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ABSTRACT 

The f low c h a r a c t e r i s t i c s  of  t h e  h o t ,  h i g h - p r e s s u r e  p r o d u c t s  of a  
methane-oxygen combustion e x h a u s t i n g  from a  l a r g e ,  s p h e r i c a l ,  underground 
c a v i t y  through a  112-mile- long h o l e  were c a l c u l a t e d .  The r e s u l t s  a r e  
p r e s e n t e d  i n  t a b u l a r  form. 



Summary 

A numer i ca l  s o l u t i o n  of t h e  f l o w  c h a r a c t e r i s t i c s  o f  a  p a r t i c u l a r  

h igh -en tha lpy  g a s  v e n t i n g  from a  110-foot -d iameter  s u b t e r r a n e a n  c a v i t y  

was o b t a i n e d .  The v e n t  was assumed t o  b e  a  s t e e l - l i n e d ,  v e r t i c a l ,  
112-mile- long h o l e ,  i n i t i a l l y  9 i n c h e s  i n  d i ame te r .  The c a l c u l a t i o n s  

assumed an i d e a l  g a s  and inc luded  w a l l  f r i c t i o n  a s  w e l l  a s  h e a t  t r a n s -  

f e r  t o  and a b l a t i o n  of  t h e  v e n t  w a l l s .  These c a l c u l a t i o n s  were made 

u s i n g  t h e  one d imens iona l  q u a s i - s t a t i c  e q u a t i o n s  of t h e  c o n s e r v a t i o n  

of  energy ,  mass,  and momentum. The r e s u l t s  i n d i c a t e  a  mass f l o w  r a t e  

which grows r a p i d l y  w i t h  t i m e  because  of  t h e  sudden m e l t i n g  and sub-  

s equen t  e r o s i o n  of  t h e  v e n t  w a l l s .  
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LIST OF SYMBOLS 

pipe cross-sect ional  a r e a  

~ p w  (.-ion - TJ 
wal l  

s p e c i f i c  heat  of t h e  gas a t  constant pressure  

s p e c i f i c  heat  of t h e  wa l l  ma te r i a l  a t  constant 

pressure 

s p e c i f i c  heat  of t h e  ground 

hydraulic  diameter of t h e  pipe (= r )  

f r i c t i o n  f a c t o r  

accelera t ion  due t o  g rav i ty  

convective heat  t r a n s f e r  coe f f i c i en t  

mechanical equivalent  t o  hea t  

thermal conductivity of  t h e  ground ( s a l t )  

Mach nmber  a t  t h e  pipe i n l e t  

mass flow r a t e  

gas pressure i n  the  pipe 

gas pressure a t  t h e  pipe i n l e t  

P rand t l  number of t h e  gas 

heat  added t o  t h e  gas 

pipe inner  radius  

i n i t i a l  w a l l  thickness of t h e  i r o n  tube 

gas constant f o r  t h e  given gas composition 

universa l  gas constant 

l b s  /sec m 

l b s / f t 2  

l b s  / f t  
2 

l b s - f t  /lbm-O~-mol w t  



Re Reynolds number based on pipe diameter 

T gas temperature i n  t h e  pipe 

T ambient temperature of t h e  ground 
g 

Ti 
gas temperature at the  pipe i n l e t  

T pipe wa l l  temperature 
W 

Tfusion melting temperature of t h e  wal l  mater ia l  
wa l l  

 us ion 
heat of fusion of t h e  wa l l  mater ia l  

wa l l  

v gas veloci ty  

vs 
volume of t h e  sphere 

x d is tance  up the  pipe 

a thermal d i f f u s i v i t y  of the  ground 
g 

fi ad iaba t i ca l ly  expanding gas constant 

Y r a t i o  of s p e c i f i c  heats  

u gas dynamic v i scos i ty  

P gas densi ty i n  t h e  pipe 

gas densi ty a t  t h e  pipe i n l e t  

P, 
density of wal l  mater ia l  



VENTING OF A HIGH-ENTHALPY GAS FROM AN 
UNDERGROUND CAVITY THROUGH A VERTICAL HOLE 

ONE-HALF MILE LONG 

Introduction 

I n  connection with a t e s t - s i t e  s a f e t y  quest ion,  t h e  following problem 

was presented. 

Consider a spher ica l  cavi ty ,  110 f e e t  i n  diameter,  t o  be located  i n  a 

sodium chlor ide  (salt) bed extending t o  the  ground surface .  The sphere i s  

connected with t h e  ground surface  by a v e r t i c a l  c i r c u l a r  hole  2660 f e e t  

long. Assume t h a t  the  hole i s  l i n e d  with an i ron  tube of 9-inch ins ide  and 

11-inch outside diameter. The bottom 10 f e e t  of t h e  hole (p ipe )  i s  plugged. 

The spher ica l  cavity i s  f i l l e d  with a gas whose composition, temperature, 

pressure,  and mass a r e  given. The question t o  be answered i s :  "If t h e  

plug i s  assumed t o  disappear, what w i l l  be t h e  mass flow r a t e ,  gas ve loc i ty ,  

and gas temperature a t  the  exhaust end of t h e  pipe a t  the  ground surface  as 

a function of time?" 

The geometry of t h e  problem i s  shown i n  Figure 1. 

Gas Conditions 

Spec i f i ca l ly ,  two cases were t o  be considered. These were: 

Case I Case I1 

Pressure 175 atmospheres 490 atmospheres 

Mass 6 
5.715 x l o 5  pounds 1.519 x 10 pounds 

Temperature 2500' Kelvin 2500° Kelvin 



/ GROUND SURFACE 

TUBE 

Figure 1. Vertical sect ion through the spherical cavity and vent 
located i n  a s a l t  bed. 



The mass i s  considered t h e  most r e l i a b l e  and t h e  temperature t h e  l e a s t  

r e l i a b l e  f igure .  I n  both cases,  t h e  gas composition was assumed t o  be:  

Constituent Weight % Consti tuent  Weight % 

On examining t h e  thermodynamic r e l a t i o n s  f o r  t h e  various cons t i tuen t s ,  

it was not iced  t h a t  t h e r e  should be no marked d i s soc ia t ion  o r  high-pressure 

devia t ion  from t h e  i d e a l  gas r e l a t ionsh ips .  Therefore, f o r  t h e  purposes of 

analys is ,  t h e  gas composition was considered as  f ixed  and t o  obey t h e  equation 

of s t a t e ,  

where 

p = pressure ,  

p = dens i ty ,  

T = temperature, and 

R = gas constant f o r  t h e  s t a t e d  gas composition. 

The mean value of R ca l cu la t ed  from equation (1) and t h e  given condi- 

t i o n s  i n  t h e  cavi ty  i s  101.629 ( l b s - f t / l b  - O R ) .  Associated with t h i s  i s  a m 

mean value of C of 0.5369 ( B T U / ~ ~  -OR) and a y of  1.40. A s  i s  shown i n  t h e  
P m 

appendix, t h i s  value of R implies  a r a t h e r  l a r g e  (0.27) mole f r a c t i o n  of atomic 

hydrogen. Therefore, a second gas composition was considered i n  which t h e r e  



was no atomic hydrogen. The corresponding values of R, C and y are  75.873 
P '  

0 ( l b s - f t / l b  - O R ) ,  0.6111 ( B T U / ~ ~ ~ -  R )  and 1.30, respect ive ly .  Since t h e r e  was 
m 

no ava i l ab le  means of deciding which s e t  of constants  t o  use i n  t h e  following 

ca lcu la t ions ,  both  cases were t r e a t e d .  

Governing Equations 

Spher ica l  Cavity 

If t h e  gas i n  t h e  cavi ty  i s  assumed t o  expand a d i a b a t i c a l l y ,  and using 

t h e  subsc r ip t  "s" t o  denote conditions i n s i d e  t h e  sphe r i ca l  cavi ty ,  

pspSY = = B ( a  cons tant )  , 

s o  t h a t  

The mass flow r a t e ,  k, out of t h e  sphere i s  

where V i s  t h e  volume of t h e  cavi ty  and t i s  t ime. This mass flow r a t e ,  
S 

which va r i e s  with t ime,  i s  a l s o  t h e  mass flow r a t e  of t h e  gas enter ing  t h e  

bottom end of t h e  pipe.  



Ver t i ca l  Pipe 

The equations governing the  flow i n  t h e  v e r t i c a l  pipe a re  t h e  equations 

of energy, momentum, and mass balance, and of t h e  associated i n i t i a l  and 

boundary conditions. The equations o f  energy, momentum, and mass are :  

- % + C  - dT + - - + - =  1 d(vL)  1 
dx p d x  2Jg dx J 0 , ( energy ) 

2 
&+f E L + E + E L ~ ~ = O ,  
dx DH RT 2g RT RTg dx 

(manentun) 

d - ( p v ~ )  = 0 , 
dx 

(mass ) 

where 

= heat added t o  a pound of t h e  gas while t r ave l ing  the  distance dx, 
dx 

C = s p e c i f i c  heat of t h e  gas, 
P 

A = cross-sect ional  a rea  of t h e  p ipe ,  

J = the  mechanical equivalent of hea t ,  

g = accelerat ion due t o  g rav i ty ,  

v = veloci ty  of t h e  gas, 

f = f r i c t i o n  f a c t o r ,  

DH = hydraulic diameter of t h e  pipe,  a n d  

x = distance up the  pipe. 

Equation ( 7 ) ,  as wr i t t en  here ,  implies a quas i - s t a t i c  s i t u a t i o n  by requir ing 

t h a t  t h e  m a s s  flow r a t e  a t  any i n s t a n t  of time be the  same a t  a l l  points  



along t h e  p ipe .  This mass flow r a t e  out of t h e  p ipe  i s  r e l a t e d  t o  t h e  mass 

flow r a t e  out o f  t h e  sphere by 

It i s  poss ib l e  t o  w r i t e  t h e  r a t e  at which hea t  i s  l o s t  by t h e  gas t o  

t h e  p ipe  w a l l  as  

where 

T = t h e  w a l l  temperature,  
W 

r = t h e  p ipe  r ad ius ,  and 

h = t h e  connective hea t - t r ans fe r  c o e f f i c i e n t .  
C 

The hea t - t ransf  e r  c o e f f i c i e n t  can be  w r i t t e n  as  

where 

Re = t h e  gas Reynolds number based on p ipe  diameter,  and 

P r  = t h e  gas P r a n d t l  number. 

The f r i c t i o n  f a c t o r ,  f ,  depends very s t rong ly  on t h e  p ipe  wa l l  roughness. 

Since it i s  not  known how t h e  su r f ace  w i l l  behave, ca l cu la t ions  were made 

f o r  both a rough ( f  = 0.75)  and a smooth (f = 0.15)  wa l l .  



The w a l l  temperature, Tw, when T < T 
w fusion' 

i s  obtained from t h e  

d i f f e r e n t i a l  equation wa l l  

where 

A r  = t h e  i n i t i a l  wal l  thickness of t h e  i ron  tube,  

C = t h e  s p e c i f i c  heat  of t h e  w a l l  mater ia l ,  
PW 

K = t h e  thermal conductivity of the  ground, 
g 

Pw 
= t h e  densi ty of t h e  wa l l  mater ia l ,  

T = t h e  i n i t i a l  ground temperature, 
g 

a = t h e  thermal d i f f u s i v i t y  of t h e  ground, and 
g 

Tfusion = t h e  melting temperature of t h e  wa l l  mater ia l .  
w a l l  

If T calcula tes  t o  g r e a t e r  than T 
W 

T i s  t o  be s e t  equal t o  T 
fusion'  w fus ion '  
wa l l  w a l l  

The term h c ( ~  - T represents  t h e  r a t e  a t  which heat  i s  t r ans fe r red  from 
W 

the  gas t o  t h e  i ron  tube,  and assumes t h e  tube i s  isothermal. The second term, 

K ~ ( T ~  - Tg)/m, is  a one-dimensional approximation t o  t h e  r a t e  a t  which 

heat i s  l o s t  by t h e  i ron  tube t o  t h e  ground. 

