tach t o  the 

e x i s t i n g  plenum chamber which would hold the SRB cu r ta in  t e s t  3emple. This j i g  

allowed f o r  the 9" diameter t e s t  sample t o  be clamped i n  place using e igh t  "C" 

clamps. I n  addit ion, an a i r  t i g h t  p l a t e  could be attached t o  the downstream cur- 

t a i n  clamp r i n g  t o  a l low fo r  checks o f  gas leakage a t  circumferent ial  locat ions 

between the cu r ta in  samples and the clamp region. Checks on t h i s  leakage ind ica ted  

an i ns ign i f i can t  leakage occurred i n  t h i s  region and would therefore no t  introduce 

inaccuracies i n  the measured f low rates through the t e s t  samples. 

For the steady s ta te  measurements the hardware was assembled as shown i n  

Fig. 4. F a c i l i t y  a i r  was passed through a rotameter and a turb ine meter both of 
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which were u t f l i z e d  i n  recording f low r a t e  measurements. The a i r  was then passed 

across two of the Sylvania a i r  heaters which provided the major a i r  heating. The 

band heaters located along the plenum chamber provided add i t iona l  energy input  i n  ! :; 
f 

order t ha t  the maximum requi red temperature o f  1000°F could be reached and maintained. 1 
! 

Insu la t ion  was a lso u t i l i z e d  along the plenum and ex te r i o r  heater t o  prevent heat ! i 

loss. The Sylvania heaters were controled w i t h  120 v o l t  Variac 's. Thermocouples t 
3 

were avai lab le i n  the a i r  d i f fuser  manifold, i n  the plenum chamber, along the p te~um 
. * 

wa l l s  and i n  the cu r ta in  sample. The thermocouples were referenced t o  a 150°F 
i - 

reference junct ion and read on a d i g i t a l  voltmeter. The plenum and chamber pressures 

were read w i t h  the IBFF pressure readout system. : ? 
. n 

For the t rans ien t  sample measurements the upstream f low measurements and J 

I0 contro l  arrangement was the same as tha t  u t i l i z e d  on the steady s ta te  measurement. 

For the f low contro l  a t  the plenum a d i f f e r e n t  heat ing and f low arrangement was 

requi red i n  order t o  achieve a step change i n  the f l ow  temperature. A two way 

bypass valvewas the key element i n  t h i s  arrangement. This valve allowed fo r  the 

a i r  t o  be flowed and heated through the bypass (not  through the sample) u n t i l  the 

a i r  heaters could achieve the required temperature. The a i r  was then qu ick ly  

d i rec ted  through the a i r  sarnp'e and data was recorded as the sampled heated. 

An additional feature o f  t h i s  flow arrangement was the coo l ing  cont ro l  l ine, t h i s  

allowed f o r  cool ambient a i r  t o  be passed through the sample a f t e r  a run and before 

the next run. Another d i f f e r e n t  feature was the l i n i n g  of the i n t e r i o r  plenum 

wal ls  w i th  a piece o f  the SRB cu r ta in  to  reduce heat-losses between the a i r  and the 

plenum walls. The use o f  t h i s  i nsu la t i on  was found t o  be i n s u f f i e n t  t o  reduce 
I i \ rj 

i [j heat l o s t  from the a f r ,  and the band heaters had t o  be u t i l i z e d  t o  provide addi- 
1 i 
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Sect ion 3 

MEASUREMENTS 

The t e s t s  were conducted i n  two phases. F i r s t ,  t he  steady s t a t e  measurements 

were made fo l lowed by the  t r a n s i e n t  measurements. Those a re  discussed i n  the  

f o l  lowing subsections. 

3.1 Steady S ta te  

The steady s t a t e  measurements consisted o f  making f low r a t e  measurements a t  

d i f f e ren t  gas temperatures and pressures across the  sample. Flow r a t e  measurements 

were obtained a t  gas plenum temperatures o f  ;?proximately 70°F, 500°F, and 1000°F; 

f o r  pressures across the  sample from 0.5 t o  6 psia.  A summary of t he  steady 

s t a t e  measurement cond i t i ons  i s  given i n  F ig .  6 and the reduced data i s  prov ided 

i n  Appendix A. D i f f e r e n t  t e s t  samples were u t i l i z e d  i n  these measurements. For 

the data of October 2, the  sample was th ree  thicknesses o f  a disgarded c u r t a i n  

sample made t o  the ac tua l  f l i g h t  dimensions. Th is  sample al lowed f o r  i n i t i a l  

check-out of the flow system and heat ing c a p a b i l i t y .  

A good t e s t  sample, as spec i f ied by F ig .  1, was u t f l i z e d  f o r  t he  data o f  

October 9, October 10 and October 11. For the data o f  October 31 a d i f f e r e n t  

t e s t  sample which included the poleythylene backing was u t i l i z e d .  Th is  sample 

conformed w i t h  Fig.  1. The polyethylene backing was removed f o r  the  t r a n s l e n t  

measurements discussed i n  the nex t  sect ion.  

For the  reduced data o f  F ig .  6 and Appendix A the f o l l o w i n g  nomenclature 

was u t i l i z e d .  

PP = Plenum Pressure ( ps i a )  

PC = Chamber Pressure ( ps i a )  

RM = Rotameter Reading (%) 
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PR = Rotameter Pressure (ps ia)  

TF = Turbine Meter Frequency (Hz) 

TP = Turbine Meter Pressure (ps ia)  

PT = Plenum Temperature ( O R )  

MT * Manifold Temperature ( O R )  

M = Mach Number Across Test Sample 

WT = Weight Flow from Turbine Meter (lbm/sec) 

WR = Weight Flow from Rotameter (Ibmlsec) 

UT = Poros i t y  Using Turbine Flow Rate ( I )  

! i ~  = Porosity Using Rotameter Flow Rate (%) 

For reduction o f  the steady sL1te data the fo l low ing equations were u t i l i z e d .  

WT = (.015654 + 5.6788 x TF) TP/AT (1 

WR = 1.484 x 10 -3 RM v'PR/AT (2 

For M < 1 

and For M > 1 

n = 2.955 W v'm ( 4 )  

No unusual problems were encountered during the steady s ta te  ~easurements. 

The procedures were as fol lows. The sample was clamped i n  the t e s t  j i g  and the 

blocking p l a t e  was attached across the sample face to  check for  excess rve leakage. 

The leak check was made by pressur iz ing the flow 1 ines and plenum t o  approximately 

30 t o  40 psia and observing the flow meters for  any i nd i ca t i on  o f  leaks. Neither 

of the flow mete,.s ind icated a measurable leak for  any of the tes ts  runs tha t  were 

made. Next the blocking p la te  was removed and the desired f low r a t e  and operat ing 

pressures were ac1,ieved by adjustment o f  the vacuum pump flow rates and the input  

gas ra te .  The a i r  heaters and plenum heaters were then turned on and the plenum 

chamber and wal l  thermocouples were observed u n t i  1 the desired t e s t  temperature 
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was achieved a t  steady s t a t e  condi t ions.  The f l o w  ra te ,  pressures and temperatures 

were then hand recorded and subsequently reduced us ing  a computer code w r i t t e n  

i n  BASIC and u t i l i z e d  on a PDP11-VO3 mini-computer. Th is  reduced data i s  tab- 

u la ted i n  Appendix A. 

3.2 Transient - 
4 The t r ans ien t  measurements cons is ted of sub jec t ing  the c u r t a i n  ;ample t o  

a step change i n  heat ing and record ing  the  response of the  n ine  thermocouples 

1 u t h a t  were imbedded i n  the  sample. S i x  of these measurements were conducted a t  

i 
i 

the condi t ions o u t l i n e d  i n  Fig.  7 o f  the t e s t  mat r i x .  Measurements were i n  two 

gas temperature ranges (600-700°F) and (900-1000°F). The data of October 13 was 

1 no t  a t  the  des i red t e s t  cond i t i ons  which were a t e s t  gas temperature of 1000°F, ' 
a t  a AP of 4 and a plenum pressure o f  5 ps ia .  This was p r i m a r i l y  due t o  

I I i n s u f f i c i e n t  heat ing i n  the plenum chamber. For thesz f i r s t  runs t i le plenum wa l l s  

were no t  heated, because i t  was expected t h a t  the heatatng of the plenum chambp 

U p r i o r  t o  d i v e r t i n g  the ho t  gas through the sample would a l s o  preheat the sam,lt 

However, dur ing the runs of October 13, i t  was found t h a t  w i t hou t  the heat ing of 
- 7 1  

the plenum wa l l s  the  gas temperature would loose 30C t o  400°F i n  the unheated 

p i p i ng  from the two way valve t o  the plenum and i n  the plenum chamber. 

: 1 Li To a l l e v i a t e  t h i s  problem, insu1a t i t .n  was placed along the wa l l s  of t he  

plenum chamber and a heater tape and i n s u l a t i o n  were u t i l i z e d  a long the p i p i n g  

from the two way valve t o  the plenum chamber. This a long w i t h  the heat ing of 

i n the plenum wa l l s  a1 lowed f o r  the  t r a n s i e n t  measurements o f  October 17 t o  be 

obtained a t  gas temperatures o f  g rea te r  than 900°F. I n  order  t o  keep the sample 

as cool  as poss ib le  p r i o r  t o  sub jec t ing  i t  t o  the s tep  change i n  heat ing,  the 

bypass l i n e  shown i n  F ig .  5 was u t i l i z e d  t o  pass coo l i ng  a i r  through the  sample. 
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Imnediately p r i o r  t o  divert';,. i '.e hot  gas t o  t he  san!ple the coo l i ng  gas was 

stopped. 

For the t r ans ien t  measurenlents, a c u r t a i n  sample as shown i n  Fig.  1 and 2 

was u t i l i z e d .  The polyethylene backing had been removed. Prinlnry data was from 

the plenum chamber temperature and pressure, and 9 thermocouples imbedded i n  the 

sample as shown i n  Fig, 1. These 11 channeis o f  data were recorded on a V i s i co rde r  

t r ace  as a funct ion o f  t i n e  a f t e r  the  sample was subjected to  the heat ing.  De- 

f l e c t i ons  from these V is i co rder  t races were read by hand and i n p u t  t o  a data 

reduc t ion  program. A PDP-11 -V03 minicomputer provided the pressure and tenper-  

a tu re  tabu la t ions  as funct ions o f  time. This data i s  g iven i n  Appendix 6 .  

For t h i s  data the zero t ime mark i s  the t ime a t  which the plenuni pressure and 

temperature s t a r t ed  t o  respond. Es t i va tes  o f  the data accuracy i s  + - 5% due t o  

l i m i t a t i o n s  on the r e a d i a h i l  i t y  o f  the V is icorder  t racer .  

As ind ica ted  prev ious ly ,  the c u r t i a n  snmple therr~iocouples were o f  0.010" 

diameter chromel-alumel . The pleltum therrlocouple was a1 so  o f  0.010" diameter 

chrome1 -alumel. The j unc t i on  bead on the plenum therrwcouh~le was co rp l  e t c l y  
4 

exposed and was approximately 1,/4" from the 1/8" diameter i r i su l a to r  sheath which 

supported tri: t h e m c o u p l e  and a1 lowed for  the w i r i n g  t o  e x i t  from the plenuni 

chamber. The plenum thermocouple j unc t i on  was loca ted  a t  the  plenum c r n t e r l  i ne  

and 7 114" from the fsce o f  the c u r t a i n  sa~rrple. The plenurv pressure tap was a t  

the same d is tance from the sarlrple bu t  180" apar t  fr-om the thet~nicccuple. 

The procedu~.es fo l lowed i n  the t r ans ien t  measurenient~ r.qetse as fo l lows.  

The sample was clamped i n  the t e s t  jiq and the b lock ing  p l z t e  was i n s t a l l e d  t o  

check f o r  excessive leaks. The thermocouples were connected to  the reference 

j unc t i on  a m p l i f i e r s  and t-ecorder. Zero and f u l l  sca le  readings \veise cwde on the 

recorder.  The f low was s ta r t ed  w i t h  the two way valve i n  :he bypass mode. The 
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a i r  heaters were turned on u n t i l  the a i r  temperature ou t  o f  the a i r  heaters 

reached a steady s ta te  maximum value. This was approximately 1200 t o  1500°F. 

The heater o u t l e t  a i r  temperature was monitored from a thermocouple located i n  

the a i r  l i n e  a t  the heater ou t le t .  The a i r  l i n e  from the two way valve t o  the 

plenun and the plenum chamber were a lso preheated. Bypass coo l f  ng a i r  was passed 

through the sample t o  keep i t  a t  a low temperature p r i o r  t o  d'vert ing the hot  

g .  The cool ing  gas was then zut-off ,  the recorder s ta r ted  and the hot-gas 

d iver ted through the sample. The plenum pressure had a tendency t o  over shoot 

the required pressure which made i t necessary t o  watch the plenum pressure and 

make s l i g h t  adjustments as the plenum and sdmple heated. A t  l e a s t  twc! minutes 

of t e s t  time was recorded f o r  each run. I t  was noted t h a t  the plenum pressure 

responded the quickest and reached essen t i a l l y  a steady s ta te  value w i t h i n  5 t~ 

10 seconds. The plenum temperature fol lowed t h i s  closely, however fo r  most of 

the runs i t  exhib i ted a slow d r i f t  upward i n  temperature w i t h  increasing run time. 

This was a t t r i bu ted  t o  the slow heating o f  the plenum by the hot gas. Most of 

t h i s  upward d r i f t  was evident on the runs of October 13 on which the plenum 

chamber was no t  heated by the band heaters. On the runs o f  October 17 t h i s  d r i f t  

was not  as not icable due t o  the addi t ional  plenum heating. 

The p r i nc ip le  d i f f i c u l t i e s  w i th  the t rans ien t  measurements were associated 

w i  t h  achieving the required gas temperatures i n  the t rans ien t  conf igurat ion and 

unre l iab le operation o f  the two way f low valve. The achievement o f  the required 

gas temperatures were obtained on the runs of October 17 a f t e r  some t r i a l  and 

e r ro r  adjustments o f  the heater contro ls  and operating procedures. The two way 

valve was a cont inuing problem throughout the t rans ien t  measurements. The valve 

was designed f o r  hydraul ic use a t  low temperatures. I t  was the only  inhouse 
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0 
valve that  could be found which would provide the two way diversion control 

t 
required f o r  the flow arrangement. The valve continued to ba1 k and freeze-up I 
a t  the high temperature operation and the transient test ing was discontinued on 

the fourth run o f  October 17 when the valve f a i l e d  completely. 
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Section 4 

CONCLUSIONS 

The fo l lowing conclusfons were made based on the observations and resu l t s  

of the t e s t  performed. 

1. Both steady s ta te  and t rans ient  measurements o f  the poros i ty  and thermal 

response on samples o f  the SRB thermal cur ta in  were successful ly obtained 

i n  the MSFC/IBFF f a c i l i t y .  

