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Preliminary Research of Regenerative Cooling for Small
Scale Combustors

Dongwuk Jang* - Sungkwon Jo* - Hwangrae Cho** - Jeongseok Bang** - Sejin Kwon*'

ABSTRACT

Applicability of regenerative cooling in 2,500 N-class bipropellant thruster using hydrogen
peroxide and kerosene was considered for improvement performance and application in various
missions. Calculation was performed by one dimensional approach using hydrogen peroxide as a
coolant. In designed regenerative cooling thruster, heat flux at nozzle throat was estimated at 18
~ 20 MW/m’. Designed cooling channel width and height were 25 mm and 05 mm,
respectively. Based on designed cooling channel configuration, flat plate model was manufactured
and tested for estimation of pressure drop in cooling channel, and CFD analysis was compared
with the test result. The maximum error between CFD analysis and experimental result was

approximately 13% and average error was approximately 5%.
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Table 1. Specification of designed thruster

Parameter Value
Chamber pressure 20 bar
Thrust at vacuum 2,500 N
Oxidizer 90 wt.% H,O,
Fuel Kerosene
O/F ratio 74
Mass flow rate 0.84 kg/s
Nozzle throat diameter 29.3 mm
Area ratio 3.79 (at sea level)
Contraction ratio 7.45
Chamber length 192 mm
Chamber diameter 80 mm
Characteristic length 1.6 m
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Fig. 1 Calculation flow chart
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Fig. 2 Temperature, heat transfer coefficient

position in 1-D calculation
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hgw : combustion gas convection heat transfer
coefficient
D: : Nozzle throat diameter
M @ Viscosity of combustion gas
C, : Specific heat of combustion gas
Pr : Prandtl number of combustion gas
Pc : Chamber pressure
C* : Characteristic velocity
R : Radius of curvature of nozzle throat
A¢ : Nozzle throat area
A : Area under consideration along chamber
axis
0 : Correction factor for property variations

across the boundary layer
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k - Inner metal conductivity

t - Inner metal thickness

hew - Coolant convection heat transfer
coefficient

Tgw - Hot gas side wall temperature

Tew - Coolant side wall temperature

Teo - Coolant bulk temperature
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Table 2. Constant of input parameter[9-11]

Value
Inside chamber section
Characteristic velocity 1603.7 m/s
Specific heat of gas 3559.7 J/kg-K
Prandtl number of gas 0.71
Viscosity of gas 9.76x10° Pas
Radius of curvature 43.9 mm

Parameter

Inner wall section
Coolant side wall temp.
Inner metal conductivity
Coolant section
Coolant H>O»

530 K
300 W/m-K

Coolant bulk temp. 298 K
Coolant mass flow rate 0.74 kg/s
Coolant viscosity 115 cP
Coolant conductivity 0.59 W/m-K

Coolant heat capacity 2775.8 J/kg-K
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Fig. 3 Gas side wall temperature and heat
flux at nozzle throat with various inner

wall thickness
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Table 3. Channel dimensions at nozzle throat

with various aspect ratio(AR)

Res AR 025 | AR 05 | AR 1 AR 2
F= g
m 184 | 095 | 051 | 027
(mm)
ez =o
2= 46 | 048 | o051 | 055
(mm)
2 7
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74 (mm)
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Table 4. Specification of designed cooling

channel at nozzle throat

Parameter Value
ALA WY FA 5 mm
=& 5 F2 4YH 2.5 mm
== 2 2 F9 0.45 mm
== 5 {23 7t3 1.7 mm
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Table 5. Specification of water flow test

model for estimating pressure drop

Parameter Value
2 o) 1 mm
AL FZ2 YH 8 mm
== 2 =2 4yH| 2.5 mm
& &7 2 yH 55 mm
T2 M 4 A
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Fig. 4 Picture of designed water flow test

model for measuring pressure drop
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Table 6. Experiment condition

Parameter Value
A5 A &
AA HolEz4 17276.9
AA FHHZE VN 715) 0.030 kg/s
kst st 12~ 26 bar
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Table 7. Test results of total pressure drop

of each channel at designed mass

flow rate
Total pressure, AP AP(bar)
AP of column 1 (Channel 1) 0.55
AP of column 2 (Channel 2) 0.50
AP of column 3 (Channel 3) 0.54
AP of column 4 (Channel 4) 0.52
17
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w
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Row number (#)

Fig. 5 Total pressure results of flat plate model

at designed mass flow rate
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Fig. 6 Uncertainty analysis of row 2

— 168 —



4. ARLBL OS2 A FAI5HA

41 FA&H =4 24
2 @?ﬂlﬁt f%@l?‘éﬂr %Filffﬂémfﬂ Hl

”54 3—1% §—‘&6§E’_%9] 29 %"é?ﬂ “‘gﬂiﬁf
109 47 hY =77 A= FH oW, Fig.
7ol A4S EAt. A" RdY A=
59497070 2] A3} 676,884/ =2 A FH O]
AT dF A EAdZE fluentoll A A Fd=
realizable k-¢ GF5dL AL Px, HA 74
AZAE enhanced wall treatmentES A&
o &7 AAZRHELEZE YFAA mass flow
31, 4789] &A= pressure

a4

Pressure outlet

Mass flow inlet

Nozzle throat

Fig. 7 Grid and geometric configuration for

CFD analysis

’51 A7 HE AA AFE 4
7tA] Alo|2E ARt HlwE Pt
A AAFH] 0.030 kg/sol tisiA =
© 49 34 AHNAMY 4F4AHY A5
Table 8o H Tt HAHoZT AFAFA9} FxX

7

3|4 Ao 22171 10%°)HE Eo0jee AL
g & 5 Uy = =F 5 FEE(row

number 2)& AdneE UHA FIAME F

A3 Ayl APZEAHRY FsA oA ZF3e

AI¥EE BEAY =& % -2 (row number 2)
54

o A% @ AR

£ 4l FEY 24 Aolst BE R
o] Hlg| Atke= Heolth ol Fig. 59 4327
oM B F %ol =E HolAe] HIthH el A
71918 Aoz HEh
Table 8. Comparison of CFD analysis and
experiment result at design point
Column number
#1 #2 #3 #4
#1 9.2% 10.5% 8.4% 11.4%

#2 | -4.9% -3.1% -7.5% -0.4%

#3 7.3% 6.4% 6.0% 6.2%

#4 5.0% 3.6% 2.5% 4.9%

oqunu Moy

#5 4.7% 3.6% 4.9% 5.2%

E°l% Zﬂii i‘f‘ﬂé}%lﬁ}.

Table 9. Comparison of CFD analysis and

experiment result in 4 cases

HeA | Aned
Case #1
. 5.8% 11.6%
(m=0.028kg/s)
Case #2
. 5.8% 11.4%
(m=0.033kg/s)
Case #3
. 5.7% 11.6%
(m=0.038kg/s)
Case #4
. 5.8% 13.7%
(m=0.043kg/s)
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