An-auus 121  NAVAL RESEARCH LAR WASHINGTON D C F/6 2n/u
CALCULATION OF GAS TEMPERATURES IN N2 PRESSURIZATION FXPERIMENT==ETC(U)
JUN 77 W W JONES* J P BORISs E S ORAN

UNCLASSIFIED NRL=MR=3542 |

d

END

DATE
FILMED

977

g —




| ME

22

L i =

L

22 Tt e




ADAG43121

o

Y

D06 FiLe COP

I " NRL Memorandum Report 3542
f/
%4

Calculation of Gas Temperatures in N,
Pressurization Experiments

W. W. Jones, J. P. Boris and E. S. OraN

Plasma Dynamics Branch
Plasma Physics Division

-

June 1977 N

. O
O W\
‘Zf-"\'%

X0

e

o
A
q.

(%

NAVAL RESEARCH LABORATORY
Washington, D.C.

Approved tor public release: distribution unlimited




SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

REPORT DOCUMENTATION PAGE pgs CAD INSTRUCTIONS
' REPORT NUMBER o 12 GOVT ACCESSION NO.[ 3 RECIPIENT'S CATALGG NUMBER
NRL Memorandum Repert 3542 L X i Y} NRI-MR-25%2 |
)4 TITLE (and Subtitte) oo W P R S S TYPE OF REPORT & PERIOD COVERED
"/ | CALCULATION OF GAS TEMPERATURES IN N2 / g"’e;"“ ':;5’0" o - onUERINg
- ’P‘RESSURIZATION EXPERIMENTS. f RI problem.
€6 PERFORMING ORG. REPORT NUMBER
| 7 AUTHOR(3) -
1 / ‘ 5 $ 7 £
! ks W.W./Jones, J.P. Boris afid E.S. Oran | z
| L, | gt S SR
9 PERFORMING ORGANIZATION NAME AND ADDRESS afzis A = MEN’ L
Naval Research Laboratory NRL Problem CO1-15
Washington, D.C. 20375 Pl‘OjeC[ RR024-02-41
Program Element 61153N-24
11 CONTROLLING OFFICE NAME AND ADDRESS /| x [12. REPORT DATE
Office of Naval Research June W77
800 N. Quincy Street et R e e
Arlington, Virginia 22217 /3 /] 10 | l
T4 MONITORING AGENCY NAME & ADDRESS(I different from Controlling Office) | 151 ftcumvv CLASS. (of thie repart = )
UNCLASSIFIED
I 1Sa DECLASSIFICATION DOWNGRADING
SCHEDULE
16 DISTRIBUTION STATEMENT (of this Report) :
Approved for public release; distribution unlimited.
e
17 DISTRIBUTION STATEMENT (of the abatract entered in Block 20, I{ different from Repoff)| ©
18 SUPPLEMENTARY NOTES
79 KEY WORDS (Continue on reverse aide if necessary and Identily by block number) BN ‘W
Fire suppression
Nitrogen pressurization
Flow field diagnostics
e 20 ABSTRACT (Continu# on reverse side (f necessary and (dentify by block number) AR AR
o We have made-estimates of maximum temperature ratios for a preliminary version of the
nitrogen pressurization experiments. These calculations are to determine the feasibility of using
temperature as a diagnostic in such experiments. The limits considered are unmixed and fully mixed
gases in the experimental chamber. The actual experimental conditions will fall somewhere between
these two limits. In both cases, temperature would appear to be a reasonable diagnostic tool.
~N

DD vj::.‘n ]‘73 EDIT (

N OF | NOV 85 (S OBSOLETE i ] # / 7

SN 102 14° AR0 1L

SECURITY CLASSIFICATION OF THIS PAGE /When Dare Entered

"




SECURITY CLASSIFICATION OF THIS PAGE (When Daete Entered)

SECURITY CLASSIFICATION OF THIS PAGE When

Enterad)

i

U—




CALCULATION OF GAS TEMPERATURES IN N,
PRESSURIZATION EXPERIMENTS

INTRODUCTION

A series of experiments in mixing and combustion have been initia-
ted by the Chemistry Division at NRL to look at the use of nitrogen

pressurization to control fires in enclosed areas. In conjunction with

these experiments we have performed calculations to determine the
differences between the initial and final temperatures and to determine

the temperature extremes to be expected.2

Experiments using successively larger size chambers have been made
to determine the acceptable range of operational parameters. lests on
chambers of one cubic meter showed that introducing nitrogen in the
chamber to pressures of 1.6 - 2 atmospheres would extinguish fires in
short times. However, initial tests on larger chambers, 5 - 1ON?

did not confirm the small chamber results and indicated that no simple
scaling laws applied. A series of mixing studies is now being carried
out to clarify this problem.

