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Abstract: To understand the impact of jet flow rate and jet angle on liquid film spreading shape,
wall temperature, and liquid film thickness, an independent liquid film cooling experiment system
based on the heated wall conditions was designed and constructed. The experiment focused on
liquid film cooling with a jet angle of 25°—45° and a jet flow rate of 200400 mL * min ' was
conducted. The results show that increasing the jet angle leads to a decrease in spreading length,
while spreading width and spreading angle increase. At a certain jet angle, liquid film spreading

length, width and angle both increase with the growth of jet flow rate. Notably, when the jet
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angle is 25°, the jet flow rate increases from 300 mL ¢ min ' to 400 mL * min~
increase in the liquid film spreading length is 20. 94 mm, and the increase in the jet flow rate can
effectively reduce the wall temperature, when the jet angle is 35° and the jet flow rate is 300 mL * min ',
the maximum wall temperature can be reduced by 141. 81 ‘C after cooling; The liquid film has a peak
thickness at the impingement point on the wall, and the higher the liquid film flow rate, the higher the
peak value. For instance, when the incidence angle is 25° and the flow rate is 400 mL * min~ ', the
maximum peak value reaches 679. 32 um. Additionally, a numerical model for liquid film cooling
was established with the volume of fluid (VOF) method to calculate the evaporative heat absorp-
tion and flow spreading process of the liquid film. It is shown that when the jet flow rate is
300 mL » min~', the maximum deviation between the simulation results of liquid film thickness
and the experimental results is 7. 9%, which is within the 10% error allowed for engineering
applications, so as to verify the feasibility of the VOF method for the simulation of liquid film
formation on jet impingement wall. The present research can provide significant reference for the
liquid film cooling technology in liquid rocket engine.

Keywords: liquid rocket engine; liquid film cooling; thermal wall condition; volume of fluid method
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Fig. 1 The experimental system of liquid film cooling heated

curved steel wall
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Fig. 2 The electric heating device and fixture
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Fig. 4 Schematic of temperature measurement point layout
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Table 1 Specifications of instruments in the experiment
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Fig. 5 Comparison of liquid film thickness for present experi-

mental results with literature
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Table 2 Calculation of uncertainty
BREME L/mm W/mm a/ () T./C &/mm
IUARIRZE O, 0.010 0.010 0.010 0.100 0.030
MR ZE O, 0. 020 0.030 0. 050 0.010 0.010
B AE BHAR 22 Oy, 0.010 0.015 0.025 0. 005 0. 005

1.3 RBTR
TEAWEFE O B9 FLAR A 1 o, 167 B 5 BE
TE 19 785 BE O 15 mum s S A1 ROV LR 257~ 457, iR
SR BV L 200~ 400 mL « min~ ', BT 15
HSEE T, Wk 3,
A3 15 MEBRIAKILE

Table 3 The experimental conditions

TH 0/ Q/(mL * min ") Re;
1 25 200 4238
2 30 200 4238
3 35 200 4238
4 40 200 4238
5 45 200 4238
6 25 300 6 357
7 30 300 6 357
8 35 300 6 357
9 40 300 6 357
10 45 300 6 357
11 25 400 8476
12 30 400 8476
13 35 400 8476
14 40 400 8476
15 45 400 8476
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Fig. 8 Liquid film spreading patterns under various operating condition
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the central axis wall
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