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ABSTRACT

A regeneratively-cooled channel in a liquid rocket engine is used to effectively cool a combustion
chamber inner wall from hot combustion gas, and the heat transfer/pressure loss characteristics should
be predicted in advance to design cooling channels. In the present research, five cooling channels with
different geometric dimensions were designed and the channels were respectively manufactured using
cutter and endmill. By changing coolant velocity and downstream pressure, the effects of
manufacturing method, channel shape, and flow condition on pressure losses were experimentally
investigated and the results were compared with the analytical results. At same channel shape and
flow condition, the pressure loss in the channel machined by the cutter was lower than that by the
endmill. It was also found that the pressure loss ratio between the experimental result and the
analytical data changed with the channel shape and flow condition.
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Ag @ designed channel area

ARge : designed channel aspect ratio

Dy : designed channel hydraulic diameter
Dj,me : measured channel hydraulic diameter
Hg : designed channel height

H,. : measured channel height

L : channel length

Paown : pressure at the downstream point
P, : pressure at the upstream point

V : coolant velocity in a cooling channel
Wi : designed channel width

Wie : measured channel width

AP pressure loss

D : liquid density
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96 2HN - 275 - AEH S FE S AR
Buolzag AT & 21g Aol gt web Ade Ewel WS wnde A%
(smooth wall) AP AHANX S wFEA G (L) =
GHESEAA dolEz S0 we Eq 42 o] &
2. 23 oI st & vk #d93  AA7|(uniform
roughness wall)E 7FA 3 ot 7S 799
Ad W gYEde FAGHeR HNT = Eq. 58 AH8E & ok 9714 AHSHE A
0 oehAE, Y W R WEe PR Bl 2Y)(A)e 494249 %etd A ARE o
Jo ditHos 3 W fEol A% dHEELde vtk Eq 5% AR eAs 1 vhEA
Eq. 13} o] ds = o] W A E£4(4)e TE Toe HolH, F ¢ FAHEE Faud
i whEo] ok £4(G)H FEdeld 9w #[13]9] 112% Table FES ol&3te +& +
Aol F743] WA A7 FHAA E2(4) A Eq. 59 AHgE= 29 ARV(A)E FE
2 RS F ok AMEZ AQelNE F £ ®W AFY|(grain roughness)E © 13 RzE
do] 5 BASA R FEE E4do] vhEd] o SAH= dHolEel 0978& Wit ARG
3 2AsH[10] HFAQd &S dPHer S [13,14].
gate Ae e B2 =¥ ARME dew
&7 2o, B AFolMe ¥ vpEe 9%
Aol dell 23S F A7E FHAG 3. HeiEA R 2y
IN . 2V2 (€=t 1) 31 TR A % AR _
2 ATelMe AA AdEA Ade s
I A ¢ lEs A2 g8 345 7H 579
$r =S (DD R) = Ny - @ Aae AA, AdSdr. E=d 3eyd we
FEFS AHET] S 7He S A
s o EdASE B AWy, A7, SRR RS AfSan. dAd WrAde
a8 #E 32E &4 Holsz 9 IF 4 dolyHe AxA =38 FA HolHES
2 Eq. 29} o] A & ok WwzhAge A Table 1] A2&tAct. CH1, CH2, CH3& §°
7t ads fAbs] wEel @ A gl ¢ A WHAA Ee1E 05 my STHIRe
HAAL AR vl £AAE dA] 9IS B, CH4, CH2, CH5& 9% Ad =ololA Y
We AAEY] WE AdundgE ngAs  HE 10 m¥ 4 F4E e ok 5
Knc) S AHE3lor ok HAEAom Az FF BN Ade] dd W, dH Zolo w
Aol A W vhde] olg dPeAe Eq sz T GHEAS WIS Ans] et A4
2ol ¥HY 4 9 UHlsh golol distel HAASE W¥l £ 0.05 m
Ak Well A Aol Sz HAH. Ade] Hnlet
APy =k Di p;/Q o = H]—E— 334 zx%i g ol g loq# 7‘cj wepo 2
h 5 RS Adste 243 s HAEs

Ny =0.3164/ Re®® (4 X 10° < Re < 10°)
1

(1.8 X logRe —1.64)*

(Re > 4x10%)

ar

Nir =o.11(A+%8) B A=A/D,

Table 19] Ad A dolgE o] &3l AF
23 e %}Eéééal HolE & o =317 935
S F33tAT Eq. 49 smooth wallS 714
3le] A4k F33le] Table 20 F3tIth A
£ fAE 29315 K, 1.01 bard] HEHY B2 7}
Faanh. &9 AF vlEste] FFHEA o
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Table 1. Designed and measured geometric dimensions
of the cooling channels.

