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ABS TRACT 

This repor t  p resents  the results of injecting t r a c e  gases  into 
sys tems by various methods. The p r imary  objective was to measu re  and 
evaluate the dispers ion and diffusion of the t race  gases  (freon and helium) 
in var ious sys tems.  

One s e r i e s  of tes t s  utilized a f r eon /a i r  mixture  of 1 percent  by 
volume. 
techniques utilized. 
sys t em that consisted of spheres  and tubing with sampling ports a t  
f ive locations. 
modes did not produce the des i red  uniform mixture of f reon  and air; however, 
the f r e o n / a i r  p remix  injector  did produce suitable mixing and distribution. 
The second s e r i e s  of tes t s  utilized a hel ium/air  mixture  of 10 percent  by 
volume. The helium slug injection technique was tes ted on the s a m e  non- 
specific sys t em and found incapable of producing uniform mixtures .  The 
third s e r i e s  of tes t s  utilized a he l ium/a i r  mixture of 10 percent  by volume 
i n  a l a rge  cylinder. 
found acceptable when injected at the beginning of the pressurizat ion cycle. 

Slug injection and the f reon/a i r  p remix  injector  were the inser t ion 
The f reon  diffusion t e s t s  utilized a nonspecific 

Results of the tes ts  indicated that the various slug injection 

The helium slug injection technique was tes ted and 

NASA - GEORGE C. MARSHALL SPACE FLIGHT CENTER 



NASA - G E O R G E  C. MARSHALL S P A C E  F L I G H T  C E N T E R  

T E C H N I C A L  MEMORANDUM T M  X-  53742 

DIFFUSION OF T R A C E  GASES F O R  L E A K  D E T E C T I O N  
I N  A E R O S P A C E  S Y S T E M S  

James L. B r o w n  

TEST RESEARCH S E C T I O N  
A P P L I E D  TECHNOLOGY BRANCH 

A N A L Y T I C A L  OPERATIONS DIVISION 
C ' J A L I T Y  AND R E L I A B I L I T Y  ASSURANCE L A B O R A T O R Y  



Section Page 

I 

SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

I1 FREONDIFFUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

A . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
B . Description of Tes t  Setup . . . . . . . . . . . . . . . . . . . . .  2 
C . Data for  Various Injection Modes . . . . . . . . . . . . . . .  4 
D . Freon  Diffusion Character is t ics  . . . . . . . . . . . . . . . .  7 
E . Conclusions - Freon  Diffusion . . . . . . . . . . . . . . . . .  11 

I11 HELIUM DIFFUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 

A . Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
B . Description of Tes t  Setup . . . . . . . . . . . . . . . . . . . .  12 
C . Data fo r  Various Injection Modes . . . . . . . . . . . . . . .  12 

1 . Fiberg lass  Sphere System . . . . . . . . . . . . . . . . . .  12 
2 . Lox Tank System . . . . . . . . . . . . . . . . . . . . . . .  20 

D . Helium Diffusion Character is t ics  . . . . . . . . . . . . . . .  20 
E . Conclusions - Helium Diffusion . . . . . . . . . . . . . . . .  23 

IV GENERAL CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . .  24 

iii 



LIST OF ILLUSTRATIONS 

Figure  Page 

1 
2 

3 

4 

5 

6 

7 
8 
9 

10 

11 

12 

13 

14 

Sphere T e s t  Setup - F r e o n  Diffusion . . . . . . . . . . . . . . . . . 
Tes t  Results - F r e o n  Slug Inserted a t  Beginning of 
Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . , . . 
T e s t  Results - F r e o n  Slug Inser ted a t  Midpoint of 
Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . , . . 
Test  Results - F r e o n  Slug Inser ted a t  End of 
Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Test  Results - Freon  Slug Inser ted a t  Beginning and 
End of Pressur iza t ion  Cycle. . . . . . . . . . . . . . . . . . . . , . . 
T e s t  Results - Pressur iza t ion  by P remixed  1 Pe rcen t  
F reon /Ai r  Mixture . . . . . . . . . , . , . . . . . . . . . . . . . . . . 
Sphere Tes t  Setup - Helium Diffusion . . . . . . . . . . . . . . . . 
Lox Tank Tes t  Setup - Helium Diffusion. . . . . . . . . . . . . . . 
Tes t  Results - Helium Slug Inser ted a t  Beginning 
of Pressur iza t ion  Cycle. . . . . . . . . . . . . . . . . . . . . . . . . . 
Test  Results - Helium Slug Inser ted at  Midpoint 
of Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . . 
Tes t  Results - Helium Slug Inser ted a t  End of 
Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . 
T e s t  Results - Helium Slug Inser ted a t  Beginning 
and End of Pressur iza t ion  Cycle .  . . . . . . . . . . . . . . . . . . . 
T e s t  Results - Helium Slug Inser ted a t  Beginning 
of Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . . 
T e s t  Results - Helium Slug Inser ted a t  End of 
Pressur iza t ion  Cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3 