I f  it i s  assumed t h a t  t h e  radius of t h e  p ipe  i s  allowed t o  increase  as 

a r e s u l t  of the  absorbed h e a t ' s  r a i s ing  t h e  wa l l  temperature t o  t h e  melting 

point  of t h e  w a l l  mater ia l ,  an approximation t o  t h e  recession r a t e  of t h e  

w a l l  can be obtained as follows. 



Assume t h a t  a t  time zero t h e  w a l l  temperature i s  a t  some ambient tem- 

pe ra tu re  below t h e  melting temperature of t h e  wall .  A s  t h e  hot gases pass 

up t h e  pipe, they r a i s e  t h e  temperature of t h e  wal l  t o  i t s  melting temperature. 

The w a l l  remains a t  t h i s  melting temperature while s t i l l  absorbing h e a t ,  u n t i l  

s u f f i c i e n t  heat  has been absorbed t o  melt a l aye r  of t h e  w a l l  sur face .  The 

melted w a l l  ma te r i a l  i s  assumed t o  blow away a t  t h e  i n s t a n t  it i s  melted. 

This process can be represented by 

T < T  
f us ion 
wal l  

IU31' 

wal l  

where Ufusion i s  t h e  heat  of fusion of t h e  wal l  ma te r i a l  and r i s  the  pipe 

wal l  

radius.  I n i t i a l l y ,  'fusion and Tfusion 
are  t h e  values f o r  i ron  and B = 0. 

w a l l  wa l l  

Af ter  t h e  i ron  has eroded away, 'fusion 
and T a r e  changed t o  those 

f us i on 
wal l  wal l  

values f o r  t h e  ground ( s a l t  ) , and B = C (T - T ) .  
pg fusion g 

wa l l  

I n  addi t ion  t o  t h e  conservation of mass, t h e  o ther  boundary conditions 

t h a t  r e l a t e  t h e  output of t h e  sphere and t h e  input  t o  t h e  pipe are  contained 

i n  t h e  equations f o r  i sen t rop ic  flow. These a r e  



and 

where p . ,  T and M. a r e  t h e  pressure ,  temperature, and Mach number, 
1 i, 1 

respect ive ly ,  a t  t h e  point  where t h e  sphere and pipe meet. The mass flow 

r a t e  a t  t h i s  point  i s  given by 

I n  order  t o  keep t h e  problem reasonably simple, it i s  assumed t h a t  t h e  

pipe i n l e t  has been i n i t i a l l y  contoured or  has developed a contour i n  a very 

shor t  t ime,  such t h a t  t h e r e  e x i s t s  no "vena contracta."  Furthermore, i n  t h e  

model used here ,  a l l  " s t a r t  up1' t r a n s i e n t s  a r e  ignored. 

It i s  known t h a t ,  f o r  a s t r a i g h t  pipe with no input  losses ,  any choking 

t h a t  occurs w i l l  occur a t  t h e  p ipe  e x i t .  Although t h e r e  i s  no guarantee 

t h a t  t h i s  s i t u a t i o n  w i l l  be t r u e ,  a s  the  pipe radius  (and the re fo re  t h e  heat  

t r a n s f e r )  va r i e s  with d is tance  up t h e  pipe and with time, it i s  assumed t o  

be  t r u e  f o r  the  sake of t h e  ca lcu la t ions ,  and i s  j u s t i f i e d  by t h e  r e s u l t s  of 

t h e  ca lcula t ions .  Therefore, t h e  boundary conditions a t  t h e  exhaust end of 

t h e  pipe a r e  s e t  by whether t h e r e  is  o r  i s  not choked flow. If t h e  flow i s  

choked, t h e  ve loc i ty  a t  the  e x i t  i s  Mach 1, i. e. , 



I f  t h e  flow i s  not choked, t h e  s t a t i c  pressure i n  the  exhaust stream i s  s e t  

equal  t o  t h e  ambient pressure .  

Method of Solut ion 

Since the  problem given here involved s p e c i f i c  numbers, it appeared 

t h a t  an i t e r a t e d  so lu t ion  was t h e  most p r a c t i c a l .  The procedure was as 

follows. 

The so lu t ion  is  s t a r t e d  by assuming a value f o r  t h e  Mach number a t  the  

input  t o  t h e  pipe.  Values of  pi and T a re  then computed from equations 
i 

(13) and (14) .  p i ,  t h e  dens i ty  a t  the  pipe input ,  i s  computed from 

equation ( 1 ) .  The mass flow r a t e  i s  computed from equation (15) .  

Using these  values as s t a r t i n g  values, equations ( 5 ) ,  ( 6 ) ,  and (71, i n  

conjunction with equations ( a ) ,  (g ) ,  ( l o ) ,  and (ll), are  in teg ra ted  numer- 

i c a l l y  along t h e  pipe from t h e  sphere up t o  t h e  surface  of t h e  ground. The 

output conditions w e  then compared with t h e  pe r t inen t  e x i t  c r i t e r i a  ( ~ a c h  1, 

o r  e x i t  pressure  = ambient and t h e  input  Mach number var ied  u n t i l  

t h e  appropriate e x i t  condition i s  s a t i s f i e d  t o  within 5%.  After  a conver- 

gent (s teady s t a t e )  so lu t ion  has been obtained, it i s  assumed t o  p e r s i s t  f o r  

a s h o r t  per iod  of time. The va r i a t ions  caused by t h e  losses  over t h i s  shor t  

t ime per iod  a r e  then computed and subt rac ted  from t h e  i n i t i a l  input  condi- 

t i o n s .  %is process i s  continued u n t i l  same a r b i t r a r y  cutoff  c r i t e r i o n  i s  

reached. I n  t h e  p a r t i c u l a r  cases a t  hand, t h e  cutoff  was s e t  a t  t h e  point  

where t h e  pressure  i n  t h e  sphere had dropped t o  1% of i t s  i n i t i a l  value. 



Results 

The r e s u l t s  of t h e  present  analys is  consis t  of t h e  computer p r in tou t  f o r  

t h e  e ight  combinations of t h e  input  data  given i n  Table I. The output i s  

l i s t e d  i n  Tables I1 through I X .  This output i s  given i n  two groups of data .  

The f i r s t  group, Set  A of Tables I1 through I X ,  i s  a t abu la t ion  of various 

computed quan t i t i e s  versus time. The second group, Set  B of Tables I1 

through I X ,  i s  a t abu la t ion  of quan t i t i e s  ca lcula ted  as a function of dis-  

tance along t h e  p ipe  a t  se lec ted  times; s p e c i f i c a l l y ,  zero time and then a t  

2-minute in te rva l s .  

The primary purpose i n  presenting .the x-dis t r ibuted da ta  i s  t o  just if 'y  

the  assumption t h a t  choking, i f  it occurs, occurs a t  t h e  ground surface.  

I f  t h i s  assumption had been wrong, t h e r e  would have been a point  i n  t h e  

p ipe ,  somewhere between t h e  sphere and t h e  ground surface ,  where flow would 

exceed Mach 1. None of t h e  da ta  l i s t e d  show t h e  flow t o  be supersonic a t  

any point ;  therefore ,  it i s  concluded t h a t  t h e  assumed boundary condition 

i s  va l id .  

A second reason f o r  giving the  x-dis t r ibuted da ta  i s  t o  show t h a t  t h e  

6 
Reynolds number s t ays  wel l  above 10 over t h e  range of time inves t igated .  

This j u s t i f i e s  t h e  use of a s ing le  number f o r  t h e  f r i c t i o n  f a c t o r ,  f ,  although 

the  exact value of f may be somewhat a r b i t r a r y .  

Several exploratory computer runs were made, which a re  not l i s t e d  he re ,  

using d i f fe ren t  values of time and dis tance  increments i n  order t o  determine 

values which would keep t h e  computation time wi th in  p r a c t i c a l  l i m i t s .  For 

t h e  tabula ted  r e s u l t s ,  values were se lec ted  such t h a t  t h e  output numbers d id  

not vary more than about 1% f o r  a 2: 1 var ia t ion  i n  t h e  time and/or d is tance  

increments. 

19-20 



TABLE I 

I n i t i a l  Sphere 
Pressure 

( ~ t m o s ~ h e r e s  ) 

Parameters and Initial Conditions Used in the Computations 

I n i t i a l  Sphere I n i t i a l  Sphere C - - 
Mass Temperature P K 

(pounds ) (OR) Y ( B W / ~ I J  m -OR)  ( ~ b s - f t / l b ~ - O ~ )  

Table 
Containing 
Results 

V I I I  



TABLE I I A  

Time V a r i a t i o n  of  Vent Hole En t r ance  and E x i t  P r o p e r t i e s  
f o r  I n i t i a l  Sphere  Cond i t i ons  o f :  

Temperature  = 4500°R, P r e s s u r e  = 175 A t m ,  
Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.015 

1 l M E  PRESSURE 
I M I h O  IPOUNOSISQUARE FOOT1 

TEMPERATURE 
(DEGREES R l  

V E L O C I T Y  
I F E E T I S E C I  

SOUND VEL 
I F E E T I S E C I  

MASS MIN.  MASS 
FLOY R A O I U S V E N T E O  

l L 8 / S E C l  ( F E E T I  l 0 / 0 1  
-----------_______-l___ _________________ ________- --_--__--__--- 

SPHERk I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE I I A  (Cont.) 

T I M E  PRESSURE TEMPERATURE VELOCITY  SOUND VEL MASS MI  N. WALL TEMP 
( M I N )  (POUNDS/SOUARE FOOT)  (DEGREES R )  ( F E E T I S E C )  IOEG R )  l F E E T / S E C J  FLf lY  RADIUS 

( L B / S E C )  ( F E E T )  

MASS 
VENTED 
( 0 1 0 )  ------------ -------------- -------------- 

SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE I I A  (Cont.)  

T I M E  PRESSURE 
L M I N I  POUNDS/SPUARE FOOT I 

TEMPERATURE 
(DEGREES R I  

VELOC I T Y  MALL TEMP MASS MIN .  MASS SOUND VEL 
I F E E T / S E C I  (DEG R I  ( ~ E E T / s E C )  FLOY R A D I U S  VENTED 

( L B / S E C )  ( F E E T )  ( 0 1 0 1  _________ ______I___________ _____-_--_--- -------------- 
SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET INLET OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE I I B  

S p a t i a l  V a r i a t i o n  of  Flow P r o p e r t i e s  f o r  I n i t i a l  Sphe re  Cond i t i ons  o f :  
Temperature  = 4500°R, P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.015 ,  Time = 0  min 

O l S T A N C E  WALL GAS G A S  SOUND GAS REYNOLDS MACH VENT 
UP V E N I  TEMP.  TEMP. VEL.  V E L .  P R E S S .  NUMBER NUMBER R A D I U S  

( F E E T )  I D E G  R )  ( D E G  R )  ( F T / S E C I  ( F T I S E C )  I L B / F T  5 9 )  ( F E E T  



TABLE I I B  

Initial temperature = 4500°R, presssure = 175 Atm, mass = 571,500 lbs, friction factor = 0.015. 
Time = 2 min 

DISTANCE 
UP VENT 
I FEET I 

.5 
51.8 

100.0 
153.3 
2U3.8 
150.4 
301.0 
320.2 
4J0.5 
454.6 
503.0 
553.5 
600.0 
650.4  
700.4 
751.7 
800.4 
853.9 
900.9 
950.3 

1000.5 
LJ50.2 
L L l 0 . 1  
1151.2 
1200.4 
1250.6 
1 3 J 2 . 1  
I3 'JO.I  
1 4 J I . 3  
1450.2 
1501.6 
L55O.H 
1600.1 
1650.3 
1700.6 
1750.2 
lHJ0.d  
1 8 5 1  .o 
1902.1  
1950.2 
ZO00.d 
2Li'>O.Y 
21J0.2 
2150.2 
2200.1 
22>1.2 
23>0.* 
7351.4 
2400.4  
2'150.5 
2500.3 
2550.4 
2630.2 
2650.7 

NALL 
TEMP. 