2. A l l  hardware performed as designed w i th  the exception o f  the twc way 

contro l  valve. A new valve designed t o  operate a t  1000°F should be 

acquired i f  s im i la r  tes ts  are undertaken i n  the future. 
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Flg.  6 SRB Curtain Steady State Measurements 

Test 
Test Sample Data 

--. - - -- 

.0241 .3164 ,3322 

.0191 .2573 .2644 
,0122 . I763  .2015 

.4465 

.3843 

.3337 

.2229 

.-. - , - 



ORIGINAL PAGE I8 RTR 035-1 
OF POOR QUALITY 

6 (continued) 

Test TP P P AP w T "R 9 q~ 
Test Sample Data ( O F )  (psia) (psia) (lbm/sec) (lbm/sec) 

I I 

8/11/78 1000 5 4 .0087 .0097 .I968 -2201 
3 .0069 .0083 .I569 .I872 
2 .005 5 ,0064 .I246 ,1446 
1 .0034 .0038 .0928 .I059 

1000 10 4 .0161 ,0174 .I829 ,2023 
3 .0136 .0149 ,1626 .I79 
2 ,0099 .0114 .I347 .I554 
1 .0061 ,0069 .I095 .I237 

97OF 1 . 5  .0014 .00:6 .0948 .I112 
5 4 .0256 .0262 .3512 .3589 

3 .0226 .0232 ,3093 .3189 
2 .0169 .0186 .2373 ,2558 
1 .0093 .0117 .I543 .I944 

84OF 10 6 .0657 .4497 
5 ,0632 .4324 
4 .0563 .3863 
3 .0462 .3362 
2 ,0355 .2923 
1 .0204 .2235 

Good test 8/31/78 75OF 5 4 .0059 .OC77 .081 .I057 
sample - 3 .0057 .0070 .0777 .0957 
conformed with 2 .0046 .0057 .0638 .0781 
Fig. 1 with 1 .0027 .0039 ,0451 .0637 
pol yethelene 71 OF  10 6 .0154 .0172 .I047 .I169 

5 .0142 .016 .0964 .I089 
4 .0127 .0145 ,0864 .0986 
3 .0109 .0126 .0792 .0914 
2 .0092 .0103 .0757 ,0847 
1 .0062 .0068 .0668 .0736 
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Test Run TP* FP * AP 
No. ( O F )  ( ~ s i a )  ( ~ s i a )  (1 bm/sec) wT* I 

*At steady s t a t e  t > 120 sec 

Fig ,  7 SRB Curtain Transient Test Measurements 
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STEADY STATE DATA FOR SRB CURTAIN TESTS 
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I balk** T1TLE:SRB SKIRT STEAOY STATE FLOW DATA OF 8 / 2 / 7 8  ttft* 
HEADER:F'LENUM TEMP APF'ROX SO0 DEG F PRESS APF'ROX W S I A  

P Z I = = = = = l t l = ~ P ~ ~ x = * z E : S : : ~ ~ ~ ~ ~ : : e Y r = = = ~ ~ ~ = = = ~ ~ ~ = ~ = = = ~ : z z = ~ : = ~ z = = = = = : : z ~ = ~ : ~  

PP PC RM P R TF TP F'T MT h T  
( P S I A ) .  ( P S I A )  ( X )  ( P S I A )  (HZ)  ( P S I A )  ( I E G  R )  (DEG R )  (L'lEG R )  

5 1 58 1315' 797 14e2 999 969 536 

MACH # = 1173 PRES RATIO (PC/PF') = 6199 DEL F'RES SAMF:'LE = 3198 
WT FLOW-(LBWSEC) Y TURBINE ,0124 - RMETER = ,0139 

POROSITY-(%) * TURBINE = ,2335 - RMETEK = r2608 
x = ~ t ~ t ~ = ~ f ~ ~ ~ ~ = = P t S ~ = = ~ r - ~ ~ ~ ~ s ~ ~ ~ f = ~ = = p ~ ~ ~ = z = ~ = = = ~ ~ ~ ~ z = ~ = = = ~ ~ ~ ~ = = = = =  

PP PC RM PR 1 F' TP PT MT AT 
( P S I A )  ( P S I A )  ( 2 )  (F'SIA) (HZ)  ( P S I 4 1  (DEG h') (DEG R )  (DEG R )  
S 2 53 1214 743 1216 999 969 536 

MACH # = 1e23 F'RES RATIO (PC/F'F') = ,402 I IEL PRES " IF'LE = 2*99 
UT FLOW-(LBM/SEC) 1 TURBINE = ,0103 - R M ~ T E R  r- I 

POROSITY-(%) * TURBINE = 11924 - RME'TE;;: .- c: 
= 5 = Z = = Z P = = = f = = = = ' = = = ~ z = z ~ = ~ = = = = = = = = = = ~ = = = = ~ = z = = = = = = = = =  ---------- .-------- 

PP PC RH F' K TF' TP PT k r AT 
( P S I A )  ( P S I A )  ( X I  ( F ' S I A )  (HZ)  ( P S I A )  (DEG K )  (DEG R )  (DEG '0 

4 . 9  3 46 10 6 8 9  1012 999 969 c -- dab 

II MACH # = r88 F'RES RATIO (PC/F'P) = 4608 DE.L F'RES SAMPLE = 1+94 
WT FLOW-(LEPl/SEC) t TURBINE = 7+70000E-03 - RMELTEK = 9r30000E-03 

POROSITY-(%) t TURBINE = +I468 - RMETE:R = ,1769 

I ------------------------------------------------------.------------------ -------------------------------------------------*.------------------ 

F' P PC RH F' R T F' TP F'T MT AT 
( P S I A )  (F'S1A) ( X I  (F 'SIA)  (HZ)  (F 'SIA) (DEG K )  (DEG K') l I lEG R )  

I 5 4 32 7 1 2 589 714 1004 Y73 536 

MACH # = e56 PRES RATIO (PC/PP) = +81 DEL F'RES SAMPLE = *94 

I 
W'I FLOW-(LBM/SEC) f TURBINE = 4r80000E-03 - RMEIE:R = 5+60000E-03 

POROSITY-(%) t TURBINE = ,1128 - RMEl'ER = ,1307 
.-----------=-------------------------------------------------------- 
.---------me ----------------------------.-------------.-*---------------- 



I 
I dXt1l l t  T1TLE:SRB SKIRT STEADY SrAPE FLOW DATA OF 8/2/78 I t * * *  

HEADER:PLENUH TEMP AF'F>ROX 1000 IlEG F PRESS APF'ROX 5 P S I A  
-a=---- ----C.--=-.---  --.--....----.. --- ---. = .--. -..."'--S- --...-.-- '---"'-----=-~~ --,-zz-...--.r,- ---..r ,--..,--- --I-- - - . . - - - - , - - - . . I . - - - - - - -  

I FY PC RM PK TF T? F'T Efl A 'T 
( P S I A )  ( P S I A )  ( X I  (F:'STfi) ( H i i  (F 'S IA)  (DEG R )  (DE.(3 R )  (DEG R )  

4 6 9 1 46 10 t4  704 l o t 6  1469 1363 536 

I f , - '  

, ..- 
MACH # = 1.72 PRES RATIO (PC/P?) = ,202 DE:l- F'RES SAMPLE = 3 . 9 5  I ,  

W 1  FL-OW-(LEM/SEC) t TUKPINE = 8*20000E-03 - RMETER = Yt50000E.-03 if-, 

C POR3SITY-(XI  t 71IREINE = t188 - REIETEH = ,3176 j / .: 
~ = - x = = = = = t ~ = = t = = = L = = = = = z = = z , 3 a z = ~ ~ = = = = ~ = = = = = = c = ~ = = = z ~ = = s = = = ~  ========= ,i 1 : 

PP PC RM F'R TF TP F' T MT n~ 
(F 'SIA)  (F 'SIA)  ( % )  (F 'SIA)  (HZ)  (F'SIA) (11E.G K )  (DEG R )  (IlEG h') 

r 7  
~ 

5 2 41 9 . 2  668 Y e 5  1477 1329 ad& . I 

I / I- 
I 

MACH 4 = 1.23 PRES RATIO (F'C/PF') = , 4  IIEL F'RES SRMf:'LE = 2,YY , I .  , 

WT FLOW-(LFM/SEC) * TUKE{INE = 7t00000E-03 - RMETEH = 8~10000E-03 I 

POROSITY-(%) t TURBINE = ,1596 - RMETER = ,1854 
=======' = ===l:zz=:==z=G =z5x-2=&-P y-x = = = z 7 z z y =  = ==;.==== ======= 1 

PP PC RM F' R TF TF' F'; MT A T  1 1  :- (F'SIA) (F 'S IA)  ( % )  ( P S I A )  (HZ) (F'SIA) CDEG R; (DEG k )  ( D F G  h') 
C c - ' ,  I j 
J 3 35 8 449 8 t 2 1460 1329 , 30 i ; I 

MACH # = e 9  F'RES R A T I O  (PC/PP) = 45Yb DE.L F'RF:S SRMf.'LE: = 2.03 
WT FLOW-(LBM/SEC) 1 TIIIIEINE - 5,90000E-03 - REfETEK = 6*5000GE:-03 

POROSITY-(%) 8 TlJREiTNE = ,1321 - RMETER = 4 1463 --.----------- --_-__-- --" ..--... ..-_..____-_--__.,I._-- .-_I" _-_-- "".."."I-.- -_.. ̂  _.._.." ----- --- ------------- ---.-I-.... -.--.-.-- ------------- - ------- -----..------- ---- ------ 
F' F' F'C RM F' R T F TF' PT MT h T  

(F 'SIA) I F ' S I A )  ( % I  (F 'SIA)  (HZ)  ( c ' S I A )  (DEG k\') (DFG R )  (I1E.G R )  
C 
3 4 2 5 6 * 4 528 6.5  1443 1295 c - ,J.5& 

MACH Z = .58 PRES RATIO (F'C/FP) = .800 I lCL PFiES SAMPLE = 1 
WT FLOW-(LBM/SEC) 1 TURBINE = 3,80000E-03 - KhETER = 4.10000E--03 

POROSITY-(%) t TUFiBINE = ,1029 - RMETER = ,1111 -----=- -------------.-----.--,-.------------- * --.-----------------------..--- - ----- ----- ---_--._- -----""- -_----- -- ..--- -----I-----------_------""--- .--- 



TITLEtSRR S k I R l  STEADY STATE FLOU K'ATA OF 8/2/78 **Sf* 
HEADER:PLENr.!M TEMP APFROX 1000 BEG F PRESS APF'ROX 10 PSIA  

=r""----'=--- - -------..= ====--=== =====----*---------.------- --------- .................... ..................... 
(F'SIA) (PSIA) ( X I  (PSI&)  (HZ) (PSIA)  (DEG R) (DEG R )  (DEG R )  

19.4 719 

HACH # = .87 FKES RATIO (PC/PF) = ,614 DEL PRES SAHPLE = 3.56 
UT FLOW-(LBM/SEC) t TURBINE = ,0156 - RflETER = ,0175 

POROSITY-(%) $ TURBINE = ,1765 - RflETER = ,1987 
-----------------.----------------.---------------.------------------- ------------_------------------------------------------------------ 
(PSIA)  (PSIA)  ( X )  (PSIA)  (HZ) ( P S I A i  (DEG FO (DEG R) (UkG R )  

17,2 6 7 6  

MACH # - * 7 4  PRES RATIO (F'C/F'P) = ,699 flEL. PRES SAMPLE = 3.02 
WT FLOW-(LBM/SEC) $ TURBINE = ,013 - RHETER = .0147 

POROSITY-(Z) 1 TURBINE = ,155 - R X T E k  = ,1754 ---------------------------------------------------------------------- --------------------------------.-----------------------.------------ 

(PSIA)  (PSI&)  < X I  (PSIA)  (HZ) (PS IA )  (DEG H )  ( D E G  R) (DEG R )  
14,4 637 

MACH # = ,58 F'RES R A T I O  (FC./PF') = * 8  flEL PRES SAHF'LE = 2 
UT FLOW-(LEM/SEC) S TURBINE = ,0103 - RHETEH = ,0111 

POROSITY-(%) * TURBINE = ,1398 - RHETER = ,1512 
----------------------------------------.-----------.---------------- ------------------------------------.--------------------------------- 

(PSIA)  (PSIA)  ( % I  (PSI&)  (HZ) iF'STA) (DEG F:) ( D E G  R )  (DEG R) 
11*7 438 

MACH # = *39  PRES KAIICI <PC/PF') = ,901 DEL FRES SAt4PL.E = *VP 
WT FLOW-(LEM/SEC) t TURBINE = 5.90000E-03 - RHETER = 6,80000E-03 

POROSITY-(%) 1 TURBINE = ,1066 - RHETER = ,1234 
.................................................................... 