5 

6 

8 

9 

10 
1 3  
14 

15 

17 

18 

19 

21 

22 

i v  



TECHNICAL MEMORANDUM TM x-53742 

DIFFUSION O F  TRACE GASES FOR LEAK DETECTION 
IN AEROSPACE SYSTEMS 

SUMMARY 

Various leak detection techniques a r e  used when searching fo r  
leaks in aerospace sys tems.  
injector techniques were the insertion techniques utilized for  freon; 
the slug injection technique was utilized for  helium. 
taken of the actual dispers ion a d  diffusion of f reon and helium in the 
various sys tems.  

Slug injection and the f r zon /a i r  premix 

Measurements we re  

One s e r i e s  of tes t s  utilized a freon and air mixture  of 1 percent 

Slug injection and the 
by volume in a nonspecific 
and tubing with sampling ports  a t  f ive locations. 
f r e o n / a i r  premix injector were the insertion techniques utilized. 
of these t e s t s  indicated that the various slug injection modes did not 
produce the des i red  uniform mixture  of f reon and air; however, the 
f r e o n / a i r  premix injector technique did produce suitable mixing and 
distribution. 

system that consisted of spheres  

Results 

The second s e r i e s  of tes t s  utilized a helium and air mixture  of 

The helium slug injection technique was used and found incapable 
10 percent  by volume in  the same nonspecific sys t em utilized in  the freon 
tes t s .  
of producing uniform mixtures .  

The third s e r i e s  of tes t s  utilized a hel ium and air mixture of 10 
percent  by volume in a large cylinder. The helium slug injection tech- 
nique was tested and found acceptable when injected a t  the beginning of 
the pressur iza t ion  cycle. 

The resu l t s  of these tes t s  indicate that the diffusion of f reon and 
helium does not occur  as predicted. 
the diffusion of hel ium o r  f reon in the slug injection mode cannot be relied 
upon to obtain a sa t i s fac tory  uniform distribution of the leak detection 
media in  a sys tem consisting of tubing and volumes; however, a proper  
leak detection media can be obtained by premixing the t r ace  gas  and a i r  
n d n y  r- *v-  tc! izsertis. i~ the system-. IE large open sys tems.  such as a booster 
lox tank, the required f r eon /a i r  o r  hel ium/air  mixture  can be obtained 
sa t i s fac tor i ly  e i ther  by careful slug injection o r  by premixing the gases .  

The sphere  t e s t  resul ts  indicated that 



SECTION I. INTRODUCTION 

Various leak detection techniques a r e  used when searching fo r  leaks 
in  aerospace  pneumatic sys tems.  
of Freon-22  (CHC1F2) o r  helium (U.S. Bureau of Mines, Grade A)  into the 
sys t em to be tested and location of leaks with detection devices such as the 
General  Electr ic  H-2 halogen detector  which senses  f reon,  the Uson leak 
detector  which senses  various t r a c e  gases  but is mos t  efficient with hel ium, 
o r  a helium mass  spec t rometer .  
the cost  unless maximum sensit ivity is required.  
detection would normally specify f r eon  o r  hel ium concentrations in  air o r  
GN2 ranging f rom 1 to 10 percent  by volume. The method of inserting the 
t r a c e  gas  into a sys tem under tes t  is usually slug injection, i. e . ,  a t  some  
point o r  points during the pressurizat ion cycle, a specific amount o r  slug 
of pu re  t r ace  g a s  is inser ted  in the system. Theoretically,  the t r ace  gas  
diffuses throughout the sys tem,  resulting in a uniform mixture  of known 
(by c a lc u la t i on) c on c en t ration . 