1DEb W I  

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1939.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.>  
1933.5 
1931.5 
1933.5 
1934.5 
193,.5 
1933.5 
1931.5 
19  33.5 
1'333.5 
I Y 3 i . 5  
1933.5 
1933.5 
1933.5 
1935.5 
1933.5 
1935.5 
1933.5 
1933.5 
1333.5 
1133.5 
1333.5 
1933.5 
1933.5 
193 3.5 
1933.5 

GAS 
TEMP. 

(OEG R l  

4251.4 
4245.8 
4239.5 
C233.6 
4227.5 
4221.4 
4215.7 
4209.5 
4203.4 
4197.4 
4191.5 
4185.5 
4179.4 
4173.2 
4167.4 
4161.3 
4155.3 
4149.2 
4143.1 
4137.0 
4130.9 
4124.8 
4118.9 
4112.3 
4106.1 
4099. R 
4093.5 
4087. L 
4081.2 
4074.7 
4068.4 
4061.4  
4024.9 
4048.3 
44341.7 
4934.9 
4028.4  
4J21.2 
4014.1 
4006.5 
3999.2 
3991. 'J 

3983.5 
3975.4 
3966.9 
3957.0 
3946.7 
3935.6 
3923.8 
3909.3 
3893.0  
j d  72.5 
3841.5 
3765.8 

GAS SOUND 
VEL. VEL. 

I F T / S E C )  I F T / S E C )  

676.8 4411.7 
681.8 4408.8  
687.2 4405.5 
699.5 4402.4 
705.1 4399.3 
711.2 4396.1 
717.1 4393.1 
723.0 4389.9 
729.6 4386.7 
736.3 4383.5 
742.9 4380.5 
750.0 4377.3 
757.0 4374.2 
764.5 4370.9 
771.7 4367.8 
779.5 4364.7 
787.7 4361.5 
795.8 4358.3 
804.4 4355.1  
813.1 4351.9 
838.5 4348.7 
848.8 4345.5 
858.7 4342.4 
870.1 4338.9 
881.2 4335.6 
892.6 4332.3 
905.1 4329.0 
918.0 4325.6 
930.8 4322.5 
945.1 4319.0 
959.5 4315.6 
575.6 4312.0 
991.6 4308.5 

1008.8 4305.0 
1026.6 4301.5 
1345.7 4297.8 
1065.0 4294.4 
1087.3 4290.6 
1109.9 4286.8  
1133.d 4282.7 
1161.8 4278.e 
1190.6 4274.7  
1221.8 4270.4 
1255.4 4266.0 
1326.0 4261.5 
1373.3 4256.2 
1425.2 4250.0 
1483.6 4244.7 
1549.7 4238.3 
1633.1 4230.5 
1731.4 4221.6 
1E56.7 4210.5 
2098.8 4193.6 
2682.4 4152.0 

GAS REYNOLDS 
PRESS. NUMBER 

( L 8 / F T  5 9 )  

VENT 
RADIUS 
1 FEET l 

1.048 
1.047 
1.045 
1.039 
1.038 
1.036 
1.035 
1.033 
1.032 
1.030 
1.029 
1.027 
1.026 
1.025 
1.023 
1.022 
1.020 
1.019 
1.017 
1.016 
1.005 
1.004 
1.002 
1.001 

.999 
.998 
- 9 9 7  
.995 
.994 
- 9 9 2  
- 9 9 1  
.989 
- 9 8 8  
- 9 8 6  
.985 
- 9 R 4  
- 9 8 2  
.980 
.979 
.977 
.976 
.974 
.973 
.971 
.959 
.Y57 
.955 
- 9 5 3  
,951 
.948 
.945 
.942 
.927 
.897 



TABLE I I B  (Cont.) 

Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.015. 
Time - 4 min 

D I S T A N C E  MALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TkMP. TtMP.  VEL. VEL. PRESS. NUMBER NUMBER R A D I U S  

( F E E T )  I D E G  R )  IOEG R )  I F T / S E C )  I F T I S E C I  I L B / F T  S P )  ( F E E T )  



TABLE I I B  (Cont .) 
I n i t i a l  temperature  = 4500°R, p r e s s u r e  = 175 A t m ,  mass = 571,500 l b s ,  f r i c t i o n  f a c t o r  = 0.015. 
Time = 6 min 

D I S T A h l C E  
UP V E N T  

I F E E T )  

h A L L  
TEMP. 

( D E G  R )  

GAS 
TEMP. 

( O E G  R I  

G A S  
VEL.  

I F T I S E C )  

SOUNO 
VEL.  

I F T I S E C )  

GAS REYNOLDS 
PRESS.  NUMBER 

( L B / F T  S O )  

MACH 
NUMBER 

VENT 
R A D I U S  
( F E E T  ) 



TABLE IIB (Cont.) 

Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.015. 
Time = 8 min 

DISTANCE 
UP VENT 
I FEET ) 

5.0 
50.0 

100.0 
151.8 
201.8 
251.8 
301.8 
351.8 
401.8 
451.8 
501.8 
551.8 
601.8 
651.8 
701.8 
751.8 
801.8 
851.8 
901.8 
951.8 

LOO1 - 9  
1053.8 
1103.8 
1153.8 
1203.8 
1253.8 
1303.8 
1353.8 
1403.8 
1423.8 
1503.8 
1553.8 
1603.8 
1653.6 
1753.8 
1753.8 
1803.8 
1853.8 
1903.8 
1953.8 
2003.8 
2053.8 
7103.8 
2153.8 
2202.5 
2252.5 
2332.5 
2352.5 
7402.5 
2452.5 
2502.5 
7552.5 
26 10.1 
2653.8 

WALL 
TEMP. 

IDEG R l  

1490.9 
1490.7 
1490.5 
1490.3 
1490.1 
1489.9 
148'1.7 
1489.5 
1489.3 
1489.0 
1488.8 
1488.6 
1488.3 
1488.1 
1487.8 
1487.5 
1487.2 
1486.9 
1486.6 
1486.3 
1486.0 
1485.7 
1485.3 
1484.9 
1484.5 
1484.1 
1483.7 
1483.2 
1482.7 
1482.2 
1481.7 
1481.1 
1480.5 
1479.9 
1479.2 
1478.4 
1477.6 
1476.8 
1475.8 
1474.8 
1473.7 
1472.5 
1471.1 
1469.6 
1469.4 
1466.4 
1464.2 
1461.5 
1458.3 
1454.5 
1449.5 
1443.0 
1433.1 
1403.6 

GAS 
TtnP. 

IOEG R) 

1467.4 
1467.3 
1467.1 
1466.9 
1466.7 
1466.5 
1466.2 
1406.0 
1465.8 
1465.6 
1465.3 
1465.1 
1464.8 
1464.6 
1464.3 
1464.0 
1463.8 
1463.5 
1463.2 
1462.8 
1462.6 
1462.2 
1461 - 8  
1461.5 
1461.1 
1460.7 
1460.2 
1459.8 
1459.3 
1458.8 
1458.2 
1457. 7 
1457.1 
1456.4 
1455. 7 
1455.0 
1454.2 
1453.3 
1452.4 
1451.4 
1450.3 
1449.1 
1447.7 
1446.2 
1445.0 
1443.0 
144C.7 
1438.0 
1434.9 
1430.9 
1425.9 
1419.2 
1408.8 
1381.0 

GAS 
VEL. 

IFT/SEC 

500.7 
504.3 
508.7 
514.4 
518.8 
523.5 
528.2 
533.1 
538.1 
543.2 
548.4 
553.9 
559.3 
565.0 
570.8 
576.9 
583.2 
589.5 
596.2 
603.0 
611.2 
620.3 
627.9 
636.0 
644.2 
653.0 
661.9 
671.2 
681  .O 
691.3 
701.9 
713.1 
724.8 
737.2 
750.3 
763.9 
778.7 
794.4 
810.7 
823.7 
847.5 
868.3 
890.8 
915.3 
944.9 
975.3 

1009.2 
1047.9 
1092.9 
1146.1 
L211.2 
1294.5 
1427.8 
1757.9 

SOUND GAS 
VEL. PRESS. 

: I  IFT/SEC) ILB /FT  5 9 )  

REYNOLDS 
NUMBER 

4161726.0 
4162859.7 
4165621.9 
4173240.1 
4179956.1 
4183948.6 
4188408.7 
4192092.3 
4196430.6 
4200816.4 
4205600.2 
4208794.9 
4214459.4 
4218574.8 
4222989.6 
4227320.1 
4231656.9 
4236358.5 
4241008.4 
4246122.1 
4314584.7 
4264040.6 
4269827.1 
4273046.4 
4279138.8 
4283144.3 
4287584.1 
4293713.9 
4298840.6 
4303518.8 
4308889.8 
43 14809.9 
4319987.5 
4326140.8 
4331702.1 
4339309.5 
4345266.0 
4350619.8 
4358713.5 
4363939.6 
4373638.1 
4380389.0 
4387603.6 
4396408.1 
4415527.1 
4425659.9 
443841 1.5 
4452072.7 
4465882.3 
4482924.1 
4503751.2 
4531134.2 
4576619.2 
4810290.0 

MACH 
NUMBER 

.193 

.195 

. I 9 6  
- 1 9 9  
- 2 0 0  
-202  
.204 
- 2 0 6  
.208 
.210 
.212 
.2L4 
- 2 1 6  
.218 
.220 
- 2 2 3  
.225 
-228  
.230 
.233 
.236 
.2 40 
.243 
- 2 4 6  
.249 
-253  
- 2 5 6  
-260  
.263 
- 2 6 7  
.272 
- 2 7 6  
.281 
-285  
.291 
.296 
.302 
- 3 0 8  
- 3 1 4  
.322 
- 3 2 9  
- 3 3 7  
- 3 4 6  
.356 
.A67 
.379 
.393 
.GO8 
.426 
.448 
.4 74 
.508 
.562 
.699 

VENT 
RADIUS (FEET) 

1.697 
1.695 
1.694 
1.690 
1.689 
1.687 
1.685 
1.684 
1.682 
1.681 
1.679 
1.677 
1.676 
1.674 
1.672 
1.67 1 
1.669 
1.668 
1.666 
1.664 
1.662 
1.657 
1.656 
1.654 
1.652 
1.650 
1.648 
1.647 
1.645 
1.643 
1.641 
1.639 
1.637 
1.636 
1.634 
1.632 
1.630 
1.627 
1.625 
1.623 
1.621 
1.618 
1.616 
1.613 
1.607 
1.603 
1.600 
1.596 
1.592 
1.587 
1.581 
1.573 
1.55h 
1.525 



w 
0 

TABLE I I I A  
T i m e  V a r i a t i o n  of Vent Hole E n t r a n c e  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere  C o n d i t i o n s  o f :  

Temperature  = 4 5 0 0 " R ,  P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.075 

T [ H E  
I M I Y I  

PRESS UHE TEMPERATURE v ~ ~ o c  I r v WALL TEMP SOUND VEL MASS MIN.  MASS 

iLB/SECl ( F E E T )  I O I O i  
lPUUNOS/SPUARE FOOT I ( D E G R E E S  R )  I F E E T / S E C )  ( D E G  R l  I F E E T / S E C  I FLOW R A D I U S  VENTED 

____________ _____________  -_----_------- 
SPHkRk I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 

3.0 370440.0 36Y593.8 15253.1 4500.0 4497.1 2502.1 259.4 3215.4 500.0 500.0 4537.3 3384.4 92.66 .375 0.0 

- 1  369929.2 369110.8 14507.2 4498.2 4495.4 2629.6 255.2 3444.3 1207.1 851.1 4536.5 3469.6 91.09 .375 . I  
- 2  369421.3 368631.1 13518.9 4496.5 4493.7 2718.0 251.8 3692.4 1761.9 1151-7 4535-6 3527.5 89 -87  -375  . z  
. j  36t19jL.t 30~1155.4 14372.8 4494.8 4492.1 2870.7 248.9 3669.7 2210.3 1409.s 4534.8 3625.2 88.6'4 .375 . 3  
- 4  368444.3 3 6 7 6 8 1 . 9  l5IY1.2 4493.1 4490.4 3008.3 246.7 3641.0 2574.5 1668.2 4534.0 3711.0 8 7 . 8 0  -375  . 4  
- 5  367°61.0 367213.3 14396.6 4491.4 4488.8 3059.6 244.4 3816.1 2871.5 1949.3 4533.1 3742.5 86.91 -375  . 5  