* S t * *  T 1TLE:SRF S K I R l  STEADY S1'Al.L FLOW DATd OF' 8 / 9 / 7 8  t f Y * t  
HEADER:FLENUN TEHP AF'F'RQX 70 UEG F fRESS APF:'ROX S F'SIA 

U ~ ~ ~ P I P = I P I P ~ = E I = ~ = ~ = = = = = = ~ ~ = - I = ~ = = ~ ~ = ~ E ~ = ~ ~ = = = = ~ = = = ~ = = ~ = ~ ~ = ~ = = = = = = = = = =  

FP PC RH PR TF TP PT HT nr 
(FS IA )  ( F S I A )  ( X I  (F'SIA) (HZ)  ( F 9 I A )  (DEG R)  (DEG R )  (ISEG R)  
5 1 84 26t2 9 4 1  26*6 5 Y 8 5.38 530 

MACH # = 1 6 7  PRES RATIO (PC/F.'P) = .207 IlEL PRFS SAMPLE: = 3 . 9 3  
WT FLOU-(LBH/SEC) $ TURBINE ,0272 - RMETER = 00277 

POROSITY-<XI I TURBINE ,3764 -- RHti TOR = 383 1 
P=P==t=PE=IP=PL~SPx=~==B=====l===s=.2z==~========~.=====~====2 

PP PC RH F' R TF 1' F PT MT AT 
(PS IA )  ( P S I A )  ( X I  (F'SIA) (HZ)  (PS IA )  (DEG R)  (DEG R ?  (DCG R )  

5 2 78 23.2 932 23.6 538 538 538 

HACH C = 1.21 PRES RATIO (f'C/PF) = 0412 DEL PkES ShMPLE = 2.92 
U1' FLOW-(LEM/SEC) 4 TURBINE = ,0239 - RHETEK = ,0242 

POROSITY-(X) * T U R B I N E =  03296 - RHE1El3 = .3335 
DL=====t=====================-----===Z==i-==~=-.---==~~=~z~-2~=-==~=====-y= 

PP PC RH F'R TF TF' F'T MT AT 
(F'SIA) ( P S I A )  4 % )  ( P S I A )  ( H Z )  ( P S I A )  (DEG R )  (UEG R !  (UEG R t  

5 3 70 18 .4  923 18.8 538 538 538 

MACH # = *8Y  PRES RATIO (PC/FF) r- .603 [ E L  F'RES SAMPLE: = 1.9' 
- UT FLOW- (LBH/SEC) $ 1UkbINf i  = .018Y - RHUlEK = ,0192 

PofKlSITY-(%) 1 TURBINE = *261 - RHEI'ER = ,3659 
f r = = = ' = = = = = = - = = = = = = = = = = = ; ; - z L - ~ = ~ = 7 = = - = = = = = ~ ~ ~ = = ~ ~ = = ~ ~ ~ ~ = = r : ~ = : : = = ~ z = = = = = = =  

F'P FC RH F' f? T F  TP F'T MT A T  - 

(PS IA )  (F'SIA) ( ' X )  (PS IA )  ( H Z )  iF'SIAb (DFG R )  (DFG R )  (DEG f )  
S 4 55 12 PO4 12.3 538 538 538 

- HACH # = 058  F'RES RATIO (F 'CiF 'F ' )  = ,802 DEL. F'RES SAHPLE = .99 
WT FLOU-(I.PH/SEC) Jr TURBINE = .0109 - RMETER = 0012.3 - 

POROSITY-(%) $ TURbINE 01809 - RHETER = ,2051 
=== ============== =-= L -=~ '=z~=~==2z= '1 :=~====  =====~==~=2~-~y .G .z ;==~ -===~ -~ -=  



ORIGINAL PAGE 16 
OF POOR QUAISTY 

tlrtS*lt T1TLE:SRR SKIRT STEADY STATE FLOW DATA OF 8/9/78 f t t S *  
HEADER:PLENUM TEMP APPROX 70 DEG F PRESS AF'PROX 10 PSIA 

=====Z===================x========================z===z~=========~~ 

F F  PC RH PR TF T F  PT HT AT 
(PSIA)  (FS IA )  ( X I  (PS IA )  (HZ) (PS IA )  (DEG R )  (DE.G R)  (DEG 'k" 

10 6. 1 100 56.9 931 S 6 , 9  536 536 536 

HACH # = *88 FRES RATIO (PC/PP) = e606 DEL PRES SAHPLE = 3*95 
UT FLOW-(LBH/SEC) t TURBINE = .0577 - RNETER = .0483 

POROSITY-(%) $ TURBINE = ,3963 - RMfTER = e3317 -.------------------------------------------------------------------ ------------------------------------------------------------------- 
PP P C  R f l  PR TF TP F' T HT AT 

(PSIA)  (PSIA)  ( X I  (FS IA )  (HZ) (PS IA )  (DEG R )  (DEG R! (DEG f?)  
10 7 .  1 100 46*8 920 46.8 536 536 536 

HACH I = -73 PRES RATIO (F'C/PF') = ,706 D E L  PRES SAHPLE = 2.94 
U I  FLOU-(LBM/SEC) t TURBINE = ,0469 - RHEITER = ,0438 

POROSITY-(%) $ TURBINE = .3437 - RHETER = *3209 ................................................................... ------------------------------------------------------------------- 
FF PC RH F'R TF I P  P T  M'I' A T  

(PSIA)  (PS IA )  ( X I  (PS IA )  (HZ) (PS IA )  (DEG R )  (DEG R)  (DEG 
10 8 98 35.7 920 36.3 536 535 536 

MACH # = .58 PRES RATIO (PC/PP) = ,799 DEL PRES SAMPLE = 2.01 
UT FLOU-(LBH/SEC) t TURBINE = .0364 - RHETER = ,0375 

POROSITY-(XI TUHEINE = .3013 - RHETER = ,3105 
-------------------------.-------------------------------------------- -------------------------------------------------------------------- 

PP PC RM PR TF TP PT M '1 AT 
(PS IA)  (PS IA )  ( X )  (PSIA)  (HZ)  ( P S I A )  (DEG R)  (DEG R )  (DEG R )  

J 0 9 73 22.6 890 22.9 536 536 536 

MACH # = a4 F'RES RATIO (PC/PP) = *899 IlEL F'RES SAMPLE = 1.01 
W 1  FLOW-(LEM/SEC) t TURBINE = ,0222 - RMETER = ,0224 

POROSITY-('XI * TlJREINE = ,2442 - RMETER = ,2458 ====I*='============-------======z=================zzz============= 



* * * S t  T1TLE:SRB SKIRT STEhDY STATE FLOW DATA OF 8 /10 /78  ttftt 
HEADER:PLENUH TEHP APPROX 7 0  DEG F PRESS APP.. i)X 1 PSIA 

========*----=---------------------------------------------------.-- ---- ..................................................... 
PF PC RH FR T F TP FT t i ~  AT 

(PSIA)  (PSIA)  ( X )  (PS IA)  (HZ)  (PSIA)  (DEG R )  (DEG R l  (DEG R ?  
1 r5 2 0  2 r  1 5 8 5  2.2 5 4 0  540 5 4 0  

MACH # = 1r08 PRES RATIO (PC/PP) = ,484 DEL PRES SAHF'LE e52 
UT FLOW-(LBH/SEC) * TURBINE = 1.40000E-03 - RHETER = l r 9 0 0 0 0 E - 0 3  

POROSITY-(%) * TURBINE .0973 - RHETER = . I 3 0 3  
................................................................... 



ORIGINAL PAGE 18 
OF piNR QUAI .IR 

**a** T1TLE:SRB SKIRT STEADY STATE FLOW DATA OF 8/10/?€# * * S t *  
HEAQER:PLENUH TEMP APPROX 70 DEG F PRESS Af.'P)ZI)X 5 P S I 9  

I 
= = = = = = L E P P ~ t = = l r l t = ' = = = t = = = ~ = = t Z x = = = = ~ = = z = ~ = = = = ~ = = ~ = = = ~ = = = =  

PP PC RH PR TF TP PT HI AT 
(PSICS) (FS IA)  ( X I  ( P S I & )  (HZ) ( P S I A )  (DEG R )  (DEG R )  (LIE6  R 1  

5 1 85 26.6 933 27 3 4 0  540 5 4 0  

I HACH # t 1 . 7 2  PRES RAT I 0  (PC/PP = , 2 DEL. PRES SAMPLE - 4 
U7 FLOW-(LRWSEC) t TUREINF = ,0273 - Ci'l)El'E)Z = ,028 

R POROSITY-(XI $ TURBINE ,3745 - RHETER = ,3844 
= I = = P 1 = = I l = r ' = X t = = = f I = = r = ' = 1 = f = 1 = = = = = = = ~ = ~ = - : = = = = = ~ = = = = = ~ = ~ ~ ~ ~ z = ~ = = = ~ ~ = = = ~ = = ~ = = =  

OF' PC RM PR TF TP F7' HT A T  
(PSIA)  (PSIA)  ( X I  (PSIR) (HZ) (FSIA) (L&G R )  (DEG K ,  (DEG R l  

S 4 55 1 1 8  811 12, 1 4 t o  5 4 0  540 

MACH # = .57 PRES R A T I O  (PC/FF) = ,805 DEL PRES SAHPLE = .97 u U1 FLOW-(LPHiSEC) * TURBINE = , 0107  - RMETER = ,0121 
POf?OSITY-(XI t TURBINE = ,1804 - RMETER = ,204 

-.-...------------------- ------..-- --------- ---- - ----- -....----- ---- ---....--------..-- ----------------------------------------------.------------------------ 



1 I **tt* TITL.E:Bf?B SKIRT STCQDY STATE FLOU DATA OF 8 /19 /78  * S t * $  
HEADER:PLENUH TENP ABPROX 7 0  DEG F FRESS APPROX 10 PSIA 

E = P = = P l l r Z I P = S t f P I = = E = f P = = = ~ = = ~ = . T J = = = = ~ I = = : x = = ~ = = = = = = = = ~ ~ = = ~ = = ~ = ~ = = = = = = = =  

- I FP PC RH PR TF TF PT HT AT 
(PSIA)  (PSIA)  ( X I  (PS I41  (HZ) (PSfA)  (LIEG f?) (DEG d )  (DEG R)  

10 4 100 6917 862 69, 7 540  5 4 0  5 4 0  

1 MACH # = 1.24 FRES RATIO (PCIPP) ,398 DEL PRES SAHF'LE = 6.01 
WT FLGW-(LPN/SEC) * TURBINE = a0652 - RHETER = ,0533 

B POROSITY-(%) * TURBINE = 44478 - RMETER = ,3662 
.......................................................................... 

PP PC RH PR TF TP PT HT AT 

u (PSIA) (F'SIA) ( X )  (PSIA)  (HZ)  (PSIA)  (DEG R) (DEG R )  (DEG R )  
10 6 100 55 9 2 4  56 540 5 4 0  5 4 0  

MACH # = , 9  PRES RATIO (PC/PF) = ,598 DEL PRES SAhPLE = 4 * 0 2  

0 U7' FLOW-(LBIJ/SEC) * TURBINE = ,056 - RMEIER = ,0478 
POROSITY-(XI t TURBINE = ,3849 - RHETER = ,3282 

==E============----~r-~==r-=~=~~J=~=============~=======~=~==L-~====== 

a PF PC RW PR T F TF' P1' HT AT 
(FSIA)  (PSIA)  ( 2 )  (PSIA)  (HZ)  (PSIA)  iOEG R )  (DEG R )  (DEG R )  

10 9 7 3 22,5 8E3 22.9 5 4 0  540  5 4 0  

HACH # = ,4 FRES RATIO (PC/PP) = ,899 DEL F'WES SAkPLE = 1+01 
UT FLOW-(LEH/SEC) * TURBINE = ,0219 - RHETER = ,0223 

POROSITY-(%) f TURBINE = ,2415 - RHETER = ,2453 

U . - - - - - - - - I - . . .L- - - - - - -  ---. ----__ - ------..------ --------------------------.-  -------------------------------------------------------------------- 



I It**** T1TLE:SRB SKIRT SrLADY STATE FLOW DATA QF 8/10/78 $**r(cS 
HEADER:F'L-ENUM TEMP APF'ROX 500 DEG F PRESS APPROX 5 P S I 4  

0 
p==p==Jpp============--=.LIILII-LIILII-LII=-----=-----.-------------- -- ------- ,,-,- -----,,,-,-,-,,----~===E= 

FF PC Rtl PR TF T P PT MT AT 
( F S I A )  ( P S I A )  ( X I  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  ( D E G  R j  (DEG R ?  

5 1 58 14.2 803 14.5 986 1021 538 n UACH # = 1.72 FRES RATIO (PC/PF) = ,202 DEL PRES SAMP1.E = 3.98 
WT FLOW-(LEH/SEC) * TURBINE = ,0127 - RHETER = ,0141 

0 POROSITY-(%) * TURBINE = r2364 - RMETER = r2623 
=====p====E======I=E=====~=r==========x===========s==~======2~======== 

FP FC ~ f i  PI\' TF TF' F'T MT A T  

El 
( P S I A )  ( P S I A )  ( X I  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  (DEG R )  (DEG R )  
5 2 54 12.4 760 12.6 960 907 538 

MACH # = 1.23 PRES RATIO (PC/F'F') = *402 DEL F'RES SAMPLE = 2.96 
WT FLOW-(LBII/SEC) $ i'ir'3YINE = r0105 - RMElER = ,0123 

POROSITY-(%) M TURBINE = el937 - RME:rER = ,2271 
====='===slt=============x====================.==========x::========x 

FF' PC RH FR TF TP PT' MT AT 
( P S I A )  ( F S I A )  ( X )  ( P S I A )  (HZ)  (F 'SIA)  (DEG R )  (DEG R ?  (DUG R \  
5 3 47 10 722 10.3 060 907 538 

I MACH # = $89 PRES RATIO (PC/PP) = *603 DEL PRES SAMPLE = 1.97 
WT FLOW-(LBH/SEC) TURRINF. = 8.20000E-03 - RMETER = Y.60000E-03 

POROSITY-(%) t TURBINE = ,1513 - RMETER = e l 7 8 1  

I =X=====----=Z=======---G- ===== - .-.".---....---====== = ==== =&-== :=.= =...============ 

F'P PC RM F'R TF TF' F'T MT AT 
( P S I A )  ( P S I A )  C X )  (F 'SIA)  ( H Z )  ( P S I A )  (DEG R )  (DEG R ?  (DEG R )  

I 5 4 3 4 7*4 637 7 + d 969 942 538 

MACH # = ,58 F'RF:S R A l  10 (F'C/F'fl') - * 802 LlEL F'RE!: SAMPLE = l 99 
WT FLOW-(LEM/SEC) t TI.!REINE = 5.30000E-03 -. RME'TER = a*00000E-03 

POROSITY-(%) S TURBINE = ,1198 - RMETER = ,135 
-x---------"--C-l"-"'-- --..---- ..".-....------'-'--.. -- .-----."-----------I--".-'----- ---- -..- - ----------- ------------- -.------- ---- ------------- --------.-- - --------- 



. . 

.i. * '., 

I 3: 
* S t * *  T1TLE:SRP SKIRT STEADY STATE F'LOW DATA OF 8/10/78 * * * S f  Qf !.+ 

PRESS APPROX 10 PSIA 
. ~ 

HEAQER:PLENUH TEHP APPROX 500 QEG F ;+a 
: .~ 

~ D I ~ ~ = = = = P ~ P = = ~ ~ P = = = ~ ~ = = = : = : ~ X : ~ = = S ~ = = = L ~ = ~ : = = ~ = = = = S = = = = = = = = ~ = = = = = ~ = ~ = =  +' 

I FP FC RH FR fF TP FT HT AT ::s 

1 5; 

(PSIA)  ( P S I A )  ( X I  ( P S I A )  (HZ) (PS IA )  (DEG R )  (DEG R)  (DEG R )  . .. . L' 
: :? 

