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Numerical studies on natural circulation ‘precooling Loop of
cryogenic liquidrocket engine
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Abstract :\One set of ‘'one-dimensiona unsteady homogenous mathematic model sfor flow
and heat process of natural\cireulation precooling loop of cryogenic liquid rocket engine was
established , whilst both inverted annular model and di spersed model were introduced for the
prediction‘of filming boiling region. The resultsindicate the unstable characteristicsof circu-
lation flow rate in precooling process is caused by the unstable characteristics of natural cir-
culation driving force, that is, the heat flux transferred to the cryogenic liquid from the natu-
ral circulation precooling loop. Moreover , about 80 % of wall temperature drop takesplacein
filming boiling region, and the inverted temperature distribution law of the return pipeis
well interpreted by introducing the two filming boiling model s mentioned above.
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1
Table 1 Sructural and heat transer parameters of natural circulation precooling loop
( )

/ mm 220 220 54 90 42

/ mm 2.5 3 49 8 1.5
/ mm 7600 1000 1579 750 8404

20mm 7mm 7mm 7mm

(10mm
5A06 GH4169 GH4169 GH4169 5A06
10.90 11.47 13.26 15.16 20.87

I (W/ m? - K)

I K 268 240 247 251 151

2

(34

Table2 Heat transer models and transf or mation criterions between. cryogenic propellant and pipe >

0<a<0.1 Bromley
T> Te
0.l<a<1 Dougall- Rohsenow
Teve < T < Tk 0O<sa <1
a=20 Chen
Tonse < T < Tehe
0<a <1 Chen
T < Tons 0<sa <1 Dittus'Boeter

Tr :Leiden Frost ;

Tenr : Kutateladze

Tone :Hsu

[5] .
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