. 6  

. l  

.H 

.9 
I .O 

1 . 1  
1.2 
I . 5  
1.4 
1.5 

1 . h  
1 . 1  
1.8 
1.9 
2.0 

2.1 
2 . 2  
2.3 
2.4 
2 . 5  

2 . 6  
2 . 7  
2.d 
7 .v 
3 . 3  

3 . 1  
3.2 
3.5 
3.4 
3.5 

367482 .a 
)67O'l8 .O 
36bC 3 3 . 6  
366049.6 
36 5547.7 

3t5020. 3 
364451.7 
563852.9 
363204 . 6  
3625C6.1 

3 6 1  750.0 
360936.4 
360052.8 
359Cn2.6 
358020.3 

356854 - 3  
355563 .O 
3 5 4 1 4 1 . 8  
3 5 2 5 d  I . I )  
> > 0 8  12.5 

? 4 ' i d f l 5 . R  
3 4 6 9 5 0 . 4  
344733.9 
44132b.I 
3 3 9 7 1 5 . 3  

3 4671 7.3 
3 3 3 8 9 6 . ' t  
330672.9 
q27241.2 
323596.3 

366744.5 
366388.5 
365980.6 
365532. 8 
36 5040.9 

364516.6 
563943.8 
363313.4 
362690.5 
362002.3 

3 6  I 2  56.6 
360439.2 
359536.8 
358547.2 
3 5 7459.4 

35tL55.5 
354Y26.0 
3 5  34 66. 6 
351 d67.9 
3 5 C 1  19. 6 

34r1195.9 
3 4 6 1 1 2 . 8  
343851.1 
341  396. 1 
33E 155.2 

335901.3 
332855.1 
329 t00 .1  
326136.7 
32L471.2 

14796.6 
14928.2 
15d42.2 
15151.4 
16054.4  

18134.7 
2OjYO. I 
21022.4 
23117.1 
22127.5 

24885.7 
26125.5 
25727.5 
27316.3 
26342.9 

5c173.3 

35987. I 
39908.8 
40-11 1.6 

3 7 8 4 1 . 3  
39169.6 
37860.4  
34163.8 

3535a .  3 

3 7 3 1 8 . 9  

30727.7  
33277.8 
32712.5 
34164.7 
33805.8 

4489.7 
4488.0  
44a6.4 
4484.7 
4482.9 

4481.1 
4479.1 
4477.0  
4414.7  
4472.2 

4469.6 
4466.7 
4463.6 
4460. I 
4456.4 

4452.2 
4447.6 
4442.5 
4436.9 
4430.8 

4414.0  
4416.6 
440f .5  
4399.7 
4390.0 

4379.7 
4368.4 
4 3 5 6 . 3  
4343.4 
4329.5 

4 4 8 7 . 1  
4485.9 
4484.5 
4482.9 
4481.2 

4479.3 
4477.3 
4475.1 
4472.9 
4470.5 

4467.8  
4464.9 
4461.8 
4458.2 
4454.4 

4450.1 
4445.3 
4440.1 
4434.4 
4428.0 

4421.1 
4413.5 
4405.2 
4396.2 
4 3 8 6 . 5  

4375.9 
4364.5 
4352.3 
433Y.2 
4325.2 

3155.1 
3223.9 
3303.6 
3283.7 
3346.4 

3496.6 
3436.0 
3429.2 
3Cb8.8 
3376.4 

3429.5 
3396.9 
3321.5 
3303.6 
3238.5 

3254. I 
3 3 6 8 . 8  
3339.1 
3402.1 
3412.1 

3510.1 
3433.4 
3456.3 
3458.7 
3482.8 

3435.8 
3491.9 
3 4 6 7 . 3  
3522.3 
3 4 7 6 . 4  

243.0 
222.7 
210.5 
203.5 
200.4 

201.2 
203.9 
2 0 8 . 4  
203.6 
201.7 

19Y.7 
200.7 
204.6 
208.6 
213.7 

221.1 
228.7 
235.4 
242.3 
249.4 

259.2 
264.2 
271.8 
279.7 
285.0 

293.2 
298.7 
304.2 
309.8 
314.0 

3822.1 

3838.5 
3867.8 

4051.6 
3987.5 

3895.7 
3889.9 
3998.5 
3972.0 
4112.3 

3904.5 
3839.2 
3788.3 
3860.6 
4015.0 

4022.4 
3820.8 
3984.4 
3884.4 
3976.5 

3946.2 
4085.M 
4069.4 
4146.7 
3942.0 

4126.4 
4509.7 
4101.4  
3t184 .0  
3 9 7 O . Y  

31 14.1 
3258.0 
3258.0 
3258.0 
3258.0 

3258.0 
32 58.0 
3258.0 
1933.5 
1933.5 

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

2153.2 
2321.3 
2505.2 
2665.9 
27'?1.9 

2924.3 
3042.0 
3131.5 
3248.2 
3258.0 

3258.0 
3258.0 
3258.0 
3258.0 
3258.0 

3258.0 
3258.0 
3258.0 
3258.0 
3258.0 

3258.0 
1933.5 
1933.5 
1933.5 
1933.5 

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

4532.3 
4531.7 
4531.0 
4530.2 
4529.3 

4528.4 
4527.4 
4526.2 
4525.1 
4523.9 

4522.6 
4521.1 
4519.5 
4 5 1 7 . 7  
4515.7 

4513.6 
4511.2 
4509.5 
4505.6 
4502.4 

4498.8 
4495.0 
4490.8 

4481.2 

4475.8 
4470.0 
4463.7 
4457.0 

4486.2 

4449.8 

3800.5 
3841.7 
3888.9 
3877.2 
3914.0 

3949. I 
3966. I 
3962.1 
3985.0 
3931.5 

3962.3 
3943.5 

3889.0 
3902.9 

3850.6 

3859.7 
3927. I 
3909.7 
3946.5 
3952.6 

4008.7 
3964.6 
3977.8 
3979.2 
3993.0 

3966.0 
3998.2 
3984.1 
4015.6 
3989.3 

86.32 -375  
86.29 -375 
88.08 .375 
91.36 -375  
96.03 .375 

102.49 -375  
110.23 -375  
118.20 e375 
127.43 -375  
138.00 -384  

148.59 .393 
1 6 1 . 4 8  .403 
177.43 , 4 1 1  
194.44 .421 
213.58 -426  

236.39 .428 
261.21 -435  
286.80 -443  
314.34 .453 
343.92 .465 

379.26 .475 
409.67 .508 
445.86 -543  
484.41 -577  
520.28 .609 

563.04  .641 
602.37 -668  
643.06 .697 

724.66 -754  
685.04 .726 

- 6  
. 7  
.8 
. 3  
.9 

1.0 
1.2 
1.3 
1.4 
1.5 

I . 7 
1.8  
2 .o 
2.2 
2.4 

2.6 
2.9 
3.2 
3 . 5  
3.8 

4.2 
4 .6  
5.0 
5.5 
6.0 

6 . t, 
7.2 
7 . 8  
8.5 
9.2 



TABLE I I I A  

T I M E  PRESSURE TEMPERATURE V E L O C I T Y  MALL TEMP MASS MIN .  MASS SOUND VEL 
I M I N l  POUNOSISQUARE FOOT)  (DEGREES R )  ( F E E T I S E C )  (OEG R l  I F E E T I S E C )  FLOW R A D I U S  VENTED 

l L B / S E C )  ( F E E T )  1 0 1 0 1  ------------- -------------- -------------- 
SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 

W 
t-' 



TABLE IIIA (~ont.) 

T I M E  PRESSURE TEMPERATURE V E L O C I T Y  WALL TEMP SOUNO VEL MASS MlN.  MASS 
I M I N )  IPOUNOSISPUAHE FOOT)  IDEGREES R l  l F E E T / S E C l  I D E G  R )  I F E E T / S E C I  FLOW R A D I U S  VENTED 

I L B / S E C I  ( F E E T 1  ( O / O I  ........................... ----------------______ ___________ ______________  ___-_-__-_____ 
S P t 4 t U t  I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE IIIA (Cont.) 

T I M E  PRESSURE TEMPERATURE V E L O C I T Y  HALL TEMP SOUND VEL MASS MIN .  MASS 
( M I N I  (POUNDSISPUARE FOOT1 (DEGREES R I  I F E E T / S E C )  (OEG R I  I F E E T / S E C I  FLOW R A D I U S V E N T E D  

( L B / S E C )  ( F E E T )  1 0 1 0 )  
--------------------------- ----------------- ------------- 

SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E r  OUTLET I N L E T  OUTLET 



TABLE I I I B  

S p a t i a l  Var ia t ion  of Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  o f :  
Temperature = 4500°R, P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.075. 
Time = 0  min 

D I S T A N C E  H A L L  GAS G A S  SOUND GAS R E Y N O L D S  MACH V E N T  
UP V t N T  TEMP.  TEMP. V E L .  V E L .  P R E S S .  N U M 8 E R  NUM8ER R A D I U S  

( F E E T I  I O E G  H )  I D t G  R )  I F T I S E C I  I F T / S E C )  I L B / F T  S P )  I F E E T  ) 



TABLE IIIB (Cont .) 

Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor - 0.075. 
Time = 2 min 

DISTANCE WALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUMBER NUMBER R A D I U S  

I F t t T I  IOEG H )  ( D t G  R )  ( F T / S E C I  ( F T I S E C )  ( L B / F T  SQ) ( F E E T  ) 



Initial temperature = 4500°R, 
Time = 4 min 

D I S T A N C E  WALL 
U P  V E k l  TEMP.  

I F E t T J  I D E G  R l  

TABLE IIIB (Cont.) 
pressure 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 

GAS G A S  SOUND GAS R E Y N O L D S  YACH V E N T  
T t W P .  VEL.  V k l .  PRESS. NUMBER NUMBER R A D I U S  

I D k G  R I  ( F T / S E C I  ( F T / S E C I  ( L B / F T  S Q I  [ F E E T  1 



TABLE I I I B  (Cont.) 
I n i t i a l  temperature = 4500°R, p r e s s u r e  = 175 A t m ,  mass = 571,500 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 6 min 

OlSrANCE 
UP VENT 

( F E E T )  

.5 
51.7 

103.6 
151.5 
201.6 
250.7 
301.3 
353.2 
402.3 
451.6 
502.0 
551.9 
600.4 
650.2 
703.4 
752.0 
804.0 
854.4 
900.1 
952.7 

1000.3 
1052.4 
1105.0 
1151.2 
1200.4 
12!J0.1 
1300.3 
1352.1 
1430.2 
1450.3 
1500.7 
1550.1 
1600.4 
l b 5 4 . 2  
1700.5 
1751.Q 
1801.1 
1850.4 
1900.3 
19>1.8 
2000.4 
2052.9 
2102.5 
2150.0 
2200.3 
2250.3 
2302.7 
2352.3 
2401.2 
2450.8 
2500.4 
2552.0 
2600.1 
2650.5 

HALL 
TEMP. 

(OEG R I  

1933.5 
1933.5 
1933.5 
1933.5 
1935.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1935.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

GAS 
TEMP. 

(OEG K )  

3678.7 
3675.2 
3671.8 
3668.3 
3664.7 
3661.3 
3658.0 
3654.3 
3651.0 
3647.4 
3643.8 
3640.4 
3636.8 
3633.3 
3629.9 
3626.5 
3622.9 
3619.3 
3615.8 
3612.4 
3608.7 
3605.1 
3651.6 
3598.0 
3 594.6 
3590.9 
3587.4 
3583.7 
3580.1 
3576.4 
3572.9 
3569.3 
3565.2 
3561.5 
3557.6 
3553.8 
3550.0 
3545.8 
3541.9  
3537.8 
3531.3 
3529.0 
3524.5 
3519.8 
3514.3 
3508.8 
3502.8 
3496.1 
3488.8  
3479.3 
3467.0 
3450.3 
3420.2 
3320.4 

GAS SOUND GAS 
VtL .  VEL. PRESS. 