10 6 82 2 8 , 2  876 2866 973 977 538 , ,. .: 

I HACH # = ,9 PRES RATIO (YC/PP) P r598 DEL PRES SAMF.'LE = 4.02 
WP FLOW-(LBH/SEC) $ TURBINE = ,0273 - RHETER = ,028 

I POROSITY-(XI * TURBINE = ,2514 - RMETER = +2584 
P=r=========IE===============JDZ===Jr:Z==~=~z====~~s======~zz=~zzzz======= 

PP PC RM F'R TF TP P T MT A T  

is 
(PS IA )  ( P S I A )  ( % I  ( P S I A )  (HZ )  (PS IA )  (DEG R)  (DEG R)  (DEG R)  

10 7 73 23.6 856 24 9'7 1 '764 538 

HACH # = *74  PRES RATIO (F'C/F'P) = ,697 DEL PRES SAMPLE = 3e04 

I UT FLOW-(LBH/SEC) * TURBINE z ,0224 - RHETER = ,0227 
?OROSITY-(X) * T U R B I N E =  ,2204 - RMETER = ,2233 

==~==----==========l=====1E===TZ~z;==~=~==~==~======~======-y=~~s==L-=====~~L- 
PP PC RH PR TF TF' F' T HT AT 

( P S I A )  ( P S I A )  ( % )  ( P S I A )  (HZ)  (F'SIA) (DEG R )  (DEG H) (DLG R i  
10 8 6? 1 9 , l  747 1 9 + 4  969 907 530 

MACH # = ,SF! PRES R A T I O  (F'C/PF) = ,797 DEL F'F<ES SAMPLE = 2e03 
WT FLOW-(LBH/SEC) * TUREINE = ,0159 - RMETER = ,0175 

POROSITY-(%) * TURBINE = ,1755 -- RMETER = * 1934 
...----- --_-_---___-- "---------------- -----..-- - --..- ............................... --...-- -----------..---- --- ------" ------- .--- ---- ------ ....................... 

FY PC RH F' R T F TP F'T MT AT 0 
(PS IA )  ( P S I A )  ( % )  (PSICI) (HZ)  ( P S I A )  (DEG R )  (DEG R )  (DEG R )  

0 
10 9 45 14 618 1 4 * 2  977 951 538 

MACH # = ,4 F'RES EAT10 (F'C/PP) = ,899 DEL F'HES SAMF'L.E = 1,01 
WT FLOW-(LPM/SEC) 1 TUREINE = 9,70000E-03 - RMETER = ,010E n POROSITY-(2) f TUKEINE = ,1434 - RMETER = ,1597 
===='t=============z=r:=z='"~~=======~=~===z~======================= 



ORIGINAL PAGE 16 
OF POOR Q,UALITY 

t t*f t  TITLEISRB SKIRT STEADY STATE FLOW DATA OF 8/11/78 #**** 
HEADER:FLENUM TEHP AF'F'ROX 70 DEG F PRESS APPkOX 1 F'SIA 

E l t D J = P P @ ~ ~ a = = I = = = = = = = C = = = = = = Z = r : = ~ = i = = = = r ~ = = = = ~ ' s = " 2 ~ ~ ~ = ~ = ~ ~ = ~ = = = ~ ~ = = = : = =  

PP PC RH PR TF TP F'T HT AT 
( P S I A )  (PSIA)  ( X )  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  (DEG R )  (DEG R )  

i 1 ,9 20 1 . 4  615 1 , s  536 536 5 3 6  

MACH 4 = 1.08 PRF.S RATIO (FC/FP)  = , 4 8 4  IlEL F'RES SAMPLE = 652 
UT FLOW-(LEh/SEC) * TURBINE = 1 .00000E-03  - RMETEK = 1 , 6 0 0 0 0 E - 0 3  

POROSITY-(X) * TURBINE - , 0 6 9 3  - RMETER = , 1 0 5 6  
= C = I P = = - - - - t l = P " P E = = = ~ ' C ~ z = = ~ - - - = = = ~ = = = . = ~ x = = ~ ~ ~ - G x = = = = ~ = =  



t X X l t %  TITLEZSRP SKIRT STEADY STATE FLOW DATA OF 8 / 1 1 / 7 8  t f l t l  
HEADERtPLENUM TEMP AF'F'ROX 70 DECi F PRESS APf:'ROX 5 F'SIA 

-.alx==texx=----==p--p-pp-."." .-..-.-..-.---------.-------.- - -- .----..------ -..-.-.----------- - ---- "..-.-- --.... -.-.-.-.-1.----.".-11.1--.--."**"""----------~-----.-----I.-- 

PF' PC RH F'R T F TF F'T MT A 1' 
( P S I A )  ( F S I A )  ( 2 )  ( P S I A )  (HZ)  (F'SIA) (DEG R )  (DEG K )  (DEG R )  
S 1 8 4 2 6  928 26,s 536 5 3 4  536 

MACH 4 1 * 7 3  PRFS RATIO (PC/F'P) = ,198 DEL F'RES SAMt':'LE = 4 
UT FLOW-(LEH/SEC) 1 TUREINE = ,0268  - RME'I'EH :: ,0274  

POROSITY-(%) * TURBINE = ,3677 - RHCTER :: ,3745  
=0=t===z===r= =~-.gt~~==r-=====:==~====="= 

FF F'C RM F'R T F TP F'T MT AT 
( P S I A )  ( P S I A )  ( 2 )  ( P S I A )  ( H Z )  ( P S I A )  (DEG K )  (DEG K )  (DEG Rb 

S 2 7 8 23 900 23 e 4 5YS 536 536 

HACH # = 1.23 PRES RATIO (F'C/PF') - , 4 0 1  LlEL F'FZES SAMPLE 2,518 
UT FLOW-(LEH/SEC) f 7URBINE = ,023  - RMETER = , 0 2 4 1  

POROSITY-(%) $ T U R B I N E  2: , 3164  - RME:l'F?< = , 3 3 2 2  
= = = Z = I = = = = = t = = = = = = = = = = = = = = = ~ = ~ : = = = = = = = = = = = ~ = ~ ~ = ~ = : z ~ ~ = ~ z z : : = : ~ s ~ : : = = = ~ = : ~ = : : : = =  

F'P F' C R M F' H TF TP F'T HT A T  
( F S I A )  (PSIIS) ( 2 )  (F'SZFI) ( H Z )  (F 'SIA)  (DEG K!  (DEG R )  (DEG R )  

5 3 70 1 H r 2  918 1 8 . 6  5 3 6  536 535 

MACH # = *89 PRES RATIO (F'C/F'F') = ,603  DEL F'UES SAMPLE = 1 . 9 7  
UT FLOW-(LEM/SEC) $ TURBINE = ,0186  - RMETER = , 0 1 9 1  

POROSITY-(%) t TURBINE = ,2573 - RMETER = ,2649 
........................... =.=z==z71----== = = = ~ ~ ~ ~ ~  ..-.---~~---=~==:====~ 

F'P PC RM F' R TF TF' F'T M 'r AT 
(F'SIA) (F 'SIA) ( X I  (F 'SIA)  (HZ)  (F 'S IA )  (DEG R )  (UE!G R )  (DEG R )  

S 4 5 5 1 1 * ?  7 9 6  1 2 . 2  536 535 5.36 

MACH : = .58 F'RES RATIO (F 'c /F 'P~ - ,798 DE:L F'RFS SAMPLE = i , o i  
WT FLOU-(LEM/SEC) t TUREINE = ,0106  - RMEI'ER = , 0 1 2 2  

POROSITY-(2) t TURBINE = . I 7 6 3  - KMETER = ,2015 
. - -  - - -  -- - ----------------- ------- ---- -----------------.--------------- ---....---- 



1 **$at T1TLE:SRB SKIRT STEADY STATE FLOW DATA OF 8 / 1 1 / 7 8  t f * t Y  
HE4DER:PLENUM TEHP APPROX 7 0  DEG F PRESS AF'F'ROX 10 F'SIA 1,. * 

........................................ 7='32'==="----"--.----'"----""------- - 
----I------.," -.---.".- - - - . L I I - . - J - 1 1 - ^ - - - - - - - - - - - - - " - " " - " -  ---- -I---------.--- 

FP PC RM F'R 1' F TF' F' T HT AT 
( P S I A )  ( P S I A )  ( % )  (F:'SIA) (HZ)  ( P S I & )  (DE.G R )  (DEG R )  (DFG A )  

10 4 0 0 867 69 536 536 536 

MACH # = la24 F'REiS RATICI (F'C/PP) - ,398 DEL F'RES SAMF'L-E = 6+0J 
VT FLOW-(LBH/SEC) t TUREINE = ,0653 - RhlE'TER 0 

POROSITY-(XI * T U R B I N E  - ,4465 - RMkTER = 0 -.-------- --------- - - - -  .-l.-----".-l---.-".-I--------I--I"**"-------- ---- ......................................................................... 
F'P F'C RM F'K TF TP F'T MT AT 

( P S I A )  ( F S I A )  ( 2 )  (F 'SIA)  (HZ)  ( P S I A )  (DEG R )  (DEG R! (DEG R )  
10 5 0 0 908 632 , 8 536 536 536 

MACH # = 1 t06 F'HE:S RATIO (PC/F'F') = ,496 ISEL F'F:!ES SAMPLE = 5*05 
WT FLOW-(LFM/SEC) f TURBINE = ,0622 - RME:TER = 0 

POROSITY-(X) d TURBINE = ,425 - RiYE'TER = 0 
==========5======If = : : = ~ = = = - T ~ I ~ Z = = = E I Z : r z = z = = = ~ = = ~ ~ = = = ~ = = = = : : ~ - ~ = = = = z = ~ = = ~  

F'P PC RM p~ TF TP F'T HT AT 
( P S I A )  (F 'SIA) ( % )  ( P S I A )  (HZ)  (F 'SIA)  (DEG H) (DEG R )  (DFG R'  
10 '6 0 G 931 ac) , 2 536 536 536 C T L '  

MACH # = 089 PRES RATIO (PC/F'F') =; 4 6  DEL.. F'RES SAMPLE = 4 
W I  FLOW-(LBM/SEC) t TUKEINE = ,056 -- RME!TER = 0 

F'OROSITY-(:!) t TCJRBTNE r. ,3043 - RE$[-TFR = 0 
-.-----------..- ........ ..-..........-...... ............................................................... ---------- ----.---.---------- ""  -----.-------..-. .--..-.. ------"-"." ------ --- ---- ---" --.--- 

F'F' F'C RM F'R TF TF' F' T MT A 7 
( P S I A )  ( F S I A )  ( % )  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  (DEG K )  (DEG K! 

10 7 0 0 YO7 46 4 536 536 536 

MACH # = ,74 F'RES RATIO (F'C/FT" - ,698 DEL F'RES SAMPLE = 3.02 
W1 FLOW-(LBH/SEC) * TUREINE = ,0459 - RMETER = 0 

F'OROSITY-(%) t TUREINE = a3337 - RMETER = 0 
=:========= ======== ==== ==== ' " = : : s = = = = = = - y ; = = = = = = ~ = = = ~ ~ z = ~ z ~ = ~ - - = = = = = = = = = z ~ ~ =  

F'F' PC RM F'H TF TF' F'T Ml'  AT 
( P S I A )  (F'SIA) ( % )  ( P S I A )  (HZ)  (F 'SIA) (DEG R )  (DEG R )  (KIE:G R )  

10 8 0 0 91 4 35 , 6 536 536 5'36 

MACH # = e ' 3 8  F'RES RATIO (FC/PF') = a797 ISEL- F'RES SAMF'LE = 2003 
WT FLOW--(LBfl/SEC) * TURBINE = ,0355 - HMETER = 0 

POROSITY-(%) * TURBINE = ,2923 - RMETER = O 
s==========L-='~=z55~z~t.-=e::L.~r==~=====~~:Esr======::~~L-.-z~-==~==~=~=~~z~-=z~z:~--" 

F F' PC RM pw TF' TF' F' i MT AT 
(F'SIA) ( P S I A )  ( % I  ( F ' S I A )  ( H Z )  ( F ' S I A )  (TIEG R )  (I'IEG R )  (DEG R )  
10 9 0 0 8 1 4  23 536 e ,936 536 

MACH # = , 4  PRES RR I ' I O  I PC:./PF') L.: + 898 l lEL FIRES SRMF'LEI' = 1 + 02 
w l '  FLOW-(LEfl/SEC) f TURBINE = ,0205 - RHI::TER = 0 

F'OROSITY--(%) t 1UREINt7':: ,2229 - RMETE~R = 0 
................................................. ._," ..---.., ............................................................ ........................................................................................ 

PP PC RM F' F: 7' F' TF' F'l' HT AT 
(F 'SIA)  (F'SIE:) ( % )  (F 'SIA) (HZ) (F'SIh) (DEiG R )  (DEG F3) (DEG R )  

10 9 6 5 0 0 692 15+6 536 536 536 

flACH # = +27 F'RES FiClTIO (PC/F1'F') = t95 SIEL F'HES SRKF'LE = +"J 
WT FLOW-(LEM/SEC:) t TIJKPINE = ,OllY -- RME:TEH 22 C) 

f:'OF\'OSI7Y-(%I t TURPINEt' 1. ,1792 - F( 'ME~~:R = 0 
...... -..--.-----I-----"--_---------.---.-.. ..-.-- ............................. -.---..-....---..-.----.--.------ ----.------...-.- ....... --- .............................................................._................................. 



I SS*fb  T1TLE:SRE SKIRT STEAfi'.' SThTE FLOW DATA OF' 8 / 1 1 / 7 8  *t*tt 
HEADER:PLENUH TEMP APFKOX iOOO DEG F PRESS APF'HOX S P S I A  

,----P=PtZP==========C=======:fs=f= X r l ~ a P ' = = 0 = = = a t = = ~ ~ r ; : ~ = ~ = ; = : ~ = ' = ~ 1 ~ X C f = r - - - - ' -  

F'P PC RM F'R TF TP F' T MT AT 
(FSIA) (PSI&) ( x )  (PSIA) (HZ )  ( P s I n )  (KEG R )  (IIE.O R )  (DEG R )  

5 1 47 1 0 1 4  739 1 0 1 7  1 4 6 4  1 5 4 0  536 

I HCICH # = 1 1 7 2  F'RES Rf lTIO (F'C/PP) = * 2 0 2  rIE:L F'RES SAMPLE = 3 * 9 8  
UT FLOW-(LRH/SEC) t TURBINE 8,70000E-*03 - RMETER = Y,70000E-03 

I POROSITY-(%) * TUREtINE .+ 1 1 9 6 0  -- RMETER = 1 2 2 0 1  
I .....=== =t=*=tP===2-:"=" =."=l="" "-"----"-"-'--'--".*".- -.-- '-- ---'.----- -_----"..-----"------- ..----. --.".- ..--..- ----- 

PF' PC RH PR TF T P F7' MT AT 

I 
( P S I A )  ( P S I A )  ( X )  ( P S I A )  ( H Z )  ( P S I A )  (LEG R ?  (DEG R )  (DEG K !  

5 2 4 2  V 12 6 6 8  9 9 4 1 4 6 4  1452 536 

HACH # = 1.24 PRES KC.,TIO (FC/PF') = ,399  I)EL F'KES SAMPLE = 3 

I U1 FLOW-(LBM/SEC) t TURBINE = b190000E-0:3 - RMETEK = 8 ,30000E-03  
POROSITY-(%) * TURBINE = ,1569  - RMET€.t? = ,1872  

Z=t=tJ====E=DP==---- -2~=~ LS.=z-.=z E = = p - = : = = ~ = = : = = = = z ~ ~ ~ = - - - = = = ~ = = = z 2 ~ = 7 z ~ = : ~ = L - 2 :  

I PP PC Rfl F' Ft TF TP !:I T M T A T  
( P S I A )  ( P S I A )  ( 2 )  (F 'SIA) ( H Z )  (F: 'SIA)  (DE'G R ?  (UEG R )  f t l LG R !  

