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Performance Analysis of a Cold Inert
Gas Generator

SooYong Kim

ABSTRACT

Present study deals with performance analysis of a cold inert gas generator which is to
be used as an effective and prompt mean to suppress the fire. Every year, squandering of
numerous people and assets by fire have been noticed around us. However, there seemed
not enough progresses made to suppress the fire effectively for the past few centuries.
Present study introduces CIGG(Cold Inert Gas Generator), basically a new conceptual
approach to suppress the fire, through performance analysis of the machine and tried to
suggest basic specifications of the heat exchanger which is a vital part of the machine,
while at the same time, revealing the basic performance of the CIGG in the form of a
design point.
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Fig. 1. Cold Inert Gas Generator : Case 1
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Fig. 2. Oxygen contents in the exhaust gas of
a turbojet gas turbine engine

S —— 191K
& 8
©
2 6]
o
B 4
)]
Q
*x
w 2
é 13

0 fl :

0 10 20 D

Presaure Rdi

Fig. 3. Air excess coefficient vs. pressure ratio
for different combustor exit temperatures
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1010 Inlet Device 3230 Flow Separator
2001 LPC 3240 Flow Separator
2112 HPC 3250 Flow Separator
4010 Combustor 1221 Outlet Channel
5112 HPT 1331 Outlet Channel
5011 LPT 1441 Outlet Channel
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9111 Heat Exchangerlb 1020 Inlet Device

9211 Heat Exchanger2a 1111 Switching Device
9311 Heat Exchanger2b 2223 Fan

4510 Afterburner 5213 Expander Turbine
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g. 4. Cold inert gas generator flow path
structure.
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Table 1. B|&AMIIAHe)|0lE] MAX Heat Exchanger # 2
Inlet Device Tel 30197 K | Thl 4706
Tout 288.15 K Tc2 386.09 |K Th2 335.71
Pout 0.1013 MPa P2 01442 [MPa| P2 0.4225
LPC Heat Exchanger # 3
Tout 2122 | o Tcl 30197 |K | Thl 12976
Pout 03242 | Mpa Tez 87383 |K | Th2  |4%458
Mass Flow 85 /
Work 1140 kg/sec P2 01142 | MPa| P2 0.3892
. KW
grfgs§ure Ratio ggs Heat Exchanger # 4
HPCC‘e"CY ' Tel 30197 |K | Thl 49458
Pout 1.6212 MPa P2 0.1142 | MPa| P2 0.3814
Mass Flow 85 kg/sec Turbine Expander |
Work 24559 KW
Pressure Ratio 5 Temperature Inlet 340.49 K
Efficiency 0.85 Temperature QOutlet 254.41 K
Combustor Power 809.79 KW
Tout 1500 K Fan
Pout 1.5564 MPa
Mass flow 8.7 kg/sec Tout 301.97 K
Efﬁciency 0.985 Pout 0.1165 MPa
Fuel flow 735 kg/hr Mass Flow 5778 kg/sec
Excess Air Coefficient 2.7851 Work 801.69 Kw
HPT Pressure Ratio 1.15
Effici 0.
Tout 12128 K ceney 8
Pout 0.6794 MPa
Mass Flow 8.7 kg/sec
Work 2480.7 KW 3000 T ] —+—Cooling Turbine
Efficiency 0.875 2500 L it 1! e
Expansion ratio 0.4366 2000 —*—ua::;
LPT E b ——HPT
Tout 11652 |K g "
Pout 0439 | MPa 21000 y— —T— —
Mass Flow 87 kg/sec 500 ##H
Work 1152.4 KW o ‘ | |
Efficiency 0.875 T
Expansion ratio 0.6475 01 0.12 0.14 0.16 0.18 0.2
Pext, MPa
Afterburner . ) .
Fig. 5. Power requirements of major components
Tout 12976 | K of CIGG with cooling turbine exit pressure
Pout 03972 | MPa change.
Mass Flow 895 kg/sec
Efficiency 0.99 ) )
Fuel flow 8718 kg/hr ol F3e YEe 79 Fvie 4 7
Excess Air Coefficient | 1.274 25 Aoz Yehley ol WEiwiel wiu
Heat Exchanger # 1 o] wet YAl 25 A7t d o]Fof
Tel 30197 K Thl 1165.18 2)7) dgollar Foldck Fig. 6& ¥z EHlY
Te2 761.89 | K Th2 4706 Z7keol WHalshe A$ wiv|1¥ 27exe wg
P2 0.1142 |MPa | P2 0.4311 g »aFz Yok 2PN €]l E7dEel o}
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Fig. 6. Temperature variation of turbine expander
with outlet pressure for different air excess
coefficients

1800 J
« 1600 }—— ™~
® 1400 ~,
=
$ 1200 |
£ ! |
& 1000 _-4—T5: Main Combustor |

800 } —8—T8: Gasgenerator Exit
—&—T11: Afterburner Exit

600
0.9 1 11 1.2 1.3 1.4 1.5
Excess Air Coetficient

Fig. 7. Important temperature variation with
increasing air excess coefficient
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Table 2. &7 AA A
o |M1EREI] | Mogdma|
2l ist | 2nd | st 2nd
part | pant | part | part
surface of heat m? | 1773 | 1919 | 1839 | 1867
;‘;‘;‘;‘;ﬁ;‘;‘; m’ | 0603 | 046 | 0625 | 0.448
volume of manifold | m® {0482 [0368| 05 | 0.358
total volume m | 1085108291126 | 0807
total volume of 3
heat exchanger m 131 193
‘tr“:féf:rf r‘;?;x ke | 5602 | 6063 | 5812 | 5900
’c’:)?f;tgﬁsc“ing and |0 201213 | 162 | 1180
Z‘)’(‘f‘ha‘n“gajf of heat |\ g2 | 7276 | 6974 | 7080
total mass of each
heat exchanger ke 1400 1405
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