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A Counter-Flow Fin-Tube Air Precooler Design and Its Flow Heat

Exchange Calculation Method
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Abstract: The air precooler is used to efficiently cool the high-temperature incoming air in a
short time, and it is the core component of the pre-cooled air-breathing aerospace engine. A
heat exchange configuration of a counter-flow tube-fin air precooler is proposed, and the
comparison with the configuration of the SABRE precooler shows that the precooler of

this new configuration has better realizability. For this configuration, based on the basic
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assumption of heat flux balance in the heat exchange unit, a set of calculation and
evaluation method for the flow and cooling effect is proposed, which takes into account the
flow friction loss of the coolant and air. In order to solve the design problem of the air
precooler with complex hydrocarbon fuel as the cooling medium, the physical properties of
the high-temperature air are calculated using NASA's physical property fitting formula,
and the physical properties of hydrocarbon fuel cooling working medium and its cracking
products are calculated using component substitution model combined with SUPERTRAP
physical property calculation subroutine. When the fuel reaches the cracking temperature,
the fuel composition is calculated and updated by the fuel cracking mechanism. In addition,
in order to verify the accuracy of the calculation model and program, the CFD software is
used to implement the calculation under the same working conditions with the program,
and the reliability of the method was preliminarily verified. Moreover, this method is used
to calculate the typical operating conditions of the air precooler considering hydrocarbon
fuel cracking in no more than 30 minutes. This new method can be used to evaluate the

performance of counter flow tube fin air precooler efficiently.

Key words: Air precooler; Fin-tubes; Counter-flow; Hydrocarbon fuel; Cracking
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Fig.1 Local schematic diagram of counter-flow air

precooler with fin-tubes

Fig. 2 Cross section of precooler and calculation

period unit
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Fig. 3 Fluid flow and heat transfer with wall
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Fig.4 Fin and cross section of computing element
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Table 1Components of the five-component

substitution model

Name Mole Percentage
Decane 40.87%
N-Tridecane 26.13%
Cyclohexane,1,2,4-trimethyl 8.56%
Butylcyclohexane 11.44%
N-propylbenzene 13%
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Table 2 Comparison of verification results

Air Outlet Fuel Outlet Air Outlet
Case Temperature Temperature ~ Pressure
(K) (K) (MPa)
Methane 364 675 0.4917
Methane
371 672 0.4913
-CFD
Error 1.9 % 0.4 % 0.08 %
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(a) Comparison of air outlet temperature

(b) Mach number distribution of air

Fig. 5 Calculation results under different flow rates

I K 5a KM, FAIREN 4kg/s BF, P
BRG], R ERNE, SABER
F R T 2572 A RCR BT, (HEEE TR A,
T T (R TR ER e HN RO A B 5b
KIL, BEEZTRRED, HABE BRSNS
AL BETR, TR Ske/s A<M
IR RO T e, (EARIE B SN 11
MIRZ . Fioh, WA &I A& HETE

BEM S RER X LRI PIfy, HEEER, &
BEAR B RORIBN 1IN AT, PISCBLE sE AT
3.2 FURBEAEMRRhR RN AT

BT IR R 3, N T HEEAR
P ST B N W 10 oy S = K (7 e SR h o A
LRI E AR E N 2.0 g/s, ZMERRE
PRUE TE— MR ITH, FRMREPRE N
T, RERSIGRHY, HIEZME N ASHk
KK EREAR R, AU )40 5 5 e i
PURZS BB o B R 5 IR A = T
1000K, HEMANRERERN 7 HHESSE
ME RNV R R ERRE, 29 0.95 gfs, ¥t
PR K EH N 0.9m, FAANOERA 0.5
MPa, WEHIFINEGRN 6 MPa. ¥ E15i85E
WA 1 mm, BEJE KR RN 0.3 mm.
Case 0~3 SKiitE i IEE 900~1500K, KR K
1Tk 4 3] 5.5); Case 3~6 W KEAR, 1R
K IRE M HARAE, BRFFHESEA .

Case 0~3 Z5 R U11& 6 Frzn, Case 0 fl 1+
R PR BV AR o0 A J L R 26k, T Case 2 I
3 I AL B AR AR R BT R, RN
AL AR Rt A B R R R, RN T A
w, B E, oYL,

Bl 6b RonBEE =AM, TR
TTE N RO KGNS, B T R
pu SR SO R7 Sl SRV AN RV ELUNE 2/ € i U
PR AR R DB, BEE R
BB, T R EOY KB R A g H 2 T
U BE NIRTTIE X PRI JE AL, DL Case
3 ], AR R 1 B R AR A an P 6d
FE7, R S ARE T R 2 i O P 1 R ey, HL
INEBERRSE, REEALT 870 K AT,
RPE MG Ig 1K, 5 R B 2 id # o
K 2 BB W ot R 1 B A R T T Ok
/N, TR ) Hh ) AR B R PR A R
BTN, HEREAEH S EBOX AR .

Bl 6c IR U] 1) 0t e 49 A R B i o T T TR
BT, SRR, T T U R
X R R BOR TR, S PR R B o TR T v



WARLRAREAZ K, SUMA I Z, SRR
JIERE; 2SR et R Hoz /T ],
i Y BIR i) 2 ST A A BRI R P R 3R
FET 2 S BET ] A, SR SIS
R R A T B A RN
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Fig. 6 Case 0-3 parameters distribution

(a) Case3-6 temperature distribution

(b) Case3-6 Reynolds number distribution
Fig. 7 Case 3-6 parameters distribution
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Table 3 Case design and results

Air Fuel Convers
Air Inlet Fuel Inlet Air Outlet Fuel Outlet
Case I(mm) Pressure Pressure ion Rate
Temp.(K) Temp.(K) Temp.(K) Temp.(K)
drop (%) drop(MPa) (%)
Case 0 2.18 900 300 450.69 681.72 2.0 0.177 0
Case 1 2.18 1100 300 494.02 788.61 2.2 0.168 0.7
Case 2 2.18 1300 300 536.06 866.45 2.6 0.167 12.2
Case 3 2.18 1500 300 574.63 912.91 3.0 0.177 375
Case 4 2.53 1500 300 601.45 906.00 1.6 0.175 33.9
Case 5 3.05 1500 300 639.79 896.18 0.8 0.171 28.7
Case 6 1.92 1500 300 554.47 918.21 4.6 0.180 40.2
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