5 3 35 7 * 8  6 1 1  f3,1 1 4 6 9  1 4 7 3  536 

'I MACH # = 189  PRES RATIO (F'C/PF') E-- * 6 0 1  DEL- F'RKS SAMF'LE: = 1 *?9 
WT FLOW-(LEM/SEC) t TURBINE = 5.50000E.-03 - KPiETFH 2 6.40003E:-03 t- 

POROSITY--(%) t TUKEINE = 11246  - RMFIER = * 1 4 4 6  ; 

I ....------------_--------- ---.__...._-. -....-- ..--.---. --..-- ----- I .-I-- -------..--.-1----- 
- - I - - - - - - - - _ _ _ - - - - - - - - -  _....-__--_ ^ _...-_I--LI - ._.--- ---- --.- ------.-- 

PP PC RM F' R TF 1' F' F' T r\ 'r AT 6:; # 9  

(F 'SIA)  (F'SIR) ( % )  ( K I A )  .(HZ) ( p S I A )  (DEG Fi) (DEG R )  (UEG R '  \ I  

5 4 2 4  6 * 2 4 6 8  6 1 4 1 4 6 4  1376 536 

MACH # = 158 PKES RAI 'S0  (PC/F'F') --; ,802 L'lE::L PRES SAPIt.'LE: = o Y Y  
WT FLOW-(LPH/SEC) $ TURBINE = 3*40000E:-03 - KMETER = 3 ,80000E-03  

POROSITY-(%) $ TURBINE = ,0928  - RMETEK = ,1059 
-.."a== ========-.=== ==== = ~ ~ " ' ~ = = : = = = = = = = ~ : : ~ ~ ~ ~ ~ = ~ ~ ~ = ~ = - ~ z - y . : : = = = = ~ ~ - ~ = = - - - " ~ = ~ ~  

! 
- 

I 



ORIGINAL PACE I6 
OF POOR QUAJ,IW 

* S t * #  T1TLE:SRE SKIRT  SI'EADY STATE FLOW DATA OF 8/11/78 f*$ictt 
HE4DER:PLENUM 1EMP AF'F'ROX 1000 DEG F PRE:SG AF'PROX 10 P S I 4  

= ~ ~ ~ P E Z I D ~ = E P = ~ = = ~ = = ~ = = ~ : : ~ L ~ = = : = X = = = = : ~ = = = : = ~ : : = = ~ ~ = = = = = = ~ = = = ~ = = ~ = ~ = ~ = ~  

F'P PC RM F'R TF TP F'T MT nr 
( F S I A )  ( P S I 4 1  ( X I  ( F S I A )  (HZ2 ( P S I A )  (DEG R )  (rlEG R )  ( D F G  R )  

9 r 9 6 63 1Tc6 739 19 r9  1926 1338 536 

MACH # r88 F'RES G h T I O  (F'C/PP) (605 DEL F'RES SAMPLE = 3191 - R/.ir""ER = UT FLOW-(LBM/SEC) t TURBINE' = +0161 rQ179 
POROSITY-(%) t TURBINE r182Y - RMUJ'ER z ,2023 

i 
!. 

================.f==SE='Ll""===St'-================aE", i 
QP PC RM F'R TF' TP F'T MT AT j: 

( P S I A )  ( P S I A )  ( X )  ( P S I 4 1  ( H I )  (F 'S IA )  (DEG H )  (DEG R )  (DETj k 
I 

10 7 56 17r3 700 17r6  i4C.q 1384 536 

MACH # t (74 PRES RATIO (F'C/F'P) = ,695' SCL F'HES SRMF'LE = 3 * 0 2  
WT FLOW-(LBM/SEC) t TURBINE = r0136 - REETER = (0149 . % 

POROSITY-(%) t TURBINE el626 - RHF-TEK = ,179 i 

Il======P====t5==' ===:::-yz==zz== = ==:=:E;=:~=II=-..-..-~ = ~ = z = = = = = = & - K z ; = ~ = ~ ~ = = = ~ -  ! ' 

P F  PC Ui4 F' R T F' TP F'T MT AT 
( P S I 4 1  ( P S I A )  ( X I  (F 'SIR) ( H Z )  (F 'SIA) (DErj  R )  (DEG f ? )  (DEG R j  

10 8 46 14 t7  595' 14r9  1469 1426 536 

MACH # = r 58 F'RES RATIT! (FC/F'F') = ,797 DEL. F'RES SAMPLE = 2.03 
W l '  FLOW-(LRM/SE:C) f TURTiINE = 9*VOOOOE--03 - RME:'TEt;I = *0114 

POROSITY-(X)  f TURBINE = 61347 - RMETEK = ,1534 ----- -----------------------.--.-------.- "..--... .--- ". -..--.- .--.. --.*--------.----------..- 
----------me-------- ---- ---....---------- ------- - ------ --------------------. 

F'P PC RM F' R TF TF' F'T M I n 1 
(F 'S IA)  ( P S I 4 1  ( X )  (F 'S IR)  ( H Z )  (FC'SIA) (DEG R )  (IrFG h') (DEG H )  

10 9 31 12 444 1 2 * 2  1464 1384 536 

MACH # = r 4  F'RES RATIO (F'C/F'F') - ,898 LlEL F'HES SAMPLE - 1e02 
W'f FLOW-(LBH/SEC) t TURBINE :: 64 10000E-03 - RMEiTER - 6.90000E-03 

POROSITY-(%) * T U R B I N E  = el095 - RMETEH = * 1237 --- 1---------------_--**-1__---_"---------__-....I--. -I---^_"----*---I---------- ----------------------.--------------- ---.- *-------.-------------------- 



***Sir T1TLE:SRP SKIRT STEADY S1'RTE FLOW DATA OF 8/11/7€? *t%t* 
HEAUER:PLENU?( TEMP APPROX 97 flEG F PRESS APPROX 1 P S I A  

r l e P P r = P I I a r r P I = r P = = = ~ t ' z C = . S = ~ ~ ~ r = ~ ~ = = P f = = = = ~ ~ = ~ L - ~ = = = ~ = = = ~ = = = = = = = = = = - .  

PP PC RM F'R TF T F F' T MT f i  7 
(F 'SXA)  (PSIA) ( X I  (PSIA) ( H Z )  ( w r n )  (DF:G R )  ( D E G  R )  (DES R )  

1 6 5  10 1 t5'  599 2,1 536 536 536 

MACH # 1*06 PRES RATIO (PC/PF) = * 5  ilF1- PRES SAMPLE = , S  
UT F'L.OW- ( LEM/SEC ) t 7'UKhINE = 1 , 400000-- ;)3 - RPIFTER = 1 ,60000E-03 

POROSITY-(%) t TI.IRBINE Z= ,0948 - RMETtR - ,1112 
======== '=P=--"===e==El,5z= zSzr:== l===~-===Lz====-y~-~s;y~~-7~~~====z== 



$*&*a T1TLE:SRB SKIRT STEADY STATE FLOW DATA O F  8 / 1 1 / 7 8  a t * * *  
HEADER:PLENUH TENP AF'YROX 90 DEG F PRESS APPROX 5 P S I A  

=='=P=P==E====='======E=s====3=====~==~====~=====================~==*= 

FP PC R fl PR T F TP PT HT AT 
( P S I A )  ( P S I A )  ( X I  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  (DEG R )  (DEG R )  

5 1 8 2  2 4  8 032 25.2 536 536 5 3 6  

W C H  # = 1.72 PRES RATIO (PC/PP) = e292 I IEL PRES SAMPLE = 3.98 
UT FLOW-(LEM/SEC) * TURBINE = ,0256 - RMETER = * 0 2 6 2  

POROSITY-(%) * TURBINE = ,3512 - RMETER = .3589 
--------------------------------------.----------------------------.- ------------------------------------------------------------------- 

FP PC RH PR TF TP F'T M T AT 
(PSIA)  ( Y S I A )  c X )  ( P S I A )  ( H I )  ( P S I A )  (DEG R )  (DEG R )  (DEG . )  

5 2 7 7 22.2 915 22.6 536 556 5 3 ~  

HACH # = 1.24 PRES RATIO (PC/PP) = .399 DEL PRES SAMPLE = 3 
UT FLOW-(LBM/SEC) $ TURBINE = e0226  - RHETER = , 0 2 3 2  

POROSITY-(%) 1 TURBINE = e3093  - RMETER = . 3 1 8 9  
============================----=--.--=====-----=========----======== 

PP PC RH PR TF TP PT HT AT 
( P S I & )  ( P S I A )  ( X I  ( P S I A )  (HZ)  ( P S I A )  (DEG R )  (DEG RZ ( D E G  R ?  

5 3 6 9  17.7 8 5 4  18,i 5 3 6  536 536 

MACH # = 089 PRES RATIO (PC/PP) = 0 6 0 1  DEL F'RES SAMPLE = 1.99 
UT FLOW-(LEH/SEC) $ TURBINE = .016? -- KMETER = . U l 8 6  

POROSITY-(%> * TURBINE = ,2323 - RMETER = , 2 5 5 8  
==C===--------f====------=~=-z==----=====;-------=-----=====~==----== 

PP PC RM PR T F TP F'T HT AT 
(PSIA)  ( P S I & )  ( X )  ( P S I A )  ( H Z )  ( P S I A )  (DEG F c )  (DEG R )  (DEG R '  

5 4 5 4 11.5 718 11.8 536 536 536 

HACH # = + 5 8  PRF.S RATIO (PC/PP) = ,798 I lEL PRES SAHF'LE = 1.01 
W V  FLOU-(LBki/SEC) t TURBINE = 9,30000E-03 - RMETER = e 0 1 1 7  

PORCSITY-(XI 1 TURBINE = ,1543 - RHETER = ,1944  - _---- ---.-_-_.___---------------- ------- ---------------____--------------------.-_-------------------------- 



$ t t t S  T1TLE:SRE S K I R T  STEADY STATE FLOW DATA OF 8/11/78 t t * S S  
HEADER:FLENUH TEHP APPROX 8 4  DEG F PRESS APPROX 10 P S I A  - ......................................................................... 

FP PC RH PR TF TP F'T tlT AT 
( O S I A )  ( P S I A )  ( Y )  (F 'S IA )  (HZ)  ( P S I A )  (DLG R )  (DEG R )  (DEG R )  

10 4 0 0 873 68.9 536 536 536 

MACH # = 1 .24 PRES R A T I O  <PC/PP) = ,398 DEL PRES SAHPLE = 6.01 
UT FLOW-(LEH/SEC) * TURBINE = ,0657 - RHEIER = 0 

POROSITY-(X) t TURBINE = . 4 4 9 7  - RHETER = 0 --------------------- ------------- ----.- ------.-.----- - ------------------ -.-------------------------------.-----------.------------------------ 
PP PC RH PR TF TF' F'T MT AT 

( P S I A )  ( P S I A )  ( X I  ( P S I A )  ( H Z )  ( P S I A )  (DEG R )  (DEG R )  iDEG R l  
10 c. 

J 0 0 921 62.9 536 536 e- a36 

HACH # = 1.06 PRES R A T I O  (PC/F'P) = ,499 DEL PRES SAMPLE = 5.01 
UT FLOW-(LBM/SEC) t TURBINE = ,3632 - RMETER = 0 

POROSITY-(XI  t TURBINE = , 4 3 2 4  - RHETER = 0 
.-----------------__-------------------------.------------------------- .----------------__-------------------------------------------------- 

PP PC RH FR TF  TF' PT MT AT 
(F 'S IA)  (F 'SIA) ( X )  ( F ' S I R )  ( H Z )  (F 'SIA) (DEG f 3 )  (DEG R !  (DEO R ?  

10 6 0 0 9 3 4  55.3 435 536 C '- c- 
,836 

MACH # = ,89 PRES RATIO (PC/PP) = - 6  DEL PRES S*lMFLE = 4 
Ui' FLOW-(LEM/SEC) t TURBINE = .0563 - RMETER = 0 

POROSITY-(%) t TCRFINE = ,3863 - RMETER = O -----------_--------------------------------------------------------- ------------_-_----------------------------------------------------- 
FP PC RM PR TF  TP F'T MT AT 

(F'SIA) i P S I A )  ! X I  (F 'E IA )  ( H Z )  (F 'S IA )  iDEG f?! (L'IEG 8 )  (DEG R )  
10 7 0 0 9113 46.2  a36 536 536 c-. 

MACH # = * 7 4  PRES RATIO (PC/PP) = 0698 DEL F'RES SAMPLE = 3 . 0 2  
U7 FLOW-(LBH/SEC) t TURElNE = ,0462 - RME1ER = 0 

P C 7 3 S I T Y - ( X )  f T U R B I N E =  ,3362 - KMETEF = 0 
---------------------------.----------------------------.------------- -------------------------------------------------------------------- 

PP PC R i4 F'R TF  TP F' T MT AT 
( P S I A )  ( P S I A )  ( % I  CPSIA)  (HZ) ( F S I A )  (DEG R )  (DEG R )  (DEG R )  

10 8 0 0 922 35.3 535 536 536 

MACH e = .58 PRES RATIO (PC/PP) = ,797 IIL..L PRES SAMPLE = 2.03 
WT FLOH-(LEH/SEC) t TURBINE = , 0 3 5 5  - F<HETEF< = 0 

POROSITV-.(X) * TURBINE = ,2925 - RMF'TER .. 0 
.--- ---- --- ---- -------.-- ---- - ------ ---..---------- ----------- -.---- -- -..---- -- ----- "--------^-----.-------------- ---- ----.----------------.-------------------- 

PP F' c RH F' R T F: TF' PT M r A T  
( F ' S I A )  (F 'SIA) ( X I  (F 'S IA)  O I Z )  ( P S I A )  (DE:G R ?  (1lE.G R )  (DEG F') 

10 9 0 0 8 3 1  22.4 '536 536 5 3 6  

MACH # = , 4  PKES RATIO (YC/PP) = ,899 DEL PRES SAMPLE = 1.01 
W 1  FLOW-(LEM/SEcC) t TlJF<BINE = ,0204 - RME1E:R = 0 

POROSITY-(%) t TURBINE = ,2235 - RMETER = 0 
-^.-.------"--".."-------.---------- -._. __- -- --..-.------. ----_ -..- - _---- --". -------- ---- ------------- ----- -----.--- -.----------.---- ..-. --- -.-- -- --.------ma-. 



