e S IELETY

Azt $2 U] S5 B A

Numerical Analysis of Fluid Flow in a Regenerative
Cooling Passage

Won Kook Cho"

ABSTRACT

A computational analysis has been made on fluid flow in a regenerative cooling passage
for a reduced size liquid rocket engine to predict pressure drop and heat transfer rate in it.
The contraction/expansion of the cross sectional area of the passage turn out to increases
both the pressure loss and the heat transfer rate of the duct. The changes of the cross
sectional area near the nozzle throat are effective to protect the throat which suffers from
severe thermal load. Also given is the qualitative characteristics of the performance of the
regenerative cooling system due to the variation of coolant flow rate.
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Fig. 1. Schematic of a regenerative the cooling
passage.
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Table 1. Pressure drop and average Nusselt
number for various operating conditions
Case| Re | dp x10°pe)| Nee | A x10%nf)|  Width
A2] 2 197 1773 501 variable
A3| 3 409 296.7 " "
A4 4 691 3291 " !
A5| 5 102 3%92 " ’
A6 | 6 145 4677 , "
B4 | 533 127 4578 402 | oconstant, 25mm
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Fig. 2. Pressure drop through the cooling
passage

ol =E E RIM f2UF FE5& 77 gE
ot fze WEd Wsh gu FUAE x
=165mm olFdle A9 FHHYU 4FFI}E 7HA
H o7lelxe) Rz 2l zAE BAA
o2 FHAE A #AF 718718 9E & Yok
dl24 Re=4x10'¢) A<, x=200mmolA x=
400 mm7}2|9] FE7eke 12H S 98] 1.33
719E 334 5 dsiME 1.83719e de
ok mF 2o {FE5EA4 disia 13184 e
2 73 Nusselt 95 266018 ol & AAA
T8 280~3159} HlEshA 5~16%2] A& 7R
ok oA f2e BHd Wl 484 gud

- 1A ez FE AAE 78 F e A9

ok SARE & sjMolA O f2e AR AN
Aol Ni Agel FFoz 7h3Adel vhun 34
2 M e JASPS Zoly] YEM FIT
2 F2E 7123 oale ARolnt

2 URY] IRAEAN #33 QdgHe B
A48t Fig. 391 Uehhglen 9xe #29
ol & dad WIS T Wl FAMoMe
golth tHBToRE whiZ {29 HaRM F
AY G 5L Bk ok ¥ 4w As
o fdo] Zyld AT £E/LE BEo wgny
o] thil AlFshe Zol| )%t ol tigh AR
Eoe Fugae my) wth By 759 A
< o) o WA Al 29 guHo) &
W e ol HaHg EX)3 E4gol: Wae)
AZ2ol vlgsiy E2APNER Holmz = 2}
g} mebd gEd zas gdgse Z/pg



50 = = SR & T Z 58| K|
700 (a) 2 -
4 e 250
600F < 00
500 constan s g \l ('**
N \W A/ BN P s Resricr S\
5 400 Resx10" 0 100 200 300 400
Z 300 Restxtos . axial position
\_J\I\/L,’Reﬂxm‘ (b) 2
200k Re=2x10* ~—— c
2 1 N == e
100¢ g mﬂ —
e < 0 SN

00200300 400"
axiall position (mm)

Fig. 3. Nusselt number distributions in the
cooling passage.
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Fig. 4. Velocity vectors for A4 case: {a) at
contraction area, (b) at expanding area.
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Fig. 5. Nusselt number distributions at bottom
wall: (a) for A4 case, {b) for B4 case.
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Fig. 6. Secondary flow vectors, and axial velocity
magnitude and turbulent kinetic energy
distributions for A4 case at x=5tmm.
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Fig. 7. Secondary flow vectors, and axial velocity
magnitude and turbulent kinetic energy
distributions for A4 case:{a) at x=166mm,
(b) at x=168mm,

A7 WEoln F2ol FHSA AL dHANE o
2g B¥7} ol 948 Aotk wHde) Fig. 72
FREH S dHe yehiin or)exe] o]z}
e e gdgdz sl fdd Aok oy
2 fr27t AE BBk AW W7 iRl
HolgolHE FHELEF 29 FAUPE &=t
S Aol fr2d KRR A$H AXFh o]
g AL fsol ¥ JWE Fig. 7h)e] B¢
A= oHds] AP I FRATE ATEIY
AX vl A BAHHEH ol AcH F5H T
fFeatel el o3t FA=n FAE.

4.3 B

4% AH ZAABZIA AHE AqAEG F2of
g AMREAME FPee) gHEd B E¥e
FS dS3en )52 WA dAE % 7
239 Agz 89 F UL Aotk =& & ¥

e

o

2ol Wagzel Ea/A0z sk gEEdol
Z7RIe W olaiEel fUEn R 21
Hol BRaon AWGEol FUIACh WAL 4%
& FaAPlE 8] i FAE 45¢ A
oS3 @9ab) 44% =35 29s AFAHC
2 WA 4 A 2o} BHL 4SS 13t
Aoz Agdtie HolM 2Ae WARAZE W
2 Quolth EF e ws) He des
4% guege Azsgen o WARA A
off B89 & U eIk

& #

Ho

1. D.K. Huzel and DH. Huang, “Modern
engineering for design of liquid-propellant
rocket engines,” American Institute of
Aeronautics and Astronautics, Inc., 1992.

2. G.P. Sutton and D.M. Ross, Elements : the
engineering of rockets, John Wiley &
Sons, Inc., 1976.

3 BE3, A48 g, A4, “dx 2A9R
APz Adolre] dHge] #F $XF 4
T J=EE ety 1997dE $A ged
3] =53, pp.320~325, 1997.

4. S. Ueda, Y. Kuroda and H. Miyajima,
“Bipropellant performance of N;Hy/MMH
mixed fuel in a regeneratively cooled
engine,” J. Propulsion and Power, v10n5,
pp.646~652, 1994,

5 T.S. Wang and V. Luong, “Hot-gas-side
ad coolant-side heat transfer in liquid
rocket engine combustor,” J. Thermo-
physics and Heat Transfer, v8n3, pp.524~
530, 1994.

6. 4=, “ZEvlel] A8 JA4FE A, Al
133  geAdseEExEgy]  A4FRFTES,
p.9, 1999.

7. JH. Ferziger and M. Peric, Computational
methods for fluid dynamics, Springer-
Verlog, 1996.



o

o

H
o
Al
d
]
Ok
J-ov—"
o
Bl

@7, 245, $499, HPE sk = A& 10. AD. Gosman and FJK. Ideriah,
e f-5ol #F £ JF g TEACH-2E: A general computer program
Assl=2F, A7E 63, pp.l621~1632, for two-dimensional, turbulent, recircul-
1993. ating flows, Fluids section, Dep. of Mech,
. Leonard, B.P, “A stable and accurate Eng., Imperial College, London, 1976.
convective modelling procedure based on 11. F.M. White, Viscous fluid flow, McGraw-
quadratic upstream interpolation,” Hill, 1991.
Computer Methods in Applied Mechanics 12. R.L. Webb, Principles of enhanced heat

and Engineering, v19, pp.59~98, 1979. transfer, John Wiley & Sons, Inc., 1994.