One common technique is the injection 

P u r e  f reon  o r  helium is seldom used due to 
Good pract ice  in leak 

This program was an  experimental  measurement  of the actual  
dispers ion and diffusion of helium o r  f reon  in var ious sys t ems .  
a r e  reported separately with Section I1 covering the f reon  diffusion; Section 
111, the helium diffusion; and Section IV presenting gene ra l  conclusions. 

The resu l t s  

SECTION 11. FREON DIFFUSION 

A .  INTRODUCTION 

A freon concentration in  air of 1 percent  by volume was used 
in this project since this concentration is widely used i n  leak detection. 
Two methods of f reon inser t ion were  utilized, i. e . ,  slug injection and 
premixing freon and air. 
s is ted of spheres  and tubing (approximately 1 2  cubic feet)  with sampling 
por t s  a t  five locations (figure 1) .  
drawn f rom all ports  a t  regular  intervals  and analyzed with a mass spec t rom-  
e t e r  to determine the concentration of f reon a t  each location. 

The tes t  utilized a nonspecific sys t em that con- 

After filling this sys t em,  samples  were  

B. DESCRIPTION O F  TEST SETUP 

A residual  gas  ana lyzer ,  C .E.  C. Model 21-614, with a 
capi l lary continuous inlet sys tem,  was used to de t e rmine  the percent  of 
f r eon  in  samples drawn f rom the sys tem.  The sensi t ivi ty  was approximately 

2 

a 
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Figure  1 .  Sphere Test  Setup - F r e o n  Diffusion 
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200 chart divisions pe r  percent  freon. F ive  minute samples  were  taken a t  
all f ive ports,  1 through 5 in  succession, a t  0 ,  1, 2 ,  4,  and 24 hours  a f t e r  
pressurizing the system. 
air fo r  5 minutes a f te r  each sampling period. 

The sample  lines were  purged with miss i le  grade  
The sensit ivity of the residual  

g a s  analyzer was determined before  and a f t e r  each sample  group was taken. r' 

The premixing of the f reon  and air was accomplished with the F r e o n  
Injector  which was developed b y  Astro-Space Laborator ies  on a contract  c 

f r o m  the Methods Research  Section, R-QUAL-ATR (evaluated in  Internal Note, 
IN- R - QUA L- 6 6 - 5 2) .  

The complete tes t  setup shown in f igure 1 is not a simulation of a 
specific flight sys tem,  but is ,a nonspecific model consisting of moderately 
la rge  volumes connected by tubing, i. e. , four  s e t s  of th ree  interconnected 
sphe res  fo r  a total volume of 12 cubic feet  with five sampling positions o r  
ports .  
detection requirements.  

This setup is representat ive of aerospace  sys t ems  with respec t  to  leak 

C. DATA FOR VARIOUS INJECTION MODES 

Figure  2 shows the f reon  distribution as percent  f reon  ve r sus  
port  number (1 through 5) of a f r eon /a i r  mixture.  This mixture  was obtained 
by s tar t ing with a purged sys t em a t  one a tmosphere ,  p ressur iz ing  to 1 . 4  
psig with 100 percent  f reon,  and finally pressur iz ing  to 125 psig with miss i le  
grade  air. If uniformly mixed, this would produce a 1 percent  f r e o n / a i r  
mixture  as shown by par t ia l  p ressures .  The theoret ical  cylinder shown 
beneath the graph shows the location of the f reon  slug i f  no diffusion o r  
mixing occurs.  The curves  show the actual  distributions measured  a t  
intervals  of 1, 2 ,  4, and 24 hours  a f te r  filling. 
2 hours  a f t e r  fill shows that no t r ace  gas  was present  a t  por t s  1 ,  2, 3 ,  and 4. 

