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Abstract

The insulation performance of a common bulkhead propellant tank for small launch vehicles with variations in
insulation thickness was analyzed. The common bulkhead propellant tank composed of a single part allows for
lightweight design, as it eliminates the need for tank connections. However, problems such as propellant loss and ignition
delay due to heat transfer caused by temperature differences between oxidizer and fuel may arise. Therefore, it is essential
to verify the insulation performance of the common bulkhead structure that separates the oxidizer tank and fuel tank. In
this study, transient heat transfer analysis was conducted for propellant tanks with insulation thicknesses of (50, 55, 60,
65, and 70) mm to analyze the insulation performance using boil-off mass. Subsequently, the boil-off mass of the oxidizer
generated during the first-stage flight time of the propellant tank was determined. The results confirmed that increasing
the insulation thickness reduces the boil-off mass, thereby improving the insulation performance.
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Fig. 2 2D Axisymmetric Model of Common Bulkhead

Propellant Tank

Table 1 Dimension of Common Bulkhead Propellant
Tank (Foam Thickness = 60 mm)

Dimension [mm]
Total Height 2395
Diameter 2000
Foam Thickness 60
Skin Thickness 2
200
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Fig. 3 Mesh Convergence Test of Common Bulkhead
Propellant Tank
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Table 2 Thermal Properties for Transient Heat Transfer

Analysis
Conductivity SII){eeC;[IC Density
. 3
[W/mK] [J/keK] [kg/m”]
Al-alloy 154 880 2700
Gas 0.0085 976 5.8
Oxygen
Liquid 0.1468 1708 1127.1
Gas 0.1146 2220 1.9
Methane
Liquid 0.1929 3436 432
Foam(insulation) 0.0370 1751 80
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Fig. 4 Flowchart for Boil-Off Mass Calculation
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Fig. 5 Temperature Distribution of Common Bulkhead
Propellant Tank (Foam Thickness= 60 mm)
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(a) foam thickness= 50 mm
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Fig. 6 Temperature Distribution of Common Bulkhead Fig. 7 Foam Thickness vs. Boil-Off Mass of Transient

Propellant Tank (Flight Time= 180 s) Heat Transfer Analysis



AFUAA FEA 204 8] DA T Aste] the IE A 84 75

4. 48 A nF

2 ATl s 2T TEAY FA B &
A FA Mol whE Gd Fes e Hs =
A s FAs3laL, 715k A A& sho] vlast
Atk A=A P22 TEAH ] GdA F717F 50, 55,
60, 65, 70 mmQl FxA] B4 ZES oz aiis
T3t o wf T o] WEste} a4 AR TS 9
a TeAH FA WA s 22 F oY 2w
BT ool XA WA WiRe] A, FXA
g3t 2 7] Abol o] i EdEE uEd e S
s T 7 Gdol dote 944 =8AE
ofgtglar, Ak F ddEAFE A&skltt. 1 A
A FATE SIS 7|8 Aol st ©d A

3} o

glatalet. =gk F771 60, 65, 70
mm & o] 7|3 d&o] 0.1 kg o8/} Ho] AA 21&

B AN 324 B39 18 ¥ @A 7H= 180 5)
Bt WA ste AstAlel 715 AFE mEeack el
FF OGN AFOE 3} BYSHE L2 A F
A V7o) SEAb] e WEAR e wAsHE A
WS Fhdon ned A9t a8 2a0t A
el E B7en B vl £EE vk FEAY
T2 B9 4% RBu ohe T2 hde] med B
g A NFES £Yl B9 Aoz AuEd

R e LEE FERERE B LR Al
gl zsolzstolofolitl ol a1
(No.2021M1A3B9096764). H3gt o] A7+ 2023 A%
AR (el AQoR FRATA ] A 9L wo} &

ge 71 24T A 9 (No.2022R1A6ATA03056784, No.

2022R1F1A1069025).

References

[17 J. S. Choi, H. I. Huh, and W. K. Ki, “Technology and
Development Trends of Small Launch Vehicles,” Journal
of the Korean Society of Propulsion Engineers, vol. 24, no.
S, pp- 91-102, September 2020.

[2] Y. P. Singh, H. Singh, P. K. Sahu, and R. Muthukumar,
“Common bulkhead tank design for cryogenic stage of an
Indian launch vehicle,” Defence Science Journal, vol. 72,
no. 1, pp. 3-9, January 2022.

[3] C. M. Lee, C. H. Sim, and J. S. Park,” Thermal Insulation

Performance Comparison Using Boil-Off Mass and Boil-
Off Rate for Common Bulkhead Structures of Space
Launch Vehicles,” Journal of The Korean Society for
Aeronautical and Space Sciences, vol.51, no. 4, pp. 227-
234, April 2023.

[4] F. Barato, “Challenges of Ablatively Cooled Hybrid
Rockets for Satellites or Upper Stages,” Aerospace, vol. 8,
no. 7, pp. 190, May 2021.

[5] N.K. Cho, D.B. Seo, B. I. Yoo, S. H. Kim, and Y. M. Han,
“Investigation on Chilling Procedure for LOX Supply
System for Liquid Rocket Engine,” Journal of the Korean
Society of Propulsion Engineers, vol. 23, no. 3, pp. 119-
126, May 2019.

[6] Korea Aerospace Research Institute, “Common Bulkhead
Propellant Tank Development Specification,” SPPO-SP-
LV1-001, Ver. B, 2022.

[7]1 B. Szelinski, H. Lange, C. Rottger, H. Sacher, S. Weiland,
and D. Zell, “Development of an innovative sandwich
common bulkhead for cryogenic upper stage propellant
tank,” Acta Astronautica, vol. 81, no. 1, pp. 200-213, June
2012.

[8] Z. Q. Li, B. H. Nan, T. F. He, and G. X. Feng, “Study of
bonding technology and property of foam-sandwich co-
bulkhead of cryogenic tank on launch vehicle,” Materials
Science Forum, vol. 817, pp. 639-644, May 2015.

[9] S. Sumith, and R. Ramesh Kumar, “Thermo-structural
analysis of cryogenic tanks with common bulkhead
configuration,” Proceedings of the Institution of
Mechanical Engineers, Part G: Journal of Aerospace
Engineering, vol. 236, no. 5, pp. 900-909, June 2021.

[10]D. K. Choi, J. W. Choi, S. Y. Lee, and J. H. Roh, “A Study
on Thermal-Structural Analysis of Common Bulkhead
Propellant Tanks Using a Two-Dimensional Axisymmetric
Numerical Model, ” Proceeding of The Korean Society for
Aeronautical and Space Sciences Fall Conference, pp. 83-
84, November 2021.

[11] The Engineering ToolBox,
https://www.engineeringtoolbox.com/

[12] NIST Chemistry WebBook,
https://webbook.nist.gov/chemistry/

[13]S. M. Tak, J. W. Park, M. K. Kang, D. J. Park, J. S. Lee,
and S. S. Lee, “Transient heat transfer analysis of inertial
measurement devices by outside frictional heat,” Journal of
Aerospace System Engineering, vol. 4, no. 1, pp. 32-37,
March 2010.



