
 

Aerospace Europe Conference 2023 
Joint 10th EUCASS – 9th CEAS Conference 

 
 
 

 
Abstract #XXX (to be filled by the organizers) 
Preferred Topics: PROPHY (3 maximum from the list of topics) 
Corresponding author: MIZUKOSHI Kakeru   
e-mail of corresponding author: mizukoshi.kakeru.48c@st.kyoto-u.ac.jp 
Type: Oral  
Status of corresponding author: Student 
For student corresponding author: student member of one of the following: 
3AF / AAAR / AIAE / AIDAA / CzAeS / DGLR / FTF / NVvL / PSAA / RAeS / SVFW / EUROAVIA 
 
 

 

Title  

Effect of surface roughness on jet impingement cooling of a 
superheated wall 
 
Authors 
Kakeru Mizukoshi 1*, Noritaka Sako 2, Jun Hayashi 3, Yu Daimon 4, Hiroshi Kawanabe 5 
 
* Corresponding author 
1 Department of Energy Science, Kyoto University, Kyoto 606-8501, Japan, mizukoshi.kakeru.48c@st.kyoto-u.ac.jp 
2 Department of Energy Science, Kyoto University, Kyoto 606-8501, Japan, sako.noritaka.32c@st.kyoto-u.ac.jp 
3 Department of Energy Science, Kyoto University, Kyoto 606-8501, Japan, hayashi.jun.7a@kyoto-u.ac.jp 
4 Research and Development Directorate, Japan Aerospace Exploration Agency, Ibaraki 305-8505, Japan, 
daimon.yu@jaxa.jp 
5 Department of Energy Science, Kyoto University, Kyoto 606-8501, kawanabe.hiroshi.4w@kyoto-u.ac.jp 
 
Abstract 
In the development of rocket engines, thermal management is an important topic. Bipropellant thrusters widely used 
for attitude control of small spacecraft and satellites employ a liquid film cooling technique, in which a part of the liquid 
fuel is injected from discrete holes of the faceplate to the chamber wall. The formed liquid films prevent the chamber 
wall surface from exposure to the combustion gases. They gradually evaporate farther downstream owing to the heat 
input from the combustion gases and chamber wall and eventually dry out at a certain axial location. To avoid thermal 
failure, the chamber wall requires sufficient cooling. On the other hand, the increase in the flow rate of fuel for film 
cooling leads to the reduction of the thrust performance [1]. Therefore, the length of the liquid-cooled region (i.e.; liquid 
film length) should be optimized for achieving higher thrust performance and heat resistance.  
To optimize the flow rate of fuel for film cooling, the liquid film/wall interaction should be further investigated because 
the surface state of the chamber wall can affect the liquid film behavior. Recently, Sako et al. [2] investigated the heat 
transfer characteristics between the liquid film and the high-temperature wall. For a deeper understanding of the 
film/wall interaction, the effects of the surface roughness of the wall on the liquid film behavior especially need to be 
examined because the liquid film length drastically changes when the surface roughness of the chamber wall varies 
even though the injection condition is the same. 
Therefore, in the present study, the jet impingement cooling of the heated metal plates with different surface roughness 
was conducted to consider the effect of the surface roughness on the liquid film behavior and heat transfer 
characteristics between the liquid film and the heated wall. In the cooling tests, we measured the liquid film and wall 
temperature simultaneously by using a high-speed camera and an infrared camera, respectively. The cooling processes 
were evaluated by the wall temperature at the leading edge of the liquid film, maximum heat flux. 
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