The distribution a t  1 and 

Figure 3 shows the f reon  distribution i n  a f r e o n / a i r  mixture  obtained 
by s tar t ing with a purged sys t em a t  one a tmosphere ,  p ressur iz ing  to 54. 0 
psig with miss i le  grade  a i r ,  adding 1.4 psid of 100 percent  f reon,  and finally 
pressurizing to 1 2 5  psig with missile grade  air .  If uniformly mixed, this 
would produce a 1 percent  f r e o n / a i r  mixture .  The theore t ica l  cylinder 
beneath the graph shows the location of the f reon  slug i f  no diffusion o r  
mixing occurs .  The curves  show the actual  distributions measured .  The 
distribution a t  0 ,  1 ,  2 ,  and 4 hours  a f te r  f i l l  shows that v e r y  l i t t le t r a c e  
gas  was present a t  por t s  1 and 5. 
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Figure  4 shows the f r eon  distribution i n  a f r e o n l a i r  mixture  obtained 
by start ing with a purged sys tem a t  one atmosphere,  pressurizing to 123. 6 
psig with miss i le  grade  a i r ,  and finally pressurizing to 125 psig with 1.4 psid 
of 100 percent freon. This would produce a 1 percent  f r eon /a i r  mixture if 
uniformly mixed. The theoretical  cylinder shows the location of the f r eon  
slug i f  no diffusion o r  mixing occurs.  
butions measured.  The distribution a t  1, 2 ,  4, and 24 hours  after f i l l  
shows that no t race  gas  was present  a t  ports 3 ,  4, and 5. 

9 The curves show the actual  dis t r i -  

4 

Figure  5 shows the f reon  distribution i n  a f r e o n / a i r  mixture  obtained 
by start ing with a purged sys tem at one atmosphere,  pressurizing to 3 . 7  
psig with 100 percent freon, pressurizing to 124. 3 psig with miss i le  grade  
a i r ,  and finally pressurizing to 125 psig with 0.7 psid of 100 percent  freon. 
This would produce a 1 percent f reon/a i r  mixture if  uniformly mixed. 
theoretical  cylinder shows the location of the freon slug if  no diffusion o r  
mixing occurs .  The curves show the actual distributions measured. The 
distribution on a l l  the curves  shows that very  little t r a c e  gas  was present  
a t  ports  2, 3 ,  and 4. 

The 

Figure  ,6 shows the freon distribution i n  a f r eon /a i r  mixture obtained 
by s tar t ing with a purged sys tem at one atmosphere and then pressurizing 
to 125 psig with a premixed 1 percent f r eon /a i r  mixture  supplied by the 
F reon  Injector.  The theoretical  cylinder shows the location of the premixed 
f r e o n / a i r .  The curves show the actual distributions measured.  The d is t r i -  
bution on all the curves shows that significant amounts of t race  gas were  
present  a t  all ports.  A flat  curve a t  the selected f r eon /a i r  percentage,  
with equal readings f r o m  a l l  por t s ,  could be obtained by venting the dead 
end of the tes t  sys tem until completely purged by the 1 percent mixture  
coming f r o m  the injector.  However, this mixture  must  be vented outside 
the tes t  a r e a  to prevent contamination of the tes t  a r e a  atmosphere with 
resul tant  loss  of detector  sensitivity. 

D. FREON DIFFUSION CHARACTERISTICS 

The diffusion patterns shown in  figures 2 through 5 were 
affected by the followving two factors:  

(1) The f i r s t  factor is the method of filling. The tes t  
spheres  were  filled through sample port  1. 
resulted in some mixing, but heavy concentrations 
of f reon were  evidenced in the a r e a  of the theoretical  

This 
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( 2 )  The second factor i s  that a t  70°F and 125 psig the freon 
is  operating near  a phase change. A moderate  drop in  
temperature  could result  in the temporary  liquefaction 
of some freon. 

* 
Theoretically, due to the open s t ructure  of gas ,  all constituents 

of a mixture of gases  will f i l l  the total volume independently of the other 
gases  present .  Thus,it was expected that the f reon  would diffuse rapidly 
throughout the sys tem and a uniform mixture would be present  a t  all the 
sampling ports  regard less  of how, where, o r  when during the pressurizing 
cycle the f reon  was inserted.  
of the data curves that i n  this tes t  the trace gas  did not follow the prediction. 

. 
.) 