* * S t *  T1TLE:SRR SKIRT STEADY F .rE FLOW IIRTA OF 8 /31 /76  st***  
HEADER:FLENUH TENP AFPROX 70 -.G F PRESS APPROX 5 F S I A  

- - - - - - - - - - - - - 

PF PC RH PR TF TF FT HT AT 
<PSI&) (FS IA )  ( X I  (PSIA)  (HZ) (FS IA )  (DEG R )  (DEG R)  (DEG 

5 1 4 1  8,4 6 2 0  8.6 534 534 5 3 4  

MACH 4 = 1.72 YRES RATIO (PC/FY) = a 2  DEL FRES SRHPLE = 3.99 
UT FLOW-<LEW/S€C) t TURBINE = S,90000€-03 - RHETER = 7+70000E-03 

POROSITY-(%) t TURBINE = ,081 - RHETER = ,1057 
~PL'===PXI==f==P'=PI=rl===========~==================================== 

FF PC RH P f? TF TP FT HT AT 
<PSI&) (PSIA)  ( X )  (PSIA)  (HZ) (PS IA )  (DEG R ?  ( D F G  R) (DEG Rb 

5 2 39 7 . 8 632 8.1 534  534 534 

HACH # = 1.24 FRES RATIO <PC/FP) = ,399 DEL FRES SAMPLE = 3 
YT FLOW-(LRfi/SEC) d TURBINE = 5.70000E-03 - RWETER = 7*00000E-03 

POROSITY-(%) $ TURBINE = ,0777 - RHEfER = ,0957 ---------- --------- ------- -------------------.- ------------ ------------ ---------------------.---.------------------------------------------- 
FP PC RH F'R TF' TFp PT MT AT 

(FSIA)  (PS IA )  ( X I  (PS IA )  (HZ)  (PS IA )  (DEG R )  (DEG R)  (DEG R )  
5 3 3 3  / 5 8 0  7 2 534 534  534 - 

HACH # = .89 F'RES RATIO (F'C/PP) = ,601 I fEL PRES SAHF'LE = 1 + 9 9  
UT FLOW-(LBH/SEC) t TURBINE' = 4*60000E-03 - RHETER = 5.70000E-03 

POROSITY-(X) t TURBINE = ,0638 - RflElER = ,0781 ----- ---------.-----------------.--------------- -------------------------------------------------------------*------- 

OF PC RH PR TF TP F'T MT A T  
(YSIA)  (FS IA )  ( X )  ( F ' S I A )  (HZ) (PS IA )  (DEG R) (DEG R?  (DEG R )  
5 4 24 6 386 6 e 2 534 534 534 

HACH # = a 5 8  PRES RATIO (PC/PP) = ,798 DEL PRES SAMPLE = l r O l  
U1 FLOW-(LEH/SEC) t TURBINE = 2,70000E-03 - RHETER = 3*?OOOOE-03 

POROSITY-(%) $ TURBINE = ,0451 - RHETER = $ 0 6 3 7  
=I=====------t==----:5=========-----=========s=====-----===z========= 



t t * t X  T1TLE:SRB SKIRT STEADY S l A T E  FLOW DATA OF' 8/31/78 #*It* 
HEADER:F'L.ENUH TEEW AF'PROX 70 K:ti F PRESS APf:'KOX li) P S I A  

--=.=========.-.===== =~;..=:~~==;=.~ ~ ~ = = L - = ~ = = ~ = x = ~ ~ = s ~ - - - -  -...=zr2..=z ==== u FF' PC RH PR T F TF' F' T f lT  AT 
( P S I A )  (F 'SIA)  ( X )  ( P S I A )  ( H Z )  ( P S I A )  (DEG R )  (DEG R )  (DEG R ?  

10 4 6 2 1 754 18 ,4  531 531 C -. 431 

EI MACH # = 1 * 2 3  FRES RATIO (FC/PF)  = a4 DtYL PRFS SAMPLE = 5 ,9Q 
UT FLOW-(LEM/SEC) t TURBINE = ,0154  -- RHE7'ER * 0 1 7 2  

' 0 FOROSITY-(2) * TURFINE ,1047  - RMETER = , 1 1 6 9  ---- --------- ------ - ---.-----,-----...- -....-- ..--.-.-.--.---..-..- --------..---- ----- -..- ---- ... --------------------- --------- ----- ------- - -...----- ---------------..------- 

F F  F' C RW ~ : a  T F  TF' F' T MT AT 
( F S I A )  ( F S I A )  ( X )  ( P S I A )  ( H Z ?  (PSI+$) i D E G  k )  (DEG R )  (IIEG R l  

10 5 60 1 7 e 2  7 3 0  17,s 53 1 531 5 3 1  

HACH # = 1 ,06 PKES RATIO (F'C/F'F') = , 4 9 8  L1E.L PRES SAMt:'LE 2 5 . 0 5  

U UT FLOW-(LBH/SE.C) * TURPINE = , 0 1 4 2  - KNETER = t 0 1 6  
POROSITY-(%) * TURBINE - , 0 9 6 4  - RMFTER = t 1 0 8 V  

I------ ------_____--- __-. .---I -._.__----__---_~-_..-...-----.-. ^ -_.--- --------..--- ------- ----- _- _--- _"___  ..-___--_ _ _-_-____----_._-I--__-- _ -------- ------ 

3 u F'P PC RM F'R TF TF' F' T MT AT 
( P S I A )  ( P S I A )  ( % )  (F 'SIA)  (HZ) ( P S I A )  (LIEG R )  (DEG R )  (IIEG R r  

10 6 56 l a , l  6 9 0  1 A 1 4  431 531 531 c: - 
MACH # = ,9 FRES RfiTfO (f;'C/'F'P) = ,598 DEL F'RES SAhF'LE = 4 . 0 2  

WT Fl-C!W-(1-EM/SEC) t 'I'I!HI{lNE. -= * 0 1 2 7  -- KMETELF; = * 0 1 4 9  
POROSITY-(%) * TURBINE - ,0864  -. KMt.TE!R - .i?98& ----------- -- ---------. ----.- -- .. -- ---------------.- ....- .-----.-.- .----... - -- ---------------,.-------- ""-- -.- - - . - .  --..------- - --------- ------ - --..-.---..-----. ------. - 

F' P PC RM F' R TF 7' F.' F'l' MT AT 
( P S I A )  ( P S I & )  i Z )  ( P S I A )  i H % )  i F S 1 A )  ( I fEG K )  (LIEG K ?  ( D E G  R '  

10 7 51 1 ,  655 1 5 a.31 531 I' 7 
.I 1 I='- 

MACH t = ,74 F'RES RATIO (FC/F'F') :- ,698 LIEL. F'RES SAMPLE = J.OL 
W ' l  F.-LOW-(L.BM/SEC) $ TURBINt  = * 0 1 0 9  - RMFTER = ,0126 

POROSITY-(%) I TUkBINE = , 0 7 9 2  - RMETCR = tOY14 
^ ---- _--.- "_ ._-_---..-.-. __-_^-"_-.__ -.-. - -------.-.... --...--.-.-- -- -...------ -_--.______ - -__--- -- ---------- - I--_--_I-------- ---------------I------- 

F'F' PC RM F'R TF TF' F'T M 7' A T  
(F 'SIA)  ( P S I A )  ( X )  ( P S I A )  (HZ)  (F 'S IA)  (DEG h" (DEG Rb (DE:G R i  

10 8 4 4  1 3 . 3  612 1 3 1 5  531 5 3 1  53 1 

MACH # = ,58 F'h'TS RA1 I(! tF'C/PF') - , ??7 I.lE:.L F:'RE S SAMPLE = 2 a03 
W7' FLOW-(l.PH/SEC? f Tt!f<EIPE 5. 9 ,20030E-03  F'METER , 0 1 0 3  

F'OROSITY- ( X )  t l'I.!F\'FXb'E -1 , 0 7 5 7  -- RElEf.'I'E:K = ,0847 
..----------------.----..-,.,..--,. - .- - .. - .  .-...--------- - ...--- --- ."-- .- - ...------ - ---------. - -..- , - - - - - -  . - " -,.. .- . . ---  -----.-----...-..--------- .. -.-.- --...----..------- - .-------- ---- 

FF' f:, f< M f:- 1 F TF' F'l' M 1 AT 
( P S I A )  (F 'SIA)  ( % )  (F 'SIA)  i t i Z ?  (F 'S IA)  ( I l E G  R i  (TIE.(; R )  (DE:G R )  

10 9 3 1  1 1  ,6 462 1 1 . 8  5.r 1. 53 1 531 

MACH # , 4  F'RES R A T  10 c P(:: / F + F : ~  ) = .891! DE:L. F.-F<E:S SAP+-L.E: - 1 + 02 
W l '  FLOW-(LEM/SEC) t TI!REINE: = 6 * ~!000Qf:-03 -- WETF.R 5; 6 t8(3000E.--03 

POROSITY-iX) t T ~ I K E I N E  = ,0668 -. ~.-HFTER ::: , 0 3 3 ~  
._ __.__--. C^--I-&...."_ .-.._ ....-..._ _ _  _ ._-.-,." . " ._  _. - _ ________-_.____.__ "..." ..-.--....------- - ---- ----- ".. 
"-----I I----I--- _, . .  -.--....---- _ _ _ _ _  -..____ I-----...----- I----- 



RTR 035-1 

A P P E N O I X  B 

TRANSIENT DATA FOR SRB CURTAIN TESTS 



TITLE:10/13\7H RUN #1 DELTA P = 4 PSI4 

TIME 
( SEC 
0 
* 9 
1.8 
2t6 
3t3 
4t4 
5*3 
6. 1 
7 
7r9 
8.8 
10.5 
12*3 
14 
15.8 
17.6 
21.1 
26 3 
3% 1 
43.9 
52.7 
57tl 
10S4 
146.6 

F'LENllH CONrlI T IONS 
PRESS TEHF' 
( HHtiG ( D E G  F )  
50 e 5 663.4 
218t9 244.1 
218.9 308 
308 FZ 349.7 
229 382 e 2 
242.4 40% 4 
259 e 3 428t4 
262 6 446.9 
262t6 460.7 
259.3 469.8 
359 t 3 474t4 
366 483 t 5 
266 492 4 6 
269 t 4 497t1 
269 t 4 505 12 
269 * 4 51017 
269 14 K . 8 )  

.J,: 4 . 3 
272 t 7 C'- " 

..a 3 7 t 8 
272 t 7 c? c- .#dl * 2 
272 t 7 '564 6 7 
372.7 573 e 6 
272 7 582 t t, 
276t1 618.2 
279,s 631 t5 



~ ] i 4 , ~ ~ ~ ~ ~ \  i.;:q $.y:t :;:f:"::[ c t  -;! i::;:L 4 . j  
d .- .. -I -. 

- I 
: I OHL(;WAL PAGE Ib or POOR QUALITY 

: 1 TITLE:10/13\78 RUN 41 DELTA P = 4 psIn 

TEST SnErPLO ~ ( 1 s  A 

'I 'r THE TC #A1 Ti: # A 2  1'C $ A 3  
(SEC (DEG F )  (I'rEG F 1 (DEG F )  
0 1 SO 176 158+5' 

I * ?  150 176 358*9 
181 * 1 661 I76 1S8.F 

7 20'1 e 8 176 l58*5' 

i 
7 * P 243 0 4 176 158,~ 
8 6 8 279.8 176 155*9 
907 307 + 2 17A 158.9 
10.5 330 + 2 176 1.58*9 

I 353 * 3 176 158,V 11*4 
12.3 371 e 8  I76 151,Y 
14 3QY*5 176 158.Y 

418 158.Y 1518 189 .I 16.7 422 , 5 1?3 ,3  15S.V 
427*1 lY7*7 17.6 158. Y 

I 
18*4 431 06 21.0*7 1 9 8 * Y  
19.3 436 6 3 223.8 158+? 
2 0 ~ 2  43CzeC3 241 e 3  158+C 
2101 440.9 256 * 2 151,s 

. C 22.8  445.5 ;) ;? 2 1 158.P 
24 * 6 450 ;303*3 133.3 

454 0 6 172.1 2 5 , s  32182 

I 26e3 459 * 2 3.ZO a :? 181 
28.1 463 + 7 348 * :? 15'8.7 
29e9 468 * 3 366 * 3 - 312 
31.6 

.I[ 
477 3 375*3 2:'s * 3  

33.4 481.5' 388 0 0 238 * 6 
35e 1 490 * 9 402.3 266.5 
38.6 490 + 9 424 * 7 306 * 4 
42.1 495 4 433 9 7 524.7 
4 5 * 7  499 * 9 442 t 7 358 * 5 
49 .2  504 4 455 361 *'5 

4 
52.7 513.5 464 0 9 375' *9 
5 7 * 1  518 464 * Y 3 9 8 . 3  

1 - 61.5 518 473, Fl 4 1 2 
105 4 549 0 3 531 484 * 8 
146e6 571 06 r Y t30:? 4 7 r i c -  

? 

