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CALCULATION OF GAS TEMPERATURES IN N 2
PRESSURIZATION EXPERIMENTS

iN~~k OJ ) IT CTI ( ‘N

A series of experiments in mixing and combustion have been ~n~tja-

ted by the Chemistry Division at I\TRL to look at the use Cf nitr’-e r~

pressurization to control fires in en’~losed areas~ In conjunc~ icn ‘r~ t~

these experiments we have performed calculations to determin’~ t L ~

differences between the initial and final temperatures and to ~~t r : ~~rie

the temperature extremes to be expected.
2

Experiments usin [~ successively larger size chambers have ~ s f l  ~ adI

to determine the acceptable range of operational parameters. iC~~~ S I L

chambers of one cubi c meter showed that introducing njtr -ei. ~n

chamber to pressures of l.(~ - 2 atmospheres would extinguiiw irI s in

short times. However, initial tests on larger chambers, 5 - lO~’

did no t confirm the small chamber results and indicated tI~a~ n L~~~ 1 I

rc ~t i in ’~ laws app lied . A series of mixing studie s is now Es’j nc- o a r r r J

cu~ to clarify this problem .

it has been proposed that thermocouples be used to measure ~c~-

pe ra ture  in these in i t ia l  mixing studies.  For thermocouples to WI

we re u i r e  a su f f i c i en t  temperature difference betsieen t I c  n r o m i n n

‘as and the ~as in i t i a l l y  in the tank . If the dif ference is  ~~~~~ ~~~~~~~~~~

the signal to noise ratio in the thermocouples will not t ’c su l  ~ ~ent

to make me aningful measurements possible .

‘he calculation presented below determine s l h e r c  temperature

differences  for the extremes of unmi ’:ed and un ru.! ; n i l  c ca~ I

Note: Manuscript su l ,mitted June 13, 1977.
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Fig. 1 — Schematic of the pressurization experiment showing
the high pressure tank (Volume 1) and the test chamber
(Volume 2). The valve (V a) controls the final pressure (P 2 )
in the test chamber.

thc  c- :perimental  chaul ’er . , e  f ind  that as long as the i n i t i a l  tern-

u e r utur e  in the hi di pressure tank is less than in the experimental

~~.r:i or , the tempera ture  d i fference  should 1 €  s u f fic i en t  for

temp erature to l e  used as a di a ncs t ic.

~~~~~~ 
c
~iCT_ ~,Jp

‘he experimental system is shown schematically in FL’ . ( 1).

ihe smaller tank is at a high pressur e , between 5 and 1~’ atmospheres ,

and the lar~er test chamber is initially ut Cttuo i~p l I e r i  c pressure .

Fhe valve (V ‘I releases the ~as in  Volume 1 whic }~ b cn f lc w~a ’

~c1ume 2 un t i l  the C alve is C’lcseJ . Typ ical ly  ( v )  mi ’ct t o  ch n eJ

when 
~
‘
2
’ 2 atmospheres.

be i ncon inc  ~as will be cooler than t h e  .u~rr ouuI i1r1 i - f ( , ~ ; en

‘as Joe t.~ expansion at. the nozzle s . If ~l~e t er rpe rutu re  Ji ‘ l I ’r l ’n c c

is l u r , e encu ’h , the rr .c couples can l e  u~’eJ to d e t e r m i ne the I I e r ce ‘

:~~J m e r s  of t h e  oa s es.  ‘he calcula ticns  • !es ’H hod in l l i c  nc ’C t. rrc-

t n ‘ ‘ i  eld l i m i t s  c’i-I t E r s e  tc nre rat ure dl 1 ’er ences .
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CALCULATION

The model which we are considering bounds the temperature change

by two limits. The first is complete mixing and equilibration of the

incoming and resident gases. ,‘/e calculate the average temperature of

the combined gas in the large tank (v2) assuming complete mixing and

fast temperature and pressure equilibration. In the second case, we

assume adiabatic compression of the resident gas by the

io~omimo ~as (piston effect). We calculate the temperature

difference between the initial gas and the incoming gas assumino that,

they do not mix but that the pressure equilibrates adiabatically.

During the initial pressurization, we expect the second limit to be

correct. The first limit is reached after long times (slow cas flow).

The initial pressures , temperatures and volumes, F1, T1, V1, and

F
2, T0, V2 

are known . We also know the final volumes and the pressure

in the second tank when the valve is closed (primed quantities).

yu~”J er s  Jeino  considered for  the  current experiment are

V1 
= 2

P2 = 1 atmosphere

F2 ’ = 2 atmosphere s

V2 = 5

T2 
= 2~~Th ° K .

Conservation of mass implies

21
. 1 

+ ~2
V
2 

= = P1 
V
1 

+ P 2
1 \T ( 1)
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where p represents the mass densi ty  and Ii is the total mass of the

•~ases in the system. Conservation of energy yields

+ p v  = 

~
‘
J~ 
v1 + ~2 ~2 ’ ( 2)

‘.rhere F is the total thermal energy of the gases. H and F ure

‘iven by the ini t ial  conditions. Since the process is adiabatic in

lank 2 ,

P2 /p 2~ = constant = p F/(0 F)V (3)

where ‘
~
‘ = Cp/C~ 

= 7/5 for air. For the limit of completely mixed -moo s .

these equations are sufficient to find the ratio of final to init5,al

temperatures in tank 2 .

T ’ P ’ V2 2 2 (f lT 17 v2 

(

T2 
F
1
V
1
+P
2
u1
2) 

- F ”  (Piv1
+c~v~~ ~:~) 

‘

an example, consider the sin lilicaflon of Fa . 
~~~~ ~l 