It is obvious f r o m  the previous discussion 

A good example of the actual character is t ics  of Freon-22 is shown 
in figure 2. 
por t  5 but practically no f reon  a t  port  4. 
concentration a t  port  5 had dropped without showing an increase  a t  port 4. 
After 4 hour s ,  the heavy freon concentration a t  port  5 had dropped even 
fur ther  and the freon a t  port  4 had increased significantly but port  3 sti l l  
had pract ical ly  no freon. 
of the original heavy concentration. 
i nc rease  in f reon a t  port  4; however, no pract ical  amount of freon was 
found a t  po r t  3 .  A close look at figure 2 indicates that the freon was f i r s t  
concentrated in the dead end due to the filling procedure and then diffused 
throughout the three end spheres  during the f i r s t  few hours .  At 4 hours ,  
the f reon  had  begun to diffuse into the next set  of three spheres .  
sys t em had  remained pressur ized  for  a sufficiently long period, it i s  
expected that the freon would diffuse throughout the system. 

The 1 hour curve shows a heavy concentration of freon a t  
Af te r  2 hours ,  the heavy freon 

After 24 hours,  the f reon a t  port  5 was 68 percent 
The 24 hour curve a l so  shows a fur ther  

If the 

E. CONCLUSIONS - FREON DIFFUSION 

The various slug injection modes which were  tested in this 
p rogram,  do not produce the des i red  uniform mixture  of freon and air. 
The data  c lear ly  shows that the freon did not mix uniformly o r  d i sperse  
throughout the system. Much of the system had little o r  no freon while 
other  p a r t s  had well above the des i red  concentrations. 

Suitable mixing and distribution of the freon was obtained using 
the F r e o n  Injector.  This was to be expected since the injector premixes 
the f r eon  and air pr ior  to entering the system. Some dilution occurs  a t  
the dead end of the sys tem a s  a resu l t  of the a i r  i n  the sys tem being 
par t ia i iy  compressed  and only partially mixed with the pressurizing 1iiixtiii.e. 
This could be prevented by venting the dead end during fill. 

11 



SECTION 111. HELIUM DIFFUSION 

a. F igu re  9 shows the dis t r ibut ion as percent  hel ium 
I ver sus  por t  number (1 through 5) of a h e l i u m / a i r  mix ture .  This mixture  was 

A. INTRODUCTION 

A helium concentration in air of 10 percent  by volume was 
used in  this series of tes t s  s ince this concentration is widely used in l eak  
detection. 
the following two sys tems:  

The commonly used slug injection technique was utilized in  

(1) A nonspecific sys tem consisting of sphe res  and tubing 
(approximately 12 cubic feet)  with s a m p l h g  ports  a t  
five locations. (See figure 7. ) 

(2) A lox tank (approximately 1250 cubic feet)  with sampling 
ports  a t  six locations. (See figure 8. ) 

After filling the sys t ems ,  samples  were  drawn f r o m  all ports  a t  
regular  intervals and analyzed with a mass spec t romete r  to determine 
the concentration of hel ium a t  each location. 

B. DESCRIPTION OF TEST SETUP 

A residual  gas  analyzer ,  C. E .  C. Model 21-614, with a 
capi l lary continuous inlet  sys tem,  was used to de te rmine  the percent  of 
hel ium in  samples drawn f r o m  the system. 
mately 20 char t  divisions p e r  percent helium. The five minute samples  
were  taken at a l l  f ive por t s ,  1 through 5 in  succession,  a t  0 ,  1 ,  2 ,  4,  and 24 
hours  a f te r  pressurizing the system. 
missile grade air for  5 minutes a f te r  each sampling period. The sensit ivity 
of the residual gas  analyzer  was determined before  and a f t e r  each group of 
samples  was taken. 
same basic  equipment a s  the f reon  tes t  and is not a simulation of a specif ic  
flight s ys  tern. 

The sensit ivity was approxi- 

The sample  l ines were  purged with 

The complete tes t  setup shown in  figure 7 u ses  the 

The test  setup shown in  figure 8 is a n  S-I lox tank, 70 inches in  
d iameter  b y  50 feet  long, with a volume of approximately 1250 cubic fee t .  
Six sampling ports  are located as shown. 

