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Abstract: In order to realize the rapid design and evaluation of the precooler in the engine design phase, a
quasi—two—dimensional rapid assessment model of the precooler was established. The geometric structure of the
SABRE precooler is simplified into an annular sector area, which is divided into two—dimensional nodes in the ra-
dial and circumferential directions. Conservation equations and heat transfer correlation equations are used to cal-
culate one node, and then solving the balance equations of the node matrix to calculate the two—dimensional dis-
tribution of the parameters at the specific nodes of the internal and external fluids, and the outlet parameters of
the precooler are obtained. The model was embedded in the engine performance program, and the function of pre-
cooler performance calculation at the engine design and off—design points were realized. The results of comparison
with literature data show that the model deviations of heat transfer are within 5%, and the deviations of friction is
within 10%. The engine simulation results show that in the range of Ma=0~5, the air side temperature drop of the
precooler ranges from 143K to 932K, and it increases monotonously with the flight Mach number increasing. The
range of precooler effectiveness is 0.896~0.945, and the range of air side total pressure recovery coefficient is

0.852~0.904.
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2493.  (GAO Yuan, CHEN Yu-chun, SHI Xin-xing. SABRE Precooler Calculation Model and Its Application in
Engine Model[J]. Journal of Propulsion Technology, 2021, 42(11):2485-2493.)
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Fig.1 SABRE precooler
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Fig. 2 Diagram of precooler structure
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Fig.4 Precooler module node division
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Table 1 Precooler module parameter

Variable Value

Ny 21

Ny 4

m 84

n 10
W/ (kgls) 10.79
W/ (kgls) 1.76
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Table 2 Precooler simulation results

[tem Temperature/K Pressure/MPa
Air 298.00 0.1020
Inlet
He 97.00 15.00
Air 137.33 0.0984
Outlet
He 286.17 14.82
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Table 3 Comparison of simulation results and reference data
Variable Ref.[6] data Simulation result Deviation/%
Air temperature drop AT, /K 163.00 160.67 -1.43
He temperature drop AT}, /K 192.28 189.17 -1.62
Air pressure drop Ap,, /kPa 3.40 3.6015 5.93
Overall heat transfer rate ¢/MW 1.80 1.7465 -2.97
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Table 4 Precooler design data

Variable Value
Ay /m? 569.12
Nove 1.08x10°
d.,d /mm 0.90,0.98
Ny 120
N, 1
By»0,/(°) 180.0,3.0
Tube arrangements Staggered
S,,S, 1.84,,1.5d,
Wil (kgls) 100.0
W,/ (kgls) 19.08
i K 1245.8
Paie i/ MPa 0.2506
Ty nlK 121.8
Phe.in/MPa 21.65
m 60
n 10
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Fig. 8 Precooler module nodes (internal flow)

Table 5 Precooler simulation results

Variable Value
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in engine off-design calculation
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