- 

: U 
14 11 1 ,A 

.% 
1- , 
;- 

,..: i 
i 

I . - --.- r 



TITLE:10/13\70 RUN #1 rlELTA P = 4 PSIA 

'l' ItiE 
( SEC 
0 
9 
1.8 
2 6 
3*5 
4*4 
C 
.# * 3 
6.1 
7 
7 * 9  
8.8 
9 * 7  
1015 
12.3 
14 
15.8 
1 7 . L  
19.3 
21.1 
22.8 
24 * 6 
26.3 
20. 1 
29*9 
31.6 
33.4 
35. 1 
38.6 
42. 1 
45.7 
49+2 
52.7  
61.5 
105.4 
146+6 

TEST SAMPLE F'OS E 
TC #B1 TC #E2 
( D E G  F )  (DEG F 
150 158.7 
150 158+7 
171.6 155.7 
206 1 158.7 
240.8 158.7 
271 * 5  158.7 
298.1 180.2 
333 8 201.8 
351 * 7 223 * 4 
378 6 245.2 
396 6 6 :?64+3 
414.5 280 4 
423 * 4 302 
436.7 338.2 
445.6 365 2 
454.5 315t1 
463 * 4 392 + 1 
472.2 401*1 
481 414.3 
489 8 432 . 2 
498,s 441.2 
502 . 4' 450.1 
502 * 9 4 S 3  * 4 
507 + 3 467 * 0 
511e7 467.8 
5 1s 472 * 2 
L i,4*8 -I 4 ' 6  * 6 
524 e 8 494 * 1 
527.1 44'8 * 5 
525'. 1 507 13 
533.5 511.7 
533 1 5 516 
537 * €3 516 
587 17 568 * 2 
602.4 589 7 



TEST SAflF'L.E POS C 
'rIHE TC #C1 TC 9C2 
(SEC) (DEG F )  (DEG F )  
0 150 150 

I e 9  150 150 
1 * 8  165*8  150 
2*6 193t3 150 



T1TLE:DATE 10\13\78 RUN 82 DELTA P=4 P S I 9  

PL.ENUH CONDIT TIINS 
PRESS TEMP 
( MHIIC; ) t KIEG F') 
40 4 158.9 
208 8 23;O * 1 
208 e 8 302 * 6 
222 2 362,s 
252 * 5 3Y?t5  
262 e 6 431 +C.  
245  * 13 4 5 9 t 2  
7 r:. -) L- 
+ = J & r  J 472.8 
245 * 8 477*3  
235'6' 45'1 $ 9  
255 9 490 e 9 
262 6 4 5 ' 9 b 9  
259 * 3 5 0 4  t 4 
266 509 
276e1 52215 
282 * 8 cc) dL7 
?79 5 535 * 9 
276,1 f:i71 * 4 
376.1 t.- - V d . 3 . ~  * 9 
27(\*1 5 4 4 t 8  
??ha1 59418  
2 ? 6 * 1  55 J * 8 
~ 7 2 ~ 7  t:c. .l..i8 t 3 
266 cr t- 

. I , # € ?  * 3 
259 0 :J 567 * 2 
259 3 557 2 
269 14 6 2 9 . 2  
269 + 4 65 1 t 3 



ORIGINAL PAGE lb 
OF POOR QUALITY 

TEST SnMPLE PQS A 
TC #A1 TC $A2 
( K E G  F )  (PEG F )  

163+4 1 SO 
163+4 i 50 
176t7 150 
207 * 8 150 
243-6 150 
267 154*3 
298*1  154*3  
325 e 6 154+3 
344 154.3 
371 6 8  154*3  
390 * 3 158*7  
399 6 5 16744 
404 + 1 176 
413*3 189 
42741 l 9 7 + 7  
43643 206 + 4  
440*9  228 + 2 
44545 241 * 3  
445,s ?61*3  
459*2  289 * Y 
468 + 3 321*2  
477*3 339 4 2 
481a9 366 * 3  
490 * Y 379 El 
490 0 5' 393 * 3 
495*4 41548 
490 6 9 420 + 3 
495*4 433 * 7 
499 + 9  442 9 7 
% 3 * 5  464 * 9  
527 478 * 2 
527 482 * 6  
527 491 e 5 
527 504 * 7 
527 509 * 1 
re .SJJ * 8 544 * 1 
580*5  570 t 2 



T1TLE:UATE 10\13\78 R U N  #2 DELTA F=4 FSIA 

TIME 
(SEC) 
I) 

. * 9  
l r 8  
2 t 8  
317 
496 
5 .5  
(5.4 
7 t 3  
8 t 3  
9 r 2  
10.  1 
11 
1 1 t 9  
3 2 .8  
13tE) 
14.7  
15.6 
16 .5  
1 7 t 4  
18 .3  
2 0 t 2  
22 
2 3 t 8  
3 5 t 7  
2 7 t 5  
2 9 t 3  
51  t 2  
3 3  
3418 
E6t7 
4 0 * 3  
44 
4 7 t 7  
51.4  
F C 
JJ 

5 9 . 6  
(54t2 
110 
IW*:! 

TEST SRHPL.E F'QS P 
7'C #El TC tP2 
(DEG F )  (DEG F )  

162.7 154.3 
162 t7  154 * 3 
188 158.5 
217t7  167 
258 t 5 1 7 9 t 7  
303t8  196.7 
338 * 7 209rtJ 
369 a 5 230 * 9 
391 t"J 253 t 3 
404 t 7 269 t 7  
417 t8  :?82 t 7 
426r5 295 t8  
435 t 2 313.3 
444 330 9 
448.4 344 t2  
4'57 361.8 
465t7  37'5 t 1 
470 384 
474 t 4 401 r 6  
478r7 41014 
487 t3  429.2 
487 t3  432.3 
487 + 3 949.9 
491 t 6  46743 
500 + 2 471t7  
508 + 7 471.7 
508 t 7  476 
51 3 480 * 4 
n 7 * 3  493 * 3 
513 4 9 3 + 3  
5 1 7 t 3  497 . 6 
521+t? 506 t 3 
5 1 7 t 3  514.9 
L- C) L" 
J L J ~ ~  919 t2  
542 t 9 5 1 9 t 2  
547t 1 527 t8  
547*  1 536 * 3 
5 4 7 t 1  596 t 3 
W8 1 583 t 2 
60:'tI 604 t 4 



1 
I 

ORIGINAL PAGE I t  
OF POOR QUAIJm 

TITL-€:DATE 10\13\78 RlJN 4::' REL..TA P=4 P S I A  

'r I HE 
(SEC) 
0 . 9 
1 t8 
2t8 
3t7 
466 
545 
664 
7t3 
8 * 3 
9*2 
sot1 
1 1  
llt9 
12t8 
13t8 
14t7 
15t6 
16,s 
17.4 
1.8.3 
30 e 2 
2 2 
23*8 
2% 7 
27.15 
2913 
31 t2 
33 
34t8 
3667 
40t3 
44 
47*7 
C'C 
..I 4 

59t6 
64t2 
110 
15242 

TEST S4HF'L.E F'OS C 
TC #C1 T'C 9C2 
( L E G  F )  (DEG F ' )  
173t7 150 
17'7.6 1 SO 
197 t3 150 
217t1 150 
244tY 1 5 4  
272 + 9 170t2 
293 t 1 1Y4t3 
313t4 1!18t6 
333 * 9 243 
350 t 3 264 + 9 
370 7 284 t 1 
383 t 1. 309 
3YrJt4 317.3 
407.6 334 
415 t8 350 + 0 
423 Y 36.3 I 4 
432 384 + 4 
436 t 1 401 6 1 
444 * 3 413 06 
448+3 434t4 
452 * 4 438 * 6 
454 * 4 451 t 1 
464t5 471 t8 
468t5 486t2 
476.6 508 t 7 
476.6 5314 t 1 
4f34t6 545t3 
496t6 549 t 3 
500th ec - ,).I / t 5 
504 + 6 561 t5 
516t6 561 t3 
520 t 6 561 t 5 
520t6 :;A1 t 5 
516t6 C '  .lo 1 t 5 
524 * A  561 05 
532 * 6 575 t 6 
532t6 ' 573 t 1 
568 t 2 609 t 9 
576 t 1 650 



.-qI.*q';iy":<l"' l c ' - , y  1 :  i l  ~'"~""t"ii'.~+ . , . t f '" '> , I \ , ;  ';e:\?,-,;.i*;!-,\~~~'> ,t7.:,:"[ 
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TITLE:BATE 10/13/78 KllN #;3 IIELTA p = 2 p s j ~  I 
1 .  
, . 

PLENUM CONDITIONS m ' 

T I H E  F'XESS TEMF:' 
( SE:C ( MHHG ) (TIEX F ' )  
0 151 t5  104 t4  
t Y  235 t7  239 t 1 I 4  1 tF3 :.? 2 2 . 2 307 a 2 
248 229 362 t 1"; 
3c7 24264 404 t 1 

11 ; 
I d  4 t 6  

259 , 3 44St5 1 1  i 
5 t 5 26,6 481 +5' 
64 4 266 504 . 4 i :  .. 

/ ;  - '  3 4 7.3 25 1,3 522 , :; ? 
8 t 3  

ir 25Y.3 535 t 5' f 
9 t 2 259,;Z !144 + o 
1 1 262 t 6 c . i ,~8  c t 3 1 

1 2 t 8  262 t 6 9 6 2 . 7  4 
14 , 7 2 6 ~ ~ 6  ~ 7 4 ~ 1  r l  ; 

1Pt3  262 t 6 5Y3t8 5 '  - i 1 
22 262 t 6 A 1 1  t 6  
2: t 7 :?62 ,  C\ A16 : r  : 
5 1. t 2 ;!62 t 6 6 2 9 * 2  
3 6 t 7  :?62+6 646 t 9 2 ,  1 
5 1  t 4  262 t 1 664 t '; i a / 

6 4 t 2  262 t 6 668 t 9 
I 4 .  

110 
, 

?52 t f s  70t4 45 1 .  

176.1 . ) r e )  
i .! L. 1 5 7'43 * j ; ,  

e ';I ' 1  ; 1 :  3 . g : I\: 
Z 1 :. i ' i 

i 1 

13 
, tl L 

t 
* ,  \ 

1! 2 I 

'I] 
a-;. 

- 'N . , 

; i 
1 . 

e - ' I  i 

.T7--w11,_1_, - ------ 

% L .  F I 



. 1 ' .  

ORIGINAL PAGE Ib 
TITLEtDATE 10/13/78 RUN #3 DELTA P = 2 PSIA OF POOR QUALITY 

TEST SANPL.E POS A 
T C  #A1 TC # A 2  
( D E G  F ?  (DFG F )  
176.5 185' 
176.5 189 
176*5 109 
189.0 189 
220 + 8 I. 89 
243. ! 189 
266 6 5 189 
288.2 1. 89 
31 1 139 
329 3 189 
343. 1 189 
370.7 1. 89 
384 5 189 
398 3 183 
412 189 
425.7 189 
430.2 1559 
444 189 
457 6  202 
462 * 2 210.7 
471.2 219.4 
480.3 278 + 2 
484.8 232.5 
45'3 • 7 241.3 
498 + 2 r )  cr ,:. a6 2 
502 * 7 268 * 2 
516+2 25515 
520 * 7 303 * 3 
cc)c 
J L ~  e 1 325.7 
529 * 6 352 1 7 
538 5 375.3 
5 4 3  388 . 8 
CV sa1.8 42!@ * 3 
1550 * 7 93317 
560.7 456 
560 * 7 4 6 4  9 
587 * 3 517.7 
631318 59119 



'f IhE 
(SEC)  
0 
.? 
1 a 8  
2 8 
3 . 7  
4 . 6  
3 * 5 

7 .5  
8 . 3  
V.? 
1 1  
12.8 
1 4 . 7  
1 6 . 5  
18.3 
?0*2 
:> 7 
0. A. 

23 8 
25.7 
27.5 
29.3 
.TI . 2 
33 
34.9  
35.7 
4 0 . 3  
4 4  
4 7 . 7  
51 04 
5s 
59 t 6 
6 4 . 2  
110 
1 7 & .  1 

TEST S A W 1  F' F'\!S F3 
TC # P I  1 C  in:_) 
( I j t G  F'Z (DEG F )  

17fr.9 17??.4 
1 ?8 9 1 7 9 . 4  
191',.4 1 7 9 . 4  
:!I 2 1 7 9 . 4  
1'32.7 X7v.4 
2 4 5 .  :! 1 7 P . 4  
26 7 1 7 9 . 4  
s?:~ . b 1Y;' 
3 4 7 . 1  700 . :I 
:<A4 :) ?4)4 . 7 
402.5 '  ? 2 1 • 
4 2 4 .  ;! .?42. f i  
4 5 4  ?37 
466 0 7 ???El. 6 
4Y90 4 .320 0 3 
4 8 3  6 392 .  1 
4 ~ 6 . 1  :r s .I 
517.1 385. Q 
a,.,) -* -. ... 1 a .> 4 1 Z e  1 
52;  . 4) 4 2 9 . 4  
C ?  5.3 4 3 1 . 2  
s- -$c 
&I. ..I . 4 4!;!~ "; 
533.8 4YbS 0 8 
:;L17.r 46:: b 4 
c ,146. ,' 472 .7  
::I 4 ? . t 40'7' . $t 
c L") .>..It. 0 3 5 0 6  5' 
:;A? * 8 !81504 
S C \ ~ .  Y s?e.? 
56:'. s 5 4 0 ,  Y 
S l : '  . f? :;4? . 3 
' j66 . i '  c c - -  ..I ,J -3 e A 
f i C 9 .  u L1OS . 3 
h:'R, 7 b37.5 



TITLE : DfiTE 

'T IHE 
(SEC) 
0 
* 9 
1.8 
2.8 
3.7 
4.6 
C d.5 
7.3 
9.2 
11 
12.8 
14.7 
16.5 
18.3 
20.2 
22 
23.8 
25.7 
27.5 
29.3 

10/13/78 RUN # 3  J:lEL.TA 

TEST SAHPLE POS C 
T C  #C1 TC #C2 
(DEG F )  ( D E G  F)  
177.6 166e 1 
177.6 166.1 
185.5 166.1 
1Y7*3 166.1 
217e1 16C101 
232.9 1J6,l 
248 e Y 182.3 
281 214.6 
317.5 2L51.A 
354 4 288,2 
379 313.1 
411.7 346,  c5 
436.1 371.8 
444.3 401.1 
460.5 426.1 
472.6 447 
484.6 47188 
500 6 488.2 
508.6 504 6 
512.6 512,8 
516e6 516.8 
520.6 525 
524.6 529.1 
520.6 533.1 
524 6 549.3 
524.5 r.' da1.5 
532,6 569 6 
540.5 577.7 
548*4 577.7 
540 15 597*8 
540+5 597.8 
599.7 673.9 
631.1 701.R 

OmGm~t PAGE 16: 
OF POOR QUALI1'y 



T1TLE:DATA 10/17/78 RUN #1 IIELTA P = 4 P S I A  

TIHE 
( SEC 1 
0 
.9 
1.7 
3.5 
4.4 
5 . 2  
6 .1  
7 
7.9 
8.8 
9.6 
10.5 
11.4 
12.3 
14 
15.8 
17 5 
19.2 
21 
24.5 
26.3 
35 
43.8 
52.5 
61.3 
105 
157.5 



TITLE: DATA 1011 7/78 RlrN # I  ~ F I  

TEST 
TC #At 
(DEG F 
193*3 
206 4 
232.5 
256.2 
307.R 
348*2 
379.8 
425*8 
495*9 
S48*4 
587,S 
530*? 
665 * 2 
6 78 
690*9 
699.5 ' 
712.3 
71696 
720 9 P 
733 * 7 
733.7 
733.7 
733.7 
737.9 
?42,2 
716e5 
7SG,  7 
750 i 
7S5 
801 *8 
75'70 6 

UHIGINAL PAGE 1h3 

) rc * ~ 3  OF POOR QUALITY (DEG F)  



L.J. I - I--.L-..i-- .f 

f 
I 
i T I T L E t D A T A  J0/17/78 RUN 81 DELTA P = 4 P S I A  

k-. TEST SAHPLE PO6 B 

1 'TIWE TC # P I  TC * ~ 2  TC +fr.3 
(SEC (DEG F )  iDEG F )  (ISEG F )  
0 210 17 185.4 1h7.2 

I 9 256 2 189*0 171.5 
1.7 303 3 198.7 17S18 
2.6 357 * 3 203 * 1 184 1 3 

lb 
3 * 5 397.8 22'5 * 3 188 6 
4.4 433 4 7 238.6 205 t 8 
592 469 4 25'1.1 210.1 