C. DATA FOR VARIOUS INJECTION MODES 

1. F iberg lass  Sphere System. (See f igure 7. ) 
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AIR SUPPLY 

SAMPLE PORTS 
FIBERGLASS SPHERES SAMPLE PORTS 

(/J- - - 
MISSILE GRADE AIR SUPPLY P-- t 
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Figure  7. Sphere Tes t  Setup - Helium Diffusion 
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Figure  8. Lox Tank T e s t  Setup - Helium Diffusion 
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obtained by start ing with a purged sys t em a t  one atmosphere,  pressurizing 
to  14 psig with 100 percent  helium, and finally pressurizing to 125 psig 
with miss i le  grade  air. 
he l ium/a i r  mixture as shown by par t ia l  p re s su re .  The theoretical  cylinder 
shown beneath the graph shows the location of the hel ium slug i f  no diffusion 
o r  mixing occurs.  The curves  show the actual  distributions measured  a t  
intervals  of 0 ,  1,  2, 4, and 24 hours  a f te r  filling. The distribution a t  0 ,  
1, 2, and 4 hours a f te r  f i l l  shows that no t r ace  g a s  was present  a t  ports  
1 and 2. 

If uniformly mixed, this would produce a 10 percent  

b. F igure  10 shows the helium distribution in  a 
he l ium/a i r  mixture obtained by start ing with a purged sys t em a t  one 
atmosphere,  pressurizing to 48 psig with mis s i l e  grade  a i r ,  adding 14 
psidof 100 percent hel ium, and finally pressurizing to 125 psig with 
miss i le  grade air. If uniformly mixed, this would produce a 10 percent  
he l ium/a i r  mixture. 
the location of the helium slug if  no diffusion o r  mixing occurs .  
curves  show the actual  distributions measured .  The distribution a t  0 ,  1, 
2, and 4 hours  a f t e r  fill shows that no t r a c e  gas  was present  a t  ports  1 
and 5. 

The theoretical  cylinder beneath the graph shows 
The 

c. F igure  11 shows the hel ium distribution in  
a he l ium/a i r  mixture  obtained by start ing with a purged sys t em a t  one 
atmosphere,  pressurizing to 111 psig with missile g rade  a i r ,  and finally 
pressurizing to 125 psig with 14 psid of 100 percent  helium. If uniformly 
mixed, this would produce a 10 percent  he l ium/a i r  mixture .  The theoret ical  
cylinder shows the location of the helium slug if  no diffusion o r  mixing occurs .  
The curves  show the actual  distributions measured .  The distribution a t  
0 ,  1, 2 ,  4, and 24 hours  a f te r  f i l l  shows that no t r a c e  gas  was present  a t  
ports  3, 4, and 5. 

d. F igu re  12 shows the hel ium distribution in a 
he l ium/a i r  mixture obtained by start ing with a purged sys t em a t  one 
atmosphere,  pressurizing to 7 psig with 100 pe rcen t  hel ium, pressur iz ing  
to 118 psig with miss i le  grade  a i r ,  and finally pressur iz ing  to  125 psig 
with 7 psid of 100 percent  helium. If uniformly mixed,  this would produce 
a 10 percent  he l iumla i r  mixture.  
location of the helium slug i f  no diffusion o r  mixing occurs .  
show the actual distributions measured.  The distribution on all the cu rves  
shows that very little t r a c e  gas  was present  a t  po r t s  2 and 3. 

The theoret ical  cyl inder  shows the 
The curves  
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2. Lox Tank System. (See figure 8. ) 

a. F igure  13 shows the helium distribution i n  the 
lox tank as percent  helium versus  port  number (A through E) of a hel ium/ 

pressurizing to 2.47 psig with 100 percent helium, and then pressurizing 
to 10 psig with miss i le  grade air. 
a 10 percent he l ium/a i r  mixture.  
location of the helium slug i f  no diffusion o r  mixing occurs .  
show the actual distributions measured  a t  intervals  of 0 ,  1, 2, and 4 hours  
a f te r  filling. 
air mixture was present  a t  all ports .  

air mixture  obtained by start ing with a purged sys t em a t  one atmosphere,  I 

If uniformly mixed, this would produce 
The theoretical  cylinder shows the 0 

The curves 

The distribution on all the curves shows that a uniform hel ium/ 

b. F igure  14 shows the helium distribution in  the lox 
tank a s  percent helium versus  port  number (A through E )  of a he l ium/a i r  
mixture  obtained by s tar t ing with a purged sys tem a t  one atmosphere,  
pressurizing to 7. 53 psig with miss i le  grade a i r ,  and then pressur iz ing  to 10 
psig with 100 percent  helium. 
10 percent he l ium/a i r  mixture. 
location of the helium slug if no diffusion o r  mixing occurs .  
The curves show the actual distributions measured.  The distribution a t  
1, 2, and 4 hours  a f te r  f i l l  shows that t r ace  gas  was present  a t  all ports  
though not uniformly mixed. 