=

and = 2P
2 . This yields

T ’ or \r /p Y
2 ‘“ 2 2  11 ( c ~~

~2 (r 1~ 1+ 2\ 2 )/p 1x 1 - ((F1v1-r2V2)/I.
1v1* 

\

where l/~ = ~.7l f r  a ir .  yen the expe r im en ta l  para c 4 er r  ‘~u n 1 o m ~ d

ear l ier  and = T
2 

= 2°fl 1K , Fq. ( 5)  is plotted in ~~~~~. (2 ’)

I in r t i o n  if  P
1
.

14
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Fig. 2 — Ratio of final to initial tem perature in tan k ~ 2
as of function of E~ (initia l pressure in tan k 1) and 

~
> 2 ”

the final pressure in tank 2

Fig. 3 — Schematic of adiabatic compression
without mixing of gases

i I L S  I ne I ir ial  t E m p o  ra l  Ire c i  t J i e  mixed ‘ares i i  I qu I l it r un on e

rnu”h as lh~ lii ~hcr  th a n  i t  was i n i t i al l y .

The next .  quest ion  is  w h u l .  i s  E r  r o e  ‘t ed  muni nn i ’ ’ i  t e o , l e r o ~~,1’ , ’

d i l l e r e nr e  between l ie two ‘uses ii 1 c’, ’ do not r o i  ‘: “m e d  a’ ely . ( ‘  -

s de r I.E :e in comi ‘as to he separated at all I I ri ~es I 0 i’i l i e  ‘as W I ‘i .

5 i n i t i a l l y  r e s o le t i t ,  i n  t ank  2 . The m u  al ‘ar ( I . Oy )l ’ ( ’ .” S E ’ J  ad Ul —

baticol ly  as 11 i t  were separated by a I ‘J r  I b l e  ne’~t r mi (  I’” , I I

i n ( . o m l b i j n ‘as as st ’ wn i n  FL’. ( ‘~) .

I~



We u r n  j r  crc at p l ’ E ’ r o r & ’ r C ) i i ~~’1 I I  . f l 1 ( ’~5 i l l  t o u t y , I ’  o l i s

P = P at a I I, I nlI . i l l ”  V , = V + V o n !
a 1) . 0

P1 V 1 = ~‘V1 ‘ I  011 = I ~~~ 
I

(ad abut  I ‘ ~~ “p i e r s  j e t .  0 ( ‘ ‘0 ’ . ‘a ~‘. l e n  i i ’  a’ C , ‘ (‘ I 1 ’ ’

w ’ I ‘ oars ‘onre ova i v ~~ = 0 4 t’t ~ or

1 1 1  
( ‘

~ ‘)

‘ic nrriC’e at

T ( i ’~ I , .,~
( L’,.~ ‘~) — 1

( ° ‘
I 1 ’ \ l ~‘/11 t I ’ 1~~) - I

i ’ I iun we ‘ t t \ ’e an cr1 i o i a I  e ~ ti I n n  i l l  1” i.c. ( I i )  ‘0 ’  ‘O\ 1 ‘t ‘,, “ I

1 it  ‘c 1 1 1  1 r r r i ~ ‘c .1 os I e I ‘,o ‘o nm i n  ant 2 .

1 O ~~~~~~~~~~~~~~~~ i k  1 J  

2
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Finally, Fig. (5) shows the effect on the ratio (Tb/T ),for a civen set

of initial and final pressures, and various combinations o 1 in i t i a l

temperatures (T
2
/T1

). Thus

2,0

Fig. 5 — The ratio of temperature of the
Tb ‘ 2 5  gas resident in tank 2(Tb) to the incoming
~~ 15~~~~~~~~~~~~~~~~~~~~~

/ 2~~~

,;

as lone as T
1 
is less than T

2
, the temperature difference should he

sufficient that temperature can be used as a diagnostic in these pre-

liminary nitrogen pressurization experiments.
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