(FT/SECI  I F T / S E C )  I L B I F T  5 9 )  

REYNOLDS 
NUMBER 

MACH 
NUMBER 

- 0 9 2  
.093 
.094 
.095 
,095 
- 0 9 7  
.098 
- 0 9 9  
. l o o  
- 1 0 1  
. l o 2  
- 1 0 3  
. I 0 5  
. l o 6  
- 1 0 7  
. I 0 9  
.110 
.I 12 
. I 1 3  
.I1 5 
-1 1 6  
- 1 1 8  
. I 2 0  
. I 2 2  
- 1 2 4  
.126 
.128 
.131 
.133 
. I 3 5  
- 1 3 8  
.141 
.LC4 
- 1 4 7  
- 1 5 0  
- 1 5 4  
. I 5 0  
- 1 6 2  
- 1 6 7  
- 1 7 2  
- 1 7 7  
- 1 8 3  
- 1 9 0  
- 1 9 7  
- 2 0 3  
- 2 1 5  
.228 
. 2 4 1  
.2 4 9  
- 2 7 9  
.306 
.346 
.4 1 2  
,604 

VENT 
RADIUS 
I FEET ) 



TABLE IIIB (Cont.) 
Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 8 min 

D I S T A N C E  
UP V t N T  

I F t k T I  

HALL 
T  tMP.  

I D E G  R l  

GAS 
TtMP. 

I D E G  R l  

GAS 
VEL. 

I F T / S E C I  

SOUND 
VEL. 

I F T / S E C I  

GAS REYNOLDS 
PRESS. N U M ~ E R  

I L B / F T  S Q I  

MACH 
NUMBER 

VENT 
R A D I U S  
I FEET I 



TABLE IIIB (Cont .) 

Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 10 min 

DISTANCE 
UP VENT 

(FEET) 

- 9  
54.3 

104.3 
154.3 
234.7 
250.7 
300.7 
350.7 
400.7 
450.7 
500.7 
550.7 
6d0.7 
050.7 
700.7 
750.7 
802.2 
851.4 
901.4 
951.4 

1001.4 
1051.4 
1101.4 
1151.4 
1201.4 
1251.4 
1301.4 
1351.R 
1401.8 
1451.8 
150 1.8 
1551.8 
1601.8 
1651.8 
1701.H 
1721.8 
1831.8 
1851.8 
1902.5 
19>2.5 
20J2.5 
2052.5 
2102.5 
7152.5 
220O.b 
2250.1 
2300.1 
2350.1 
2401.9 
24 24.0 
2504.0 
2554.0 
2603.3 
2650.4 

MALL GAS 
TEMP. TEMP. 

( O E G R )  IDEG R) 

GAS 
VEL. 

(FT/SEC) 

325.1 
327.9 
330.9 
334.1 
332.3 
341.2 
344.7 
348.2 
351.9 
355.7 
359.6 
363.5 
368.0 
372.4 
376.8 
381.5 
386.6 
392.0 
397.1 
402.5 
408.0 
413.8 
419.9 
426.1 
432.7 
439.5 
446.7 
455.3 
463.4 
471.8 
480.6 
490.1 
500.0 
510.7 
521.9 
534.0 
546.9 
560.8 
5 77.4 
594.0 
61 1.9 
631.7 
653.7 
678.0 
696.5 
736.5 
772.9 
814.8 
846.6 
937.2 

1019.8 
1133.4 
1309.7 
1811.7 

SOUNO GAS 
VEL. PRESS. 

IFT ISECI  (LB/FT SPI 

REYNOLDS 
NUMBER 

7656940.6 
7656904.4 
7666110.5 
7674886.5 
7989701.9 
7700229.2 
7707329.5 
7716790.5 
7724230.2 
7733546.1 
7740361.5 
7751385.5 
7765863.5 
7771966.5 
7780658.7 
7787258.7 
7801 794.7 
7815456.2 
7825215.8 
7833430.1 
7841364.3 
7849438.8 
7857308.1 
7866345.3 
7874775.3 
7884565.0 
7893327.6 
7912792.5 
7921031.6 
7928315.3 
7941442.9 
7946684.4 
7957169.2 
7962965.7 
7974300.7 
7983802.4 
7993551.3 
8001939.6 
8031901.2 
8031441.0 
8043265.8 
8051772.1 
8057736.7 
8070210.8 
8277372.7 
8101278.5 
8109306.2 
8125639.3 
8504769.7 
8160466.4 
8179230.3 
8195771.3 
8233338.0 
8636850.7 

MACH 
NUMBER 

.099 

. l o o  

. l o 1  
-102  
.LO1 
. l o 4  
-105  
-106  
-107  
. I 0 8  
. I 1 0  
- 1 1 1  
. I 1 2  
- 1 1 4  
.115 
. I 1 6  
- 1 1 8  
. I 2 0  
. I 2 1  
. I 2 3  
.125 
. I 2 6  
- 1 2 8  
- 1 3 0  
.132 
- 1 3 4  
.137 
- 1 3 9  
.142 
. I 4 4  
. I 4 7  
. I 5 0  
.L53 
.156 
. I 6 0  
- 1 6 4  
. I 6 8  
. I 7 2  
. I 7 7  
- 1 8 2  
. I 8 8  
. I 9 4  
.201 
.208 
- 2 1 4  
-227  
-238  
.251 
.26L 
- 2 8 9  
.315 
. 3 i  1 
.407 
.569 

VENT 
RADIUS 
I FEET 1 

1.759 
1.758 
1.756 
1.754 
1.766 
1.749 
1.747 
1.745 
1.744 
1.742 
1.740 
1.739 
1.736 
1.734 
1.732 
1.730 
1.728 
1.725 
1.723 
1.722 
1.720 
1.718 
1.716 
1.715 
1.713 
1.711 
1.709 
1.706 
1.704 
1.702 
1.701 
1.699 
1.697 
1.695 
1.693 
1.691 
1.689 
1.687 
1.684 
1.681 
1.680 
1.677 
1.675 
1.673 
1.683 
1.667 
1.664 
1.661 
1.683 
1.651 
1.647 
1.640 
1.629 
1.595 



TABLE IIIB (Cont.) 
Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 12 min 

D I S T A N C E  WALL GAS G A S  SOUND GAS R E Y N O L D S  MACH V E N T  
UP VENT TEMP. TEMP. VEL. V E L .  P R E S S .  NUMBER NUM8ER R A D I U S  

I F E E T I  I O E G  R I  ( O E G  R I  L F T l S E C l  I F T I S E C I  l L B / F T  S Q I  I F E E T  1 



TABLE IIIB (Cont.) 
Initial temperature = 4500°R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 14 min 

DISTANCE HALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT T E ~ P  . T E ~ P .  VEL. VEL. PRESS. NUMBER NUMBER R A D I U S  

[ F k E T I  ( D E G  R )  (OEG R l  ( F T / S E C )  I F T / S E C I  I L B / F T  5 9 1  ( F E E T  I 



TABLE IIIB (Cont.) 
I n i t i a l  temperature  = 4500°R, p r e s s u r e  = 175 A t m ,  mass = 571,500 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 16 min 

DISTANCE 
UP VENT 

(FEET1 

5.0 
50.0 

100.0 
150.0 
2 J I . I  
254.0 
304.0 
354.0 
404.0 
454.0 
504.0 
554.0 
601.8 
651.8 
701.8 
751.1, 
801.1 
852.6 
902.6 
952.6 

1002.6 
1052.6 
1102.(, 
1152.6  
1ZOL.6 
1752.6 
L3J2.6 
1353.6 
14'13.6 
1423.6 
1513.6 
1 5 5 j . 0  
l b33.6 
1655.6 
1703.6 
1753.6 
l P J 3 . 6  
1653.6 
1 9 j 2 . 7  
1912.7 
2002.7 
2051.7 
2LC2.7 
2152.7  
2 2  14.9 
2252.9 
2302.9 
23'17.9 
24U1.4 
C 4 > U . J  
25')U.Y 
25>0.L, 
2DJ0.Y 
2651.4 

WALL 
TEMP. 

IOEG R )  

1449.4 
1449.3 
1449.2 
1449.0 
1448.9 
144d. 8 
1448.6 
1448.5 
1448.4 
1448.2 
1448.1  
1448.0 
1447.8 
1447.7 
1447.5 
1447.4 
1447.2 
1447.1 
1446.9 
1446.8 
1446.6 
1446.4 
1446.3 
1446.1 
1445.9 
1445.7 
1445.5 
1445.3 
1445.1 
1444.9 
1444.6 
1444.4 
1444.1  
1443.9  
1443.6 
1443.3 
1442.9  
1442.6 
1442.2 
1441.8  
1441.4 
1440.9 
1440.4 
1439.8 
1439.1  
1438.4 
1417.5 
1430.5 
1454.2 
1439.8 
1432.0 
1429.5 
1426.1 
1419.6 

GAS 
TEMP. 

IDFG R I  

1313.9 
1314.1 
1314.3 
1314.5 
1314.8 
1315.0 
1315.2 
1315.4  
1315.6 
1315.8 
1316.0 
1316.3 
1316.4 
1316.7 
1316. 8 
1317.0 
1317.2 
1317.4 
1317.6 
1317.8 
1318.0 
1318.2 
1318.4 
1318.5 
1318.7 
1318.9 
1319.0 
1319.2 
1319.3 
1319.5 
1319.6 
1319.7 
1319.8 
1320.0 
1320. 1 
1310.2 
1320.7 
1320.3 
1320.4 
1310.4 
1320.5 
1320.5 
1320.4  
1320.4 
1320.3 
1320.2 
1320.1 
1319.9 
1319.7 
1319.3 
1318.9 
1318.3 
1317.6  
1316.3 

GAS SOUND GAS 
VEL. VEL. PRESS. 

I F T / S E C I  I F T I S E C 1  I L 8 / F T  5 9 )  

REVNOLDS 
NUMBER 

1509347.4 
1509225.6 
1510840.0 
1512368.8  
1574211.6 
1516946.9 
1518143.5 
1519808.1 
1521076.8 
1522714.1 
1523858.4 
1525836.1 
1528391.3 
1529491.7  
1531011.8 
1532121.6 
1534782.6 
1537263.3 
1539004.8 
1540437.0 
1541815.2 
1543223.1 
1544595.1 
1546198.5 
1 5 4  I684.3  
1549443.2 
1551003.6 
1554130.5 
1556109.6 
1557387.5 
1559826.4 
1560716.2 
1562642.3 
1563652.0 
1565769.0 
1567533.7 
1569355.7  
1570918.4  
1575667.8 
1576591.1 
1578902.1 
1580579.4 
1581780.9 
1584327.1 
1621274.2 
1590770.6 
1592665.5 
1596347.5 
1667976.7 
1604436.7 
l610101.8  
1615752 . S  
l 62882R.b  
1694659.3 

MACH 
NUM8ER 

- 0 9 0  
. 0 9 1  
- 0 9 2  
- 0 9 3  
.092 
- 0 9 5  
.096 
- 0 9 7  
.098 
- 0 9 8  
.099 
. l o o  
. I 0 2  
- 1 0 3  
. I 0 4  
- 1 0 5  
. I 0 6  
. I 0 7  
- 1 0 9  
- 1 1 0  
. I 1 1  
- 1 1 3  
. I 1 4  
. I 1 6  
- 1 1 7  
. I 1 9  
.120 
- 1 2 2  
. I 2 4  
- 1 2 6  
. I 2 8  
- 1 3 0  
.132 
. I 3 4  
- 1 3 6  
. I 3 9  
. I 4 1  
. I 4 4  
. I 4 7  
- 1 5 0  
- 1 5 3  
. I 5 7  
- 1 6 1  
- 1 6 5  
- 1 6 7  
. I 7 4  
- 1 7 9  
. I 8 5  
. I 8 5  
. I 9 9  
.207 
- 2 1 7  
.229 
- 2  5 4  

VENT 
RADIUS 
I FEET ) 

1.769 
1.767 
1.766 
1.764 
1.776 
1.759 
1.757 
1.755 
1.753 
1.752 
1.750 
1.748 
1.746 
1.744 
1.742 
1.740 
1.738 
1.735 
1.733 
1.731 
1.730 
1.728 
1.726 
1.724 
1.722 
1.721 
1.719 
1.715 
1.713 
1.712 
1.713 
1.708 
1.706 
1.704 
1.702 
1.700 
1-69')  
1.697 
1.693 
1.691 
1.689 
1.687 
1.684 
1.682 
I. 6 9 2  
1.676 
1.673 
1.670 
1.692 
I. 6 6 0  
1.655 
1.64H 
1.637 
1.6GI 



TABLE I V A  

Time V a r i a t i o n  of Vent Hole En t r ance  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere  Cond i t i ons  o f :  

Temperature = 5954"R, P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.015 

T I M E  PRtSSURE TEMPERATURE V E L O C I T Y  MALL TEMP SOUNO VEL MASS MlN.  MASS 
( M I N I  I PUUNOS/SQUARE FOOT1 IOEGREES R I  ( F E E r / S E C I  (OEG R )  I F E E T / S E C )  FLOW R A D I U S  VENTED 

I L B I S E C I  I F E E T I  l 0 / 0 1  ........................... --------------- -------- ------------ -------------- 
SPHERk I N L E r  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE I V A  (Cont.) 