It has been proposed that thermocouples be used to measure tem-
perature in these initial mixing studies. For thermocouples to work
we require a sufficient temperature difference between the incoming
gas and the gas initially in the tank. If the difference is too small,
the signal to noise ratio in the thermocouples will not be suftficient
to make meaningful measurements possible.

The calculation presented below determines these temperature

differences for the extremes of unmixed and uniformly mixed gases in

Note: Manuscript submitted 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,) controls the final pressure (Py")
in the test chamber.

the experimental chamber. We find that as long as the initial tem-
perature in the high pressure tank is less than in the experimental

chamber, the temperature difference should be sufficient for

temperature to be used as a diagnostic.

EXPERIMENTAL SET-UP

The experimental system is shown schematically in Fig. (1).
The smaller tank is at a high pressure, between 5 and 10 atmospheres,
and the larger test chamber is initially at atmospheric pressure.
The valve (Va) releases the gas in Volume 1 which then flows into
Volume 2 until the valve is closed. Typically (Va) micht be closed
when P2' = 2 atmospheres.

The incoming gas will be cooler than the surrounding resident
gas due to expansion at the nozzles. If the temperature difference
is large enough, thermocouples can be used tc determine the degree of

mixedness of the gases. The calculations described in the next sec-

tion yield limits on these temperature differences.




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. We calculate the average temperature of
the combined gas in the large tank (VE) assuming complete mixing and
fast temperature and pressure equilibration. In the second case, we
assume adiabatic compression of the resident gas by the
incoming gas (piston effect). We calculate the temperature
difference between the initial gas and the incoming gas assuming 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 gas Tlow).
The initial pressures, temperatures and volumes, Pl, Tl’ Vl’ and
P2, T2’ V2 are known. We also know the final volumes and the pressure

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

Numbers being considered for the current experiment are

Vl = 2 M3

P2 = 1 atmosphere
P2' = 2 atmospheres
V2 =5 f3

T, = 290°K.

Conservation of mass implies

V. + o V.=M=p "V
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where p represents the mass density and M is the total mass of the

cases in the system. Conservation of energy yields

Vo 7:5:’ {xr \
PV, * PV, =E=P'V, +B; Vo (2)

where E 1s the total thermal energy of the gases. M and E are
given by the initial conditions. Since the process is adiabatic in

Tank 2,
) A 2 ’ ny
P2/°2 = constant = P, /(c2 )l (3)
where VY = CP/CV = 7/5 for air. For the limit of completely mixed gases,

these equations are sufficient to find the ratio of final to initial

temperatures in tank 2,

’ 7 7
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As an example, consider the simplification of Eq. (4) if T =T,

and pé = 2P This yields

o

=3

P
2p2V2/~1V1

y 1/v
J I = -
2 (P1V1+P2\2)/P1Xl ((Plv1 P2V2)/P1V1)

]
e

=

where 1/y = 0,71 for air. Given the experimental parameters mentioned

earlier and T, = T, = 200°K, Fq. (5) is plotted in Fig. (2) as a

function of Pl.
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Fig. 2 — Ratio of final to initial temperature in tank #2
as of function of P; (initial pressure in tank 1) and PZ',
the final pressure in tank 2
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Fig. 3 —- Schematic of adiabatic compression
without mixing of gases

Thus the final temperature of the mixed gases in equilibrium can be as
much as 15% higher than it was initially.

The next question is what is the expected maximum temperature
difference between the two gases if they do not mix immediately. Con-
sider the incoming gas to be separated at all times from the cas wtich
is initially resident in tank 2., The initial gas is compressed adia-
batically as if it were separated by a flexible membrane from the

incoming gas as shown in Fig. (3).




We assume here that pressure equilibrates in tank 2, that is

P =P at all times. Using V, = V_+ V. and
a b a b

PV Y = constant = P,ﬁqu (6)

(adiabatic compression of the original species in tank 2), together

m +m ) or

a b

with mass conservation (m,

V
e a a b'b

we arrive at

1
—
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Thus we have an estimate, shown in Fig., (4), for the maximum tempera-

ture difference for the two gases in tank 2.
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Fig. 4 -—- The ratio of temperature of the
gas resident in tank 2 (T)) to the incom-
ing gas (T,). This ratio is shown as a
function of the initial pressure in tank 1
(P;) and the final pressure in tank 2
(Py".
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Finally, Fig. (5) shows the effect on the ratio (Tb/Ta),for a given set
of initial and final pressures, and various combinations of initial

temperatures (Tg/Tl)’ Thus

20 (

Fig. 5 — The ratio of temperature of the
gas resident in tank 2(T), ) to the incoming
gas (T,). This ratio is shown as a function
of the initial temperature in tank 1 (Ty)
and final pressure in tank 2 P,").

as long as T, is less than T2, the temperature difference should be
sufficient that temperature can be used as a diagnostic in these pre-

liminary nitrogen pressurization experiments.
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