Table 2. Experimental conditions and calculated data
for the designed cooling channels.

Specification | CH1 | CH2 | CH3 | CH4 | CH5

Item CH1 ‘ CH2 ‘ CH3 ‘ CH4 ‘ CH5

W [mn] 20 | 20 | 20 | 10 | 30

V ["s] Mass flow rate [kg/s]

Hge [mn] 15 | 20 | 25 | 20 | 20
Age [mii] 30 | 40 | 50 | 20 | 60
AR, [m] | 08 | 10 | 13 | 20 | 07

Dig [m] | 171 | 200 | 222 | 1.33 | 240
L [mn] 100.0 | 100.0 | 100.0 | 100.0 | 100.0

Ko, cir 1.01 1.00 1.01 1.03 1.01

Cutter

Wi [mm] | 2.0158 | 2.0076 | 2.0155 | 1.0040 | 3.0222
Hye [mm] | 1.5093 | 1.9764 | 2.4534 | 2.0382 | 2.0286

Dpywe [mn] | 1.7262 | 1.9919 | 2.2130 | 1.3453 | 2.4277
Endmill

Wise [mm] | 1.9849 | 2.0028 | 2.0029 | 1.0375 | 3.0056

Hye [mm] 1.5670 | 2.0797 | 2.5860 | 2.0885 | 2.0693

Dyme [mn] | 1.7513 | 2.0405 | 2.2574 | 1.3863 | 2.4511

Z4%e & 5 gon, f&o] 10 %3 A %
gl oA g AREE e o
248 dolge dhwe EAZ A Ao=
ol = Ak

A shEuge] we ¥wW AA)e gekA
A BT Eq. 5elA9 2ol B ARAE e
EAo] AL F7] wFo] ol YT HEES

RS

T ol e ¥W AAVE S W
WS ALL3L4th Table 20] 23 € HolEE A

1 B2
Fol 7tsEEs ¢ F A}tk
HZ 7l "ol 25 o £2 %W AFVE
ZHA =St BHA|RE o] AWEsAl ) 7]el= of
Zl "olgrt B3ttt A ZE T

A8 23 =y 33 28 Fig. 190
et ok 2319 =99 ofg AIRE CH1]

10 0.0299 | 0.0399 | 0.0499 | 0.0200 | 0.0599

20 0.0599 | 0.0799 | 0.0998 | 0.0399 | 0.1198

30 0.0898 | 0.1198 | 0.1497 | 0.0599 | 0.1797

V [™s] Reynolds number

10 17119 | 19972 | 22191 | 13315 | 23966

20 34238 | 39944 | 44382 | 26629 | 47933

30 51357 | 59916 | 66573 | 39944 | 71899

V "] Adr - smooth wall

10 0.0277 | 0.0266 | 0.0259 | 0.0295 | 0.0254

20 0.0233 | 0.0224 | 0.0218 | 0.0248 | 0.0214

30 0.0210 | 0.0202 | 0.0197 | 0.0224 | 0.0193

V [Ms] Pressure loss [bar] - smooth wall

10 0.8133 | 0.6654 | 0.5865 | 1.1339 | 0.5367

20 2.7355 | 2.2381 | 1.9729 | 3.8141 | 1.8052

30 55615 | 4.5504 | 4.0110 | 7.7545 | 3.6702

Table 3. Surface roughness measurement data.

Item Ra [m]Ry [mm]|Rz [im]Rq [m]| A [xm]

Cutterl 039 | 164 | 136 | 047 | 1.33

Cutter2 034 | 153 118 | 0.41 1.15

Cutter3 047 217 1.69 0.55 1.65
Averged
Cutter data

Endmilll 0.40 2.76 1.78 0.54 1.74

0.365 | 1.585 | 1.268 | 0.442 | 1.240

Endmill2 0.44 247 1.64 0.53 1.60

Endmill3 041 | 248 | 1.89 | 050 | 1.85
Averged
Endmill data

0.417 | 2.570 | 1.770 | 0.523 | 1.731
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Fig. 1 2D drawing and 3D model of the straight
cooling channel specimen.
Fig. 2 Photographs of the manufactured straight
cooling channel specimens.
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Fig. 4 Pressure loss data as a function of the coolant
velocity (upper: cutter, lower: endmill).
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