PRESSURE 
I PCJUNOS/SQUARE FOOT1 

TEMPERATURE 
(DEGREES R )  

V E L O C I T Y  HALL TEMP SOUNO VEL MASS WIN. MASS 
I F E E T I S E C )  (DEG R )  I F E E T / S E C )  FLOW RAOlUS VENTED 

I L B / S E C I  I F E E T )  l 0 / 0 )  .......................... __________ _______--_---- -------------- 
SPHERE I N L E T  O U r L E r  SPHERE INLET OUTLET I N L E T  OUVLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE IVB 

S p a t i a l  V a r i a t i o n  of Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere  Cond i t i ons  o f :  

Temperature = 5954OR, P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.015. 
Time = 0  min 

O f  STANCE WALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP, TEMP. VEL. VEL. PRESS. NUMBER NUM8ER R A D I U S  

( F E E T )  (OEG R l  (DEG R l  I F T / S E C I  I F T I S E C I  I L B / F T  S P I  4 FEET I 



TABLE IVB (Cont.) 
I n i t i a l  t empera ture  = 5954"R, p r e s s u r e  = 175 A t m ,  mass = 
T i m e  = 2 min 

571,500 lbs, f r i c t i o n  f a c t o r  = 0.015. 

01 STANCE 
UP VENT 

( F t E T I  

.5 
54.5 

104.5 
154.5 
200.5 
252.1 
302.1  
352.1 
400.3 
450.1  
500.2 
5 5 1 . 0  
600.7 
650.7  
100.7 
750.7 

853.7 
900.0  
951.8 

1000.4 
1051.2 
1100.1 
115cl.1 
1LOJ. l  
l L S I . 1  
1301.8 
1352.1  
1401.3  
1450.3 
1500.5 
1550.2 
1603.6 
1654.1 
1700.1  
I I S O . 4  
1YOO.I 
1 q 5 P . 5  
1900.3 
IY23.4  
I 7 0 4  . H 

L13U.7 
2150.2 
2 2 0 b . 4  
2L5 l l . 1  
2 3 u o  . I 
2 3 5 0 . 4  
2401.4  
243U.R 
2500.4  
2550.4  
20l)O.S 
2 6 5 U . l  

800.7 

zoz0.o  

WALL 
T E w .  

(OEG R I  

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5  
I Y 3 3 .  5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1Y33.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5  
1933.5  
1933.5 
1933.5  
1033.5 
1933.5  
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933 .5  
l Y 3 3 . 5  
1Y33.5 
1933.5 
1933.5 
1935.5 
1933.5 
1933.5  
1933.5 
1933.5  
1 Y j 3 . 5  
1Y33.5 
1933.5 
1 9 3 3 . 5  
1933.5 
1933.5 
1933.5  

GAS 
TEMP. 

( O € G  R I  

5003.4  

4994.4 
4Y89.9 
4985.4  

4916.5  
4 9 7 2 . 0  
4967.2  
4 9 6 2 .  
4958.1  
4953.5 
494V.L 
4944.6  
4939.9  
4935.3 
4930.6  
4S25.9 
4920.8  
4916.1  
4911.2 
4906.8 
4 9 0 1  - 6  
4R97.1 
4 8 9 1 . 8  
4 8 8 7 .  I 

4817.0 
4 8 7 1 . 6  
4866.5 
4861.3 
4955.v  
4a50.4 
4 8 4 5 . 0  
4839.3 
' t R 5 3 . 6  
4 8 2 7 . 7  
4821.Y 
4 R l 5 . 5  
4110'). 1 

4795.5  

4780.4  
4772.2 
4763.4 
4734.5  
4 1 r 3 . 1  
4 / 3 0 . 9  

4699.2  
4676.4  
464'2. 1 

499n.9 

4 9 n 1 .  I 

4 8 n i . ~  

4no2.4 

478n.z  

4 7 1 0 . n  

4 2 5 9 .  n 

GAS SOUND 
VEL.  VEL. 

( F T / S E C I  I F T / S E C I  

858.3 
864.3 
871.0 
877.9 
886.5 

899.6 
907.  I 
928.0 
924.7 
933.0 
941.6 
949.4 
95R.5 
967.7 
977.2 
987.0 
997.1 

1017.4  
1020.4  
1032.9 
1044.1  
1056.7  
1068.6 
1082.6 
1095.9  
1111.0 
1 1 2 5 .  I 
1142.1 
1159.3 
1115.4  
1194.4  
1213.9  
1233.6 
1254.8 
1217.3  
1301.4 
1315.2 
135b.O 
1385.2 
1 4 1 6 . 9  
1451.3  
1487.7  
152Y.4 
1 5 7 4 . 7  
1625.1 
1658.9 
1750.4 
1826.8  
1917.3  
2 0 3 2 . 0  
2183.6 
2 3 1 3 . 8  
LY27.7 

n92.2 

3984.7 
3983.0 
3981.2 
3979.4 
3 9 7 1 . 6  
3975.8 

3972.2 
3970.3 
3968.5 
3966.7 
3964.8 
3963.1  
3961.3 
3959.4  

3955.6 
3953.8 
3951.7  
3949.8 
3947.9 
3 9 4 6 .  I 
3944.0 
3942.2  
3943.  I 
3938.1 
3936.0 
3 9 3 4 . 1  
3Y31.9 
3929.9  

3925.6  
3923.4  
3 9 2 1  - 2  
3918.0  
3916.5 
3914.2 
3911.8 
3909.2 
3906.6 
3903.9 
3 9 0 1 .  1 
3 8 9 8 . 1  
38Y5.0 
3891.6  
3888.0  
3884.4 
3 8  19.7 
5874.7 
3868.9 
3861.7 
3852.3 
3841.1 
3804.0 

3974.0 

3957.5 

3927.7 

GAS 
PRESS. 

( L B / F T  591 

174321.1  
173145.4  
171939.2 
1 7 0 1  19.9 
169456.1  
168292.8  
167031.4 

164263.8  
163102.4  
161169.7 
16041 1.0 
159166.3  
157785.0  
156387.4  
15497 0.4 
153533.2  
152075.6 
150385.0  
149000.3 
147419.3 
14  5 9 7 2  -9  
1 4 4 2 8  7.2 
142820.1  
1 4 1041 -8 

137614.5  
136030.5 
136113.2 
132308.3 
130560.3 
1 2  8645.6 
126705.3 
124769.6 
122733.7 
1 2 0 6 5 1  -4 
118533.0 
I I 6 5 0 5  -0 
11+073.0 
111732.2  
10 9 3  1 7 -0 
1 06826.3 

1 0  1505.3  
98653.6 
95689.2  
92842.9 
89091.3  
85443.7 
81485.7 
7695 8.4 

66480.1 
53894.8 

165754.7 

139457 .7 

1042 3 3 .  r 

71746.5  

RE Y NOL OS 
NUM0ER 

46530135.0 
46560428.5 
4660 1955.9 
46653325.3  
466+0386.1  
46765603.1  
4 6 8 1 9 6 9 2 . 3  
46076956.9 
45804847.5 
47038490.8 
47092466.0  
41116019.4 
47169365.6  
47213552.3  
47275056.7  
47333364.8 
47391072.9 

46801060.4 

41681055.9  

478001 19.9 
47850967.2  
47914591.1  

48016228.9  
48048 103.0 
48216002.6  
48240405.3  
48305206.5 
48369599.2  
k8437631.0  
48496821.8  
48556303.8  
48628468.6 
48690628.4  
50027665.1  
48868623.1  
48948481.7  
4 8 9 9 6  095.9 
49059460.8  
49186158.9 
49 245 66 6.3 
49361943.7 
49438124.0  

49109203.7  
49724881.7  
49980839.7  
50137023.2  
5 0 4 2 2 3 3  7.3 
52046880.9  

47448425.3  

47615960.5 

47729048.7 

4 7 9 7 4 8 ~ 5 . 2  

5 0 r 8 9 9 c o . o  

5 1 3 7 8 4 3 8 . ~  

MACH 
NUMBER 

.2 15 

.217 

.219 

.221 

.223 

.224 

.226 

- 2 3 4  
.233 
- 2 3 5  
-238 
- 2 4 0  
.242 
.244 
.247 
.250 
.2 52 
.257 
- 2 5 8  
- 2 6 2  
- 2 6 5  
.268 
.271 
.275 
- 2 7 8  
.282 
.286 
- 2 9 0  
- 2 9 5  
- 2 9 9  
- 3 0 4  
.309 
- 3 1 5  
- 3 2 0  
- 3 2 6  
.332 
.336 
. 3 4 7  
.355 
. 3 6 3  
- 3 7 2  
- 3 8 2  
.393 
.405 
- 4 1 8  
- 4 2 7  
- 4 5 1  
.471 
-4 96 
.526 
- 5 6 7  
.bo2 

- 2 2 8  

- 7 7 0  

VENT 
R A D I U S  
( F E E T )  

1.815 
1.814 
I. 812 
1.811 
1.808 
1.808 
1.806 
1.805 
1.792 
I. 800 

1.797 
I. 796 
1.794 
1.793 
1.791 
1.790 
1.788 
1.780 

1.783 
1.781 
1.780 
1.778 
1.777 

1.773 
1.772 
1.769 
1.768 
1.766 
1.764 

1.761 
1.759 

1.756 
1.764 

1. 750 
I .  748 
I .  7 4 6  
1.744 
I .  742 
1.740 

1 .743 
1.731 
1.728 
1.124 
1.720 
1.714 
1.725 
1.685 

1.799 

1.784 

1.775 

1.763 

1. 7 5 n  

1.751 

1.737 



TABLE I V B  

I n i t i a l  temperature  = 5954"R, p r e s s u r e  = 175 A t m ,  mass = 571,500 l b s ,  f r i c t i o n  f a c t o r  = 0.015. 
Time = 4 min 

DISTANCE WALL GAS GAS SOUNO GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUMBER NuneEu RADIUS 

( F E E T )  (OEG R I  (OEG R l  ( F T / S E C I  ( F T / S E C I  t L B / F T  SO1 I FEET 1 



TABLE VA 

Time  V a r i a t i o n  of V e n t  Hole E n t r a n c e  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere C o n d i t i o n s  of:  

Temperature = 5954"R, Pressure = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.075. 

T I M E  PRESSURE TEMPERATURE VELOC 1TY WALL TEMP SOUND VEL MASS MlN .  MASS 
( M l N )  I PUUNOSISOUARE F O O T )  (DEGREES HI ( F E E T / S E C I  (OEG R )  I F E E T / S E C )  FLOW R A D I U S  VENTED 

I L B / S E C )  ( F E E T )  ( 0 1 0 )  ........................... ----------- -------------- -------------- 
SPHERE I N L E T  O U I L E T  SPHERE I N L E T  OUTLET  I N L E T  OUTLET I N L E T  OUTLET  I N L E T  OUTLET  



TABLE VA (Cont.) 