500 + 3 6.1 2?4 * 6 21414 

B 7 535 * 4 288 e 2 21117 
7 * 9  544 1 306 4 223.1 
8.8 565 9 320.1 23117 

a 9.6 578.9 347.7 240.4 
10.5 596 2 366.1 245' 1 
11.9 613,s 407 e 4 267 3 

630 7 412 279.7 B 12.3 
131 1 635 134 8 2 9 2  1 9 
14 639 4 457*6 310.6 

d 14.9 643 t 7 480.3 328 6 4 
15.8 648 502 . 7 341 + 7 
17.5 652 3 534 1 357 + 6 

.-:: 19.2 656 6 560 17 35'5 + 3 

if 21 660 9 591.7 4?2 
22.8 669 * 4 613.8 457 1 4 

678 640. J 488t1 24.5 

u' 36.3 686 * 6 657 6 7 51412 
28 (59009 666 * 4 535 a Y 
29.7 695 e 2 (579 * 6 553.1 
31.5 695 2 (588 3 574 1 7 

&, 33.3 695e2 697.1 591.8 
35 695 2 710.2 664 7 
38.5 595 * 2 723 + 2 630 * 3 

5 42 595 2 723.2 655 * 9 
45*5  703 * 8 727 e 6 681.4 
49 708 74017 691 4 
52.5 720 1 9 740 7 711.1 

5 56 9 725.1 740 7 732 t 2 
(51.3 729 * 4 745 740. ? 
105 801 08 797 1 791 * 3  

806 1 8201 1 F 157.5 81213 

B 
I7 
d 
@ - +-y - -  , . z I i 



T1TLE:DATA 10/17/78 RUN 91 DELTA P = 4 P S I A  

TEST SAMPLE PCJS C 
TC tci TC # C 2  
(DEG F )  ( D E G  F )  
229 203 17 
246 r 7 203 7 
273 r 4 203.7 
304.9 217.1 
332.1 339 16 
354 . 8 264 
377 6 289 * 7 
404.9 312.8 
427 5 331.3 
459.1 345 2 
485 e 9 368 5 
508 2 391 * 7  
530 * 3 419.5 
548 442.6 
570 461 
591.8 483 18 
604 * 9 506 5 
626.7 524 * 6 
639 * 8 542.6 
644.1 960 + 6 
652 8 569 6 
661 *5 583 
674 . 5 596 * 4 
678.8 609.7 
683.2 614.2 
691 * 8  632 
7 1 3 . 5  649 7 
717.8 663 
730.7 676 3 
735 685.1 
739.4 694 
748 711.6 
752 * 3 720 * 5 
760.7 746.9 
765 * 2 746.7 
769 9 5 755.7 
767. S 760. 1 
773 * 8 764 * 5 
782 9 4 786 + 4 
786 * 7 790 t 8 
E116.7 834 t 5 



. - . r .g .A+ Xy Apyq "!q ti' ' L"" -.. . 1 

7ITLE:DATA 10/17/78 RUN #2 WLTA P = 

PLENUH CONDITIONS 
TIME PRESS TFHF' 
( SEC (HHHG (DEG F') 
0 81.3 411.3 
* 9  

. 1.7 
315.2 596 2 
298 2 678 

2.6 284 r 7 716*6 
3 * 5  26 1 742.2 
4.4 250o,8 755 
5 * 2  261 763 + 5 
6.1 284.7 772 
7 298 2 780.6 
7.9 291.5 78961 
8.8 284 7 7?7*CI 
10.5 291.5 801.8 
12.3 294 8 810.3 

4 PFIA 



- * a P u l d . . - l d . ~  JI..t. l . -b .-_-22l..?i... . J,LLd& . 4 ' 4  . ri .a " II* 

;"1 
4 
(I) 

T1TLE:DATA 1 0 / 1 7 / 7 8  RUN $2 DELTA P = 4 P S I A  

TEST SAHPLE F'OS A 

J ONGINAL PA@* 16 'T'IHE TC #A1 TC $A2 TC $A3 
(SEC (IIEG F )  (XIEG F )  (DEG F )  OF P o R  sum 
0 1 9 3 * 3  1 9 3 + 3  1 6 7 * 2  



T1TLE:DATA 30/17/78 RUN #2 DEL.TA P = 4 P S I A  

TEST SAHF'L.E F'OS W 
T IME TC #It1 TC 482 TC: tE3 
(SEC) (DEG F )  (DEG F') (DEG F )  
0 225 3 19363 192.9 
* 9 266 + 5 193e3 1Y2*9 
i.7 361.5 193 * 3 192*9 

430*2 192.9 2 6 228 a 2 
3 * 5  471e2 250 * 1 192,Y 
4*4 507.2 261*3 192s9 

543 5.2 272*1 192*9 
6.1 969 t 6 294 4 205 + 8 
7 396.1 315*7 214+4 
7.9 622,s 3 3 9 . 2  231.7 
8 - 8  649.1 361+8 24044 
9 16 666 * 4 388 * 8 ?44 7 
10,s 688 * 3 411~3 263 e 8 
12*3 710.2 460 5 284.1 
14 727.6 500 3 319.5 I'- 

539.7 346 * 2 
1- : 

15*8 732 I ,; 

i7*5 740 7 565 9 373 i s  

1,942 749 * 4 591*9 408 + 7 ! .  
I t . ,  

753.7 009+2 439e7 . . :! 1 5 .  
-f ! 

2 2 + 8  758 * 1 630 * 7 479*3 
24 5 762 e 4 552*3 505 + 5 
26 * 3 771 + 1 560 * 9 522+P 

4, f r l  
.jir 

28 77'3 + 4 673*7 544 a 5 
31 * 5  779 8 678 579 
35 784 e 1 69OaY 405' 
38,s 788 + 5 708 634 . 6 
42 797 * 1 716.6 664 * 4 
45,s @Ole5 7?9 4 687 * 9 :: 

49 805 * 8 733 * 7 698.4 im .i 
52,s 805 8 745 * 5 715*3 
5609 810*1 759 • 3 728 
61 * 3  810t 1 763 * 5 740 + 7 

1 .  
105 849 * 1 806 * 1 808 e 1 
15795 849.1 831*5 85Q* 1 



T1TLE:DATA 10/17/70 RUN C 2  DEL.TA P = 4 PSIA 

TEST SAMPLE. F'08 C 
'r IHE TC #CI TC ec2 IC: ~ C J  ORIGINAL P A ~ E  18 
(SEC) (DEG F )  (DEG F )  '"'0 F ) OF POOR QLTALI~Y 
0 21547 203 * 7 17644 
* 9 229 203 * 7 37644 
167 262t1 L! 1 2? * 6 176*4 
266 300 * 4 2:) 1 * 6 176*4 
3,s 350 4 3 244 * 1 18512 
464 391 * 3 260 * 4 189*6  
C 427 5 289 * 7 198.4 ,) 2 
d * l  454*6 317*4 20742 
7 48145 349+? 220 4 5 
7*9 51266 377*8 233 8 
8 8 539 2 405 + C\ 258 + 4 
9 6 6 565 * 6 438 278 + 5 
1015 SYl tl 470*1 301 4 1 
11*4 613.7 492 Y 323 t 9 
12e3 631 * 1 S1Seb 346* 7 
13e 1 648 4 5 SJ8*1 374 2 
14 611 * S  560 6 39;' 
14+9 674 * 5 578.5 41s'*Y 
1fe8 687 5 596 4 438 
1646 700 5 609 7 4Yi6 1 
17.5 704 4 8 623 * 1 474*2 

717*8 510 1912 645.3 
2 1 726 * 4 66 3 53646 
72.8 735 683 t 1 554 * 3 

748 6Yf3.4 5S0 8 24 * 5  
26 3 752 3 711*6 594 
28 760 * Y '724,Y 607 t 1 
29 17 769 5 742 * 5 62043 
3145 782 + 4 746 t 9 62Y 
35 79 1 746 + 9 642 1 2 

791 68144 45 * 5 786 4 
52+9 812*4 808 + 3 711*8 
56*9 82 1 fl1. 7) * 1 711t8 
b l * J  833 * Y F317e1 71642 
105 868 1 06Ya5 776 + 8 

904 4 4 785' 17 157e5 906 + 5 



,r7 L..?J \; , *: -, 

-,-- . - - 

P 
1 
I 'I'1TLE:DATA 10/17/7R RllN f 3  DELTA F - 4 PSI@ 

i F'l-ENUH CONIIT T J (INS 
TIME PRESS l'EHFi' 
( SEC) (MMHG ) (I'IEQ F ' )  
O 47a4 43842 

J + 9 176e2 548*4  
1 * 7  284 * 7 bY0.9 
2+6 250 8 746 * 5 

J 3.4  306 + 7 759 * 3 
4 * 3  203 * 3 772 
5.1 21645' 784. F) 

6 23742 80h4 1 a 818.8 6 e 8 250 + 8 
7 .7  253 + 6 831,s 
8*!5 274 * 5  R40 

# 1012 26 1 852 4 7 
11.9 26 1 856 * 9 
13t6  26 1 861*3 
17 86Y 17 

1 
267.7 

25.5 284 * 7 882 + 4 
34 284 * 7 8 Y Y  I 3 

0 
4 2 * 5  384 4 7 Yc)3,5 
51 2 8 i t 3  Y11eP 
5915 281*3  924 6 6 
102 284 7 954 * 4 E 144r5 277 * 4' 966 * Y 

f 
e 
D 
il 
a 
flr 
t 

C) 
C--" - 4 1 
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1 
1 * 
I TITL.E:DATA 10/17/78 RUN #3 DE.L..TA F' - 4 F'SIA 

e 
TEST SAMF'L.E F'OS A 

J TC #A1 'TIME TC #A2 T'C #A,5 
(SEC) (DEG F (DEG F )  (DEG F )  
0 288 * 5 315 245, '7 ,.;:::.GmAL PAGE lb 

OF POOR QUALITY J 2 * 6  288 5 315 245 7 
3 * 4  297 3 315 f!45 * 7 
4.3 301*7  3 15 2 5 6 . 2  
5 *  1 306 * 2 315 a f?61 * 3 
6 319,s 315 ah4 * 7 
(5t8 346 + 2 3 15 268 t 2 
7 * 7  377 6 5 315 268+2  

4 P 1 5 422 315 272 * 1. 
9 13 466*2  315 3 7 2 * 1  
1012 505 * 5 315 27291 

4 1149 553*1  315 272.1 
13*6  600 * 4 3 15 976 * 6 
1 5 * 3  638 * 8 3 15 276 *ti 
17 664 + 4 3 1 S 281 1 l e e 7  685 e 6 315 281 
20e4 719*3  328 + 4 281 

736 e '5 335 , 5 

B 
2 2 * 1  355 * 1. 
2348 749*1  377 * 5 ?85,5 
2515 764 4134 1 289 + 9 

G; 2792 778 0 6 439*7  289 + 9 

ll 28e9 791 + 3 466 a d 289 + 9 
34 808.1 533*1  312*2  
44*2  812*3  647*4  424 + 7 

i 45*9  81.6 5 664e4 438 * 2 
4746 816+5 706 * 8 456 
5 1  820*7  749 4 1 491 * 5  
59 * 5 850 * 1 782 * 9 565 * 9 
102 858 * 5 833 * 3 686 + 6 I 144*5  862 + 7 862 e 7 699 * 5 

8 
4 

1 

" fl 
II 
a 



* ., 

;I 
I 
8 
I T1TLE:DATA 10/17/78 RIIN 1.3 J:IE:L.TA F' - 4  F ' S I A  

$9 TEST SAYF'LE F'OS R 

J T I H E  TC #B1 T C  #F2 T C  # E J  
( SEC) (DElG F )  (DEG F )  ( I I E G  f: ) 

0 303 t 3 Y-ii)+z 277t8  

J r 9  312+2 :?YO t 3 277 I€? 

1 t 7  357 t 3 ?a3 I 4  277.8 
266 424 + 7  296 t 6 r'77 + 8 
3 t 4  469 t 4 314t2 

" 'I 
+ fJ 

1 
.: r 

4 + 3  513*5  340 * ;' 27.j' 8 
363 C )  .. 

S t 1  552 8  2./7.8 
6 5~33. ;) 1, * ,:? 

* 5 

4 6 t 8  600 t 5 407 *, 3  290 + 8 
7 t 7  622*1  4:!? * 3 290 + 8 
8 * 5 643t7 447 t 1 399 t 6 

4 9 t 3  656 * 6 464 . 6 317 
l o t 2  682 + 3 482 3.30 + :' 

1 1 t 9  708 512t4 3Ci 1 
13*6 720 + Y 546t8 383 

1 1513 73/95' 576 t 8 Svl+S 
17 750 t 7  602.4 40Y. 3 

- 1 
1 8 + 7  75'3 + 3 Cil9t4 4,51+1 
,:' O 4 4  7-72 645'*2 452 
22.1 784 t 8 6bbe 1 4/'4 t ;' 

h91t4 4Yh,L' 

I 
23 t8  793*3  

716.7 25tS 797t6 '513 + 4 
3 0 t 6  814*6 767.2 '55'4 + 1 
34 827 * 3 7k38 1 1 623 t 7 L 

@ 4265 €3 z? 7 6 3 788 t 1 7:)o , I 

. B 51 827 + 3 807 770 
59e5 827 + Y 830 790 t 8 
102 H 4 8 t 5  850 * 8 036 1 3  b 

144e3 €382 t 4  871t7 8 Cr 5; + 3 

. 4 ' 



T1TLE:DATA 10i17:*'?6 RUN $3 DF1..7A F' - 4 F ' S f t l  

'r I H E  
( SEC ) 
0 
1 t 7  
2 t6  
3 * 4 
4 t 3  
5 . 1  
6 
6 . 8  
8 t 5  
10 2 

. 11.9 
13 .6  
15.3 
17 
22.1 
25.5 
3 4 
42t5 
C 
-1 1 
59.5 
102 
l44 t5  

TE'SI SAHP1.E' F'OS C 
TC #i:l l'r #I:? 
(CIEG F:') c 11Eti F ) 

288 t :' "3tj , 5 
515t6 1!68.5 
347 * ? 282  
,180 6 1 305'. Q 

475.7  -<I?*?  
4&6,7 3 4 2 . 6  
4'23.7 3 -,' 0 , E: 
51s, I' -ssp , 7 
li 74 4 4 5 + 1  
613,r\ 4'7; c.. + c- -.I 

6 4 1 . 5 -  c;;,< 7 , ;> 
A/'>, ;7 574 
L.Y?tI 6 ; ~  1 
PId.3 6 : ) ~  
7 7 1  1 &77 * j 
~ 3 1  .r -y-)O :. , 4 
ki36 , 1 :iu$, 

86C. . -1 Sly1 1 
973.5 8 4 6  
888 !:a Q , 3 
CC??, 5 8 3 1 . .? 
Y??, 4 0,' /: , g 
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