If uniformly mixed, this would produce a 
The theoretical  cylinder shows the 

D. HELIUM DIFFUSION CHARACTERISTICS 

Helium should follow genera l  diffusion theory,  i. e. , the 
helium should rapidly diffuse throughout the sys tem.  
patterns shown in figures 9 through 14 were  affected mainly by the 
method of f i l l ing.  
and the lox tank was filled through sampling por t  E .  
some mixing, but heavy concentrations of hel ium were  evidenced in 
the a r e a  of the theoretical  slug. 

The diffusion 

I 
The tes t  spheres  were  fi l led through sampling port  1 ,  

This resul ted i n  

A good example of the actual diffusion charac te r i s t ics  of helium 
i n  the t e s t  spheres  is  shown in figure 11. 
helium concentration a t  port  1, a sma l l  amount a t  port  2, and no hel ium 
a t  ports  3 ,  4, and 5. Af te r  1 hour ,  the heavy helium concentration a t  
port  1 had dropped and the helium concentration a t  por t  2 had increased ,  
but there  was s t i l l  no evidence of helium a t  por t s  3 ,  4, and 5. Af te r  2 
hours ,  the heavy helium concentration a t  por t  1 had dec reased  fu r the r ,  
while the helium concentrations a t  por t s  2 and 3 increased  slightly. 
P o r t s  4 and 5 still evidenced no helium. 

The 0-hour curve shows a heavy 
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The t rends established a f t e r  the 1 and 2 hour periods continued f o r  
the 24 hour period a t  which t ime the helium concentration a t  port  1 had 
dropped to a value of 53 percent of the original heavy concentration. At 
port  2 ,  the helium concentration had increased to a total of 14 percent ,  
but a t  por t s  3 ,  4,  and 5, no pract ical  change was detected. Analysis of 
f igure 11 indicated that the helium was f i r s t  concentrated near  the filling 
port  due to the filling procedure. 
first th ree  spheres  during the f i r s t  2 honrs.  
begun to diffuse into the next se t  of three spheres .  An exceedingly long 
period of t ime would be required f o r  the helium to diffuse throughout the 
sys t em since a f t e r  24 hours no detectabie dispers ion had occurred  past  
the second se t  of spheres .  

c, 

Then, the helium diffused throughout the 
At this t ime,  the helium had 

A good example of the diffusion charac te r i s t ics  of helium in the 
lox tank is shown in f igure 14. 
required 10 percent  of helium a t  port  E and even l e s s  helium a t  ports  C 
and D,  but shows approximately 10 percent helium a t  ports  A, B, and F. 
After 1 hour ,  the percentage of helium a t  por t s  E ,  C, and D had increased;  
however,  the percentage of helium a t  ports A, B, and F had remained 
relatively constant. 
C ,  and D continued to increase  with very little change a t  por t s  F, A, 
and B. After  4 hours ,  all ports  evidenced approximately 10 percent 
helium. 
to some extent by the filling procedure 
Then, the helium diffused throughout the unrestr ic ted volume until 
the en t i re  lox tank contained the 10 percent he l ium/a i r  mixture.  

The 0-hour curve shows l e s s  than the 

After 2 hours ,  the percentage of hel ium at ports E,  

A close look a t  f igure 14 indicates that the helium was dispersed 
but was not uniformly mixed. 

E. CONCLUSIONS - HELIUM DIFFUSION 

The various slug injection modes which were  tes ted in this 
p rogram utilizing the f iberglass  spheres do not produce the des i red  
uniform mixture  of helium and air. 
did not mix  uniformly, diffuse, o r  d i sperse  throughout the system. Much 
of the sys t em had little o r  no helium while other par t s  had well above the 
de s i r ed c onc e nt r a t  ions. 

The data c lear ly  shows that the helium 

The slug injection modes which were tested in this p rogram utilizing 
the lox tank produced varying resul ts .  With the helium slug injected a t  the 
beginning of the pressurizat ion cycle,  a 10 percent helium and air mixture 
was obtained immediately throughout the lox tank. 
slug injected a t  the end of the pressurization cycle,  some ports  had l e s s  

mixture .  
tank and a 10 percent  mixture  was obtained in a l l  a r e a s .  