T I M E  PRESSURE TEMPERATURE V E L O C I T Y  MALL TEMP SOUND VEL MASS MIN .  MASS 
IWINJ 1 POUNOS/SOUARE FOOT) lOEGREES R )  I F E E T I S E C )  I O E G  R I  ( F E E T I S E C )  FLOW R A D I U S  VENTED 

( L B / S E C l  ( F E E T 1  ( 0 / 0 1  
_-_---____--______--------- _____________--_ ________ ______________ _A_----__---- 

SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE VA (Cont.) 

TIME PRESSUAk TEMPERATURE VELOCITY WALL TEMP SOUND VEL MASS MIN. MASS 
( M I k )  POUNDSISOUARE FOOT) (DEGREES UJ IFEET/SECI  ( F E E T I S E C I  FLOY RADIUS VENTED (DEG R )  

ILB/SEC)  (FEET)  I O / U )  -------------- 
SPHERE INLET OUTLET SPHERE I N L E T  JUTLET I N L E T  OUTLET INLET OUTLET INLET OUTLET 



TABLE VB 

S p a t i a l  V a r i a t i o n  of  Flow P r o p e r t i e s  f o r  I n i t i a l  Sphe re  Cond i t i ons  o f :  

Temperature  = 5954"R, P r e s s u r e  = 175 A t m ,  Mass = 571,500 l b s ,  F r i c t i o n  f a c t o r  = 0.075. 
Time = 0  min 

DISTANCE WALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUM8ER NUMBER R A D I U S  

( F t E T l  l 0 E G  R l  I D E G  R I  I F T / S E C I  I F T / S E C )  I L B / F T  S P )  I F E E T I  



TABLE VB (Cont.) 
I n i t i a l  temperature  = 5954"R, p r e s s u r e  = 175 A t m ,  mass = 571,500 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 2 min 

D I S T A N C E  WALL GAS GAS SOUND GAS REYNOLDS MACH ' VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS.  N U M 8 E I  NUMBER R A D I U S  

L F t E T l  LOEG R I  (DEG H I  ( F T I S E C I  ( F T / S E C I  t L B / F T  SQ) ( F E E T  



TABLE VB (Cont.) 
Initial temperature = 5954"R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 4 min 

D I S T A N C E  WALL GAS GAS SOUNO GAS R E Y N O L D S  MACH VENT 
U P  VENT TEMP. T t M P .  VEL.  VEL. P R E S S .  NUMBER N U n 8 E R  R A D I U S  

1 F t E T I  I O E G  R l  I D E G  R )  i F T / S E C l  I F T I S E C I  t L 8 I F T  SP) ( F E E T )  



TABLE VB (Cont.) 
Initial temperature = 5954"R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 6 min 

DISTANCE MALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUM8ER NUM8ER R A D I U S  

( F E E T )  ( D E G R J  ( D E G R )  I F I l S E C I  ( F T / S E C J  l L B / F T S P J  ( F E E T  I 



TABLE VB (Cont .) 

Initial temperature = 5954"R, pressure = 175 Atm, mass = 571,500 lbs, friction factor = 0.075. 
Time = 8 min 

O I S T A N C t  WALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUMBER NUMBER R A D I U S  

( F E E T )  I D E G  R )  IDEG H I  I F T / S E C I  I F l / S E C I  l L B / F T  SPJ I FEET 1 



TABLE V I A  
Time Var ia t ion  of Vent Hole Entrance and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  of:  

Temperature = 4500°R, Pressure  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.015. 

T IME PRESSURE 
I M l N )  ( POUNOS/SQUARE FOOT1 

TEMPERATUIE 
(DEGREES R )  

VELOCITY 
( F E E T l Z E C )  

SOUND VEL 
I F E E T I S E C )  

MASS WIN. MASS 
FLOW RADIUSVENTEO 

ILB/SECJ IFEETJ ( 0 / 0 J  .......................... _ _ _ _ _ _ . _ _ _ _ _ _  _ _ _ _ _ _ _ _  _______--_---- -------------- 
SPHERE INLET OUTLET SPHERE I N L E T  OUTLET ~ M E T  OUTLET INLET OUTLET INLET OUTLET 



TABLE V I A  (Cont .) 

T I M E  
( Y I H I  

PRESSURE TEMPERATURE VELOCITY WALL TEMP SOUND VEL MASS MIN.  MASS 
(POUNOS/SPUARE FOOT) (DEGREES R I  ( F E E T I S E C )  (OEG R I  I F E E T I S E C I  FLOY RADIUS VENTED 

( L B I S E C I  ( F E E T )  ( 0 / 0 1  ......................... ------------ ---------- ------------- -------------- 
SPHERE I N L E T  OUTLET SPHERE I M L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE V I B  

S p a t i a l  V a r i a t i o n  of Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  o f :  

Temperature = 4500°R, P r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.015. 
Time = 0 min 

0 1  STANCE HALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUMBER NUMBER RADIUS 

(FEET1 (OEG RJ ( O E C  R t  (FT /SEC)  (FT /SECt  ( L 8 / F T  SO1 I FEET J 



TABLE V I B  (Cont.) 

I n i t i a l  temperature  = 4500°R, p r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  f r i c t i o n  f a c t o r  = 0.015. 
Time = 2 min 

DISTANCE WALL GAS GAS SOUNO GAS REVNOLOS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUNBER NUMBER RADIUS 

I F E E T I  IOEG R l  IOEG R )  I F T / S E C )  I F T / S E C )  ( L B I F T  SQ) [ F E E T )  



TABLE V I B  (Cont.) 

I n i t i a l  t e m p e r a t u r e  = 4500°R, p r e s s u r e  = 490 A t m ,  mass = 1,519,000 l b s ,  f r i c t i o n  f a c t o r  = 0.015. 
Time = 4 min 

DISTANCE WALL GAS GAS SOW0 GAS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUM8ER NUM8ER RADIUS 

( F E E T )  IDEG RJ IOEG R I  I F T / S E C )  I F T l S E C )  l L B / F T  SOI I FEET ) 



TABLE V I I A  

Time V a r i a t i o n  of  Vent Hole E n t r a n c e  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere  Cond i t i ons  of: 
Temperature = 4500°R, P r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.075. 

TIME PRESSURE TEMPERATURE VELOCITY WALL TEMP MASS MEN. MASS SOUND VEL 
I M l N )  LPOUNOS/SQUARE FOOT) (DEGREES R I  I F E E T I S E C I  lOEG R )  ( F E E T I S E C I  FLOW RADIUS VENTED 

( L B I S F C I  ( F E E T )  1 0 1 0 1  ------------ ----------- -------------- -------------- 
SPHERE INLET OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E l  OUTLET INLET OUTLET 



TABLE V I I A  (Cont.) 

TIME PRESSURE TEMPERATIBE VELOC I T V  HALL TEMP SOUND VEL MASS MlN.  MASS 
( M I N I  (POUHOSISOUARE FOOT) (DEGREES R )  I F E E T I S E C I  lOEG R )  I F E E T I S E C )  FLOW RADIUS VENTED 

( L B I S E C )  ( F E E T I  ( 0 1 0 )  .......................... _____--_____-- __________ ________----- -------------- 
SPHERE I N L E T  OUTLET SPHERE [ W E T  OUT&ET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUrLET 



TABLE VIIA (Cont .) 

TIME 
( M I N 1  

PRESSURE TEMPERATIRE WALL TEMP SOUND VEL MASS VELOCI IY  # IN.  MASS 
IPOUNOS/SOUARE FOOT) (DEGREES R 1 (FEET/SEC) O E 6  R )  tFEETISEC.1 FLOY RAOIUSVENTED 

tLBISEC1 (FEET1 (0/0) ....................... ----------- ------ ------------- -------------- 
SPHERE INLET OUTLET SPHERE I m E T  OUTLET INLET OUTLET INLET OUTLET INLET OUTLET 



TABLE V I I B  

S p a t i a l  V a r i a t i o n  of  Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere  C o n d i t i o n s  o f :  
Tempera ture  = 450OoR, P r e s s u r e  = 490 A t m ,  Mass = 1,519 ,000  l b s ,  F r i c t i o n  f a c t o r  = 0.075. 
Time = 0  min 

DISTANCE WALL GAS GAS SOW40 GAS REVNOLOS MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NURBER NUYBER RADIUS 

( F E E T )  I O E C  R )  (OEG R 1  ( F T I S E C )  ( F T I S E C I  t L 8 I F T  5 9 1  I F E E 7  I 



Initial temperature = 

Time = 2 min 

TABLE VIIB (Cont.) 
4500°R, pressure = 490 Atm, mass = 1,519,000 Ibs, friction factor - 0.075. 

DISTANCE 
UP VENT 

( F E E T I  

WALL 
TEMP. 

(OEG R )  

GAS 
TEMP. 

(OEG R )  

GAS SOUND GAS RE~NOLDS 
VEL. VEL. PRESS. NUIIBER 

( F T I S E C )  ( F T / S E C )  ( L I I F T  59)  

VENT 
RADIUS 
( F E E T )  



TABLE VIIB (Cont.) 
Initial temperature = 450OoR, pressure = 490 Atm, mass = 1,519,000 lbs, friction factor = 0.075. 
Time = 4 min 

0 l STANCE 
UP VENT 

( F E E T I  

WALL 
TEMP. 

(OEG R I  

GAS 
TEMP. 

(OEG It) 

GAS SOUND GAS REYNMDS 
VEL. VEL. PRESS. NUMBER 

l F T l S E C l  ( F T l S E C I  ( L B I F T  SQ) 

MACH 
NUMBER 

VENT 
RADIUS 
( F E E T  I 



TABLE V I I B  (Cont .) 

Initial temperature = 4500°R, pressure = 490 Atm, mass = 1,519,000 lbs, friction factor = 0.075. 
Time = 6 min 

DISTANCE WALL GAS GAS SOUND 6AS REYNOLDS MACH VENT 
UP VENT TEMP. TEMP. VEL. V U .  PRESS. NUMBER NUqBER RADIUS 

( F E E T I  (DEG R I  (OEG RJ I F T / S E C )  ( F T / S E C I  I L B / F T  SO1 ( F E E T I  



TABLE V I I B  (Cont . ) 
I n i t i a l  temperature  = 4500°R, p r e s s u r e  = 490 A t m ,  mass = 1,519,000 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 8 min 

DISTANCE WALL GAS GAS SOUND GAS REVNOLM MACH VENT 
UP VENT TEMP. TEMP. VEL. VEL. PRESS. NUMBER NUM8ER R A D I U S  

( F E E T I  (DEG R l  (OEG R )  ( F T I S E C I  (FT/SECI  ( L A I F T  SO) ( F E E 7  I 



TABLE V I I I A  

Time V a r i a t i o n  of Vent Hole Entrance  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  of :  

Temperature = 6271°R, P r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.015. 

T IMP PRESSURE TEMPERATURE VELOCITY  WALL TEMP SOUND VEL MASS U I N .  MASS 
( M I N I  ( POUNOS/SQUAR E FOOT I (DEGREES R l  l F E E T / S E C l  IOEG R )  i F E E T / S E C )  FLOW R A D I U S  VENTED 

l L d / S t C I  ( F E E T )  ( 0 / 0 )  ........................... ...................... ------------- -------------- -------------- 
SPHERE I N L E T  O U T L t T  SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE V I I I B  

S p a t i a l  V a r i a t i o n  of Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  o f :  

Temperature = 6271°R, P r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.015. 
Time = 0  min 

DISTANCE WALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
UP VFNT TEMP. TEMP. VEL. VEL.  PRESS. NUMBER NUMBER R A D I U S  

I F F F T )  I O E G  R l  (OEG R I  I F T t S E C I  I F T / S E C I  ( L B / F T  S Q I  I FEET I 



TABLE VIIIB (Cont.) 