However, with the helium 

1 1  LIlaIl itle required amount oi;iei. ports L-J LL ---..:--..I i n  r.nraarr+ 
l l d U  L l l e  L G Y U L A C U  I W  p C . A L . C I A b  

After a period of 4 hours ,  the hel ium did diffuse throughout the lox 
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The tes ts  utilizing the lox tank resulted in be t te r  mixtures  of helium 
and air than the f iberg lass  spheres  due to the lox tank being one large open 
volume with no restr ic t ions to inhibit diffusion and dispersion. The f iber -  
g lass  sphere sys tem consisted of volumes connected by lines that acted a s  
or i f ices ,  decreasing the rate  of dispers ion and diffusion. 
technique is  sat isfactory f o r  la rge ,  open sys tems such a s  the lox tank, 
especially if the slug is injected in the middle of the pressurizat ion cycle. 
However, the slug injection technique is unsatisfactory for  use in sys tems 
such a s  the f iberglass  spheres ,  regard less  of when the slug i s  injected 
during the pressurizing cycle. The 10 percent helium and air mixture for  
this type system must  be obtained by premixing the gases .  This premixing 
can be accomplished by utilizing a p res su re  vesse l  with sufficient capacity 
to pressur ize  the sys tem under tes t .  The helium slug should be inser ted 
into this vesse l  in three par t s ;  at  s t a r t  of pressurizat ion,  at  midpoint, and 
a t  the end of the pressurizing cycle. The gas mixture should be allowed 
to diffuse for a minimum of 4 hours;  then the high p res su re  bottle can be 
used to pressur ize  the sys tem under tes t  with resul ts  s imi la r  to those 
given in figure 6,  i. e. , a relatively constant percentage of helium. 
dead ends of the sys tem should be vented during f i l l  to eliminate the dilution 
of the mixture depicted in figure 6. 

The slug injection 

(r 

I 

The 

SECTION IV. GENERAL CONCLUSIONS 

The resul ts  of this project indicate that the diffusion of f reon and 
helium does not occur a s  predicted. 
theoretical  gas mixtures ,  helium should diffuse in air 4. 7 t imes a s  fas t  
as Freon-22. However, in the f iberglass  sphere  sys t em the helium dif- 
fusion r a t e  was  approximately equal to that of freon. Therefore ,  in this 
and s imi l a r  type sys t ems ,  speed of diffusion i s  not a valid basis  f o r  
selectionof a t r ace  gas. 

According to Graham's  law concerning 

In any sys tem to be leak checked by the use of t r ace  gases ,  the 
validity of the t e s t  i s  predicated on the uniform distribution of the t r ace  
gas throughout the system. Since the leak detection devices only reac t  
to the presence of the t r ace  gas ,  a leak in a portion of the sys tem not 
containing the t r ace  g a s  would go undetected. 
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The sphere  tes t  resul ts  indicated that the diffusion of he l ium/a i r  
o r  f r eon /a i r  in the slug injection mode cannot be relied upon to obtain 
a sat isfactory uniform distribution of the leak detection media i n  a sys t em 
consisting of tubing and volumes. A proper leak detection media can  only 
be obtained by premixing the t r ace  gas  and a i r  p r io r  to inser t ion i n  the 
system. A s  mentioned in both the helium conclusions and the f reon  con- 
clusions,  the premixing i s  even m o r e  effective if  the dead ends of the 
sys tem a r e  vented, purged with the premixed tes t  gas ,  and then pressur ized  
to the required tes t  p re s su re .  

In large open sys tems,  such as the lox tank, the required f r eon /a i r  
o r  he l ium/a i r  mixture  can be obtained satisfactorily e i ther  by careful  slug 
injection o r  by premixing the gases .  

This s e r i e s  of tes ts  has  shown that the uniform mixing of the t r ace  
gas  does not always occur  and that some portions of the sys tem a r e  likely 
to be completely void of the t race  gas. Thus i t  i s  mandatory that not only 
the method of t r ace  g a s  inser t ion be analyzed to ensure uniform distribution 
but a l so  the sys tem under tes t  be evaluated to determine the optimum fill 
location(s) and the required vent points. 
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