Initial temperature = 6271°R, pressure = 490 Atm, mass = 1,519,000 lbs, friction factor = 0.015. 
Time = 2 min 

D I S T A N C E  WALL GAS GAS SOUNC GAS REYNOL OS MACH VENT 
U P  V E N T  TEMP. TEMP.  V E L .  V E L .  PRESS.  NUMBER NUMBER R A D I U S  

I F E E T )  (OEG R l  I D E G  R )  I F T / S E C )  I F T / S E C I  I L B I F T  S Q )  I F E E T  I 



TABLE I X A  
Time V a r i a t i o n  of Vent Hole E n t r a n c e  and E x i t  P r o p e r t i e s  f o r  I n i t i a l  Sphe re  C o n d i t i o n s  o f :  

Temperature  = 6271°R, P r e s s u r e  = 490 Atm, Mass = 1,519 ,000  l b s ,  F r i c t i o n  f a c t o r  = 0.075. 

T I M E  PRESSURE 
( M I N )  I POUNOS/SQUARE FOOT l 

TEWPERdTURE 
(DEGREES R )  

VELOCITY  WALL TEMP MASS H I N .  MASS SOUND VEL 
I F E E T / S E C )  I D E G  R )  ( F E E T / S E C )  FLOW R A D I U S  VENTED 

I L B I S E C )  ( F E E T )  ( 0 1 0 )  
-----------------_--------- ___________________-_- _ _ _ _ _ _ _ _ _ _ _ _ _  __------------ -------------- 

SPHERE I N L E T  OUTLET SPHERE INLEI OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE I X A  (Cont .) 

PRESSURE 
I POUNOSISUUAR E M O T  I 

TEMPERITURE 
(DEGREES R I  

VELOCITY  WALL TEMP SOUND VEL MASS M I N .  MASS 
( F E E T I S E C I  lDEG R l  1 F E E T / S E C I  FLOW R A D I U S  VENTED 

I L B I S E C I  ( F E E T )  1 0 / 0 1  ...................... ------------- ------------- -------------- 
SPHERE I N L E T  OUTLET SPHERE I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET I N L E T  OUTLET 



TABLE IXB 

S p a t i a l  V a r i a t i o n  of  Flow P r o p e r t i e s  f o r  I n i t i a l  Sphere Condi t ions  o f :  

Temperature = 6271°R, P r e s s u r e  = 490 A t m ,  Mass = 1,519,000 l b s ,  F r i c t i o n  f a c t o r  = 0.075. 
Time = 0 min 

ClSTANCE MALL GAS GAS SOUND GAS REYNOLDS MACH VENT 
L P  VENT TEMP. TEMP. VEL.  VEL .  PRESS. NUMBER NUMBER R A O I U S  

( F E E T )  (OEG R )  (OEG R I  ( F T / S € C l  ( F T / S E C )  i L B / F T  SO) I F E E T )  



TABLE IXB (Cont.) 

I n i t i a l  t empera tu re  = 6271°R, p r e s s u r e  = 490 A t m ,  mass = 1,519,000 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 2 min 

CISTANCE 
UP VENT 

( F E E T 1  

MALL 
TEMP. 

( D E G  R l  

1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1S33.5 
1933.5 
1533.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1973.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1533.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.'> 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 
1933.5 

GAS 
TEMP. 

I D E G  R l  

5073.7 
5070.9 
5068.2 
5065.5 
5062.6 
5060.0 
5057.1 
5054.4 
5051.5 
5048.6 
5045.8 
5043.0 
5040.3 
5037.4 
5034.6 
5031.6 
5029.0 
5025.9 
5023.1 
5020.1 
5017.2 
5014.5 
5011.4 
5008.4 
5005.3 
5002.5 
4999.4 
4996.3 
4993.1 
4990.0 
4986.8 
4583.6 
4980.3 
4977.2 
4973.6 
4970.3 
4966.6 
4963.1 
4959.2 
4955.2 
4951.1 
4946.9 
4942.3 
4937.5 
4932.5 
4925.6 
4920.3 
4913.1 
4904.7 
4894.0 
4880. 3 
4862.1 
4826.4 
4709.5 

GAS SOUND 
VEL.  VEL .  

I F T / S E C I  ( F T / S E C l  

GAS 
PRESS. 

( L B / F T  S P I  

REYNOLDS 
NUMBER 

MACH 
NUn8ER 

.I29 

.I30 

.I32 

.I33 

.I34 
-135 
-137 
.I38 
.140 
-141 
-142 
-144 
-146 
-147 
-149 
.151 
.I53 
.I55 
.I57 
.159 
.I61 
.I63 
-165 
-168 
-170 
.I73 
.I76 
.I79 
.182 
,185 
.I88 
-192 
-196 
.200 
.204 
.209 
.214 
-220 
.225 
-231 
,738 
.246 
.254 
.263 
.274 
.28h 
.300 
.316 
,336 
.361 
.393 
.42h 
.514 
-731 

VENT 
R A D I U S  
( F E E T  I 

2.610 
2.608 
2 -607 
2.606 
2.604 
2.603 
2.596 
2.599 
2.598 
2.597 
2.596 
2.594 
2.593 
2.592 
2.590 
2.589 
2.587 
2.586 
2.585 
2.584 
2.582 
2.581 
2.578 
2.578 
2.576 
2.575 
2.573 
2.572 
2 -570 
2.565 
2.568 
2.566 
2.565 
2.563 
2.562 
2.561 
2.559 
2.553 
2.555 
2.554 
2.552 
2.550 
2.545 
2.547 
2.545 
2.543 
2 -541 
2.539 
2.534 
2.532 
2.527 
2.550 
2.511 
1.476 



TABLE IXB (Cont.) 

I n i t i a l  temperature  = 627'1°R, p r e s s u r e  = 490 A t m ,  mass = 1,519,000 l b s ,  f r i c t i o n  f a c t o r  = 0.075. 
Time = 4 min 

0 I S T A N C E  MALL GAS GAS S O U h D  GAS REYNOLDS MACH V E N T  
LP V F N T  TEMP. TEMP.  V E L .  V E L .  P R E S S .  N U N B E R  NUMBER R A D I U S  

I F E E T I  ( O E G  R l  I O E G  R )  I F T / S E C I  I F T / S E C )  I L B C F T  S Q I  ( F E E T I  



APPENDIX 

M a t e r i a l  P r o p e r t i e s  



MATERIAL PROPERTIES 

Gas - 
The numerical value of R can be calculated d i r ec t l y  from the  two s e t s  

of given input data: 

and 

s  - 98.96 ( l b ~ - f t / l b ~ - ~ ~ )  , Case I: R = - -  
P sTs 

case 11: R = 104.34 (1bs - f t / lbm-"~)  . 

The discrepancy between these  two values of R i s  not very g rea t  and 

may be ascribed t o  t h e  lack of ce r ta in ty  i n  t he  given data.  Therefore, a  

reasonable value f o r  R t o  be used i n  the  calculat ions i s  t he  mean of '  these  

two, namely, 

For an i dea l  gas, it i s  a l so  known tha t  

m. 
molecular weight = (Ah)  

where m. i s  t h e  universal  gas constant, equal t o  1545 (lbs-ft/lbm-'~-mol w t ) .  

The calculated molecular weight i s ,  using R from equation ( ~ 3 ) ,  



Using t h i s  molecular weight f o r  t h e  e n t i r e  mixture, t h e  mean molecular weight 

of t h e  5.5 weight percent  of 0,  NO,  and H ca l cu la t e s  t o  2.839 which must be 

predominately hydrogen. I n  f a c t ,  i f  only hydrogen and oxygen make up t h e  5.5 

weight percent ,  t h e  r a t i o  i s  87.8 atom percent  hydrogen and 12.2 atom percent  

oxygen; and f o r  hydrogen and NO only,  t h e  r a t i o  i s  93.7 atom percent  hydrogen 

and 6.3 atom percent  NO. A mean of  t h e s e  two extremes has been chosen which, 

when combined with t h e  o the r  given cons t i t uen t s ,  gives a gas composition as  

f o l l m s  : 

Const i tuent  

H2° 

co 

Weight Percent  

3 4 

29 

1 7  

6 

5 

2 .3  

2.0 

1.8 

1 . 5  

1 . 4  

Mole Frac t ion  

0.2849 

0.1563 

0.0583 

0.0533 

0.0269 

0.0217 

0.0094 

0.2697 

0.1123 

0.0070 

Using t h e  published d a t a  ava i l ab le  f o r  t h e  various cons t i t uen t s ,  values of  

t h e  s p e c i f i c  h e a t ,  C and t h e  s p e c i f i c  hea t  r a t i o ,  y ,  were computed by means 
P' 

of  a weighting equal  t o  t h e  mole f r a c t i o n .  The values obtained a r e  given i n  

t h e  following t a b l e .  



Temperature (OR) 
c ( B T U / ~ ~  - O R )  

m Y 

I n  view of t h e  uncer t a in t i e s  i n  t h e  da ta ,  it was f e l t  t h a t  R ,  C , and 
P 

y could be represented by constants  over t h e  e n t i r e  temperature range. The 

values chosen were 

However, t h e  high mole f r a c t i o n  of atomic hydrogen (0.2697) d id  not 

appear very probable. Consequently, a second poss ib le  composition was 

ca lcula ted  i n  which no atomic hydrogen was present .  Repeating t h e  cal- 

cula t ions  given above with e q u d  masses of NO and 0 being t h e  only con- 

t r i b u t o r s  t o  the  5.5  weight percent ,  t h e  r e s u l t s  were as follows. 



Constituent Weight Percent Mole Fraction 

H2° 34 
0.3843 

co 29 0.2108 

From t h i s  composition, the  mean molecular weight was calculated t o  be 

20.367. Using t h i s  molecular weight, t h e  gas constant ,  R ,  was calculated 

f r a n  equation (A?)  as 75.87 (lbs-ft/lbm-OR). C and y were calculated a lso:  
P 

Temperature ( OR ) 

5 40 

900 

1440 

1800 

2700 

3600 

4500 



As before,  R ,  C and y were assumed constant ,  t h e  values se lec ted  
p Y  

being 

and 

y = 1.30 . ( ~ 7 c )  

Both s e t s  of va lues ,  equations (A6a, b ,  and c )  and A7a, b y  and c )  , were 

used i n  ca lcula t ing  t h e  flow from t h e  spher ica l  cavi ty .  

From the  published da ta  f o r  the  cons t i tuent  gases ,  an est imate was made 

of t h e  v i scos i ty  as a  function of temperature: 

where T i s  i n  degrees Rankine. 

Ground 

Although common s a l t  (sodium chlor ide)  i s  q u i t e  p l e n t i f u l ,  it was 

su rp r i s ing  t h a t  so  l i t t l e  information was ava i l ab le  i n  t h e  l i t e r a t u r e  on 

i t s  thermodynamic p roper t i e s .  By combining the  l i t t l e  da ta  t h e r e  were with 

a va r i e ty  of approximate r e l a t ionsh ips ,  t h e  values l i s t e d  below were obtained 

f o r  s o l i d  sodium chloride.  



S p e c i f i c  Heat 
Densi ty  ( constant  p re s s .  ) 

Thermal 
Temp 

3 ( B T U / ~ ~  -OR 
Conductivity 

(OR) ( l b s / f t  ) m ( B ~ ~ / f t - s e c - O R )  - 

The mel t ing  p o i n t  i s  given a s  1932OR and t h e  hea t  of fus ion  as 206.0 

(BTu/lbm). The va lue  of s p e c i f i c  h e a t  was chosen as 0.240 ( B T U / ~ ~ ~ - ~ R ) ,  

t h e  dens i ty  a s  125.0 ( l b m / f t 3 ) ,  t h e  thermal  conduct iv i ty  as  0.0005 

( ~ T ~ / f ' t - s e c - ~ ~ ) ,  and t h e  thermal  d i f f u s i v i t y  as  0.0000167 ( f t 2 / s e c )  . 

I r o n  Tube 

The values f o r  i r o n  a r e  r e a d i l y  ava i l ab l e .  The values used i n  t h e  

3 
c a l c u l a t i o n  he re  a r e  a dens i ty  of 490.0 ( l b m / f t  , a s p e c i f i c  hea t  of 0.11 

( B T U / ~ ~ ~ ) ,  and a h e a t  of  fus ion  of 117.0 ( B T U / ~ ~ ~ ) .  
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