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Numerical Analyses of Performance and Combustion in KSR-III
Liquid Propellant Rocket Engine with Combustion Stabilization

Device
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ABSTRACT

Numerical analysis was carried out to investigate performance and combustion
characteristics of KSR-III liquid rocket engine with several types of baffle. To evaluate
the change of performance and combustion characteristics with several types of baffle,
the first numerical calculations were performed about baffle tab, radial blade baffle, and
hub-and-spoke baffle. Then radial blade and hub-and-spoke baffle were determined to
design two types of the KSR-III engine with baffles. Also to investigate the effect of
injector arrangements and baffle positions, two types of radial blade baffle were
calculated then numerical calculations were carried out with changing axial length of
radial blade I, I and hub-and-spoke baffle. While axial length of baffle effected to
performance very small, injector arrangement effected to performance largely through
calculations of radial blade I, I From the viewpoint of combustion instability,
hub-and-spoke baffle controlled combustion instability effectively and there was the
performance of hub-and-spoke baffle between radial blade I and IL
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Table 1. Calculation conditions with respect
to baffle geometries

baffle | radial blade | hub-spoke
tab baffle baffle
radial length 50 145 _
(mm)
axial length 90 80 80
(mm)
width (mm)| 10 10 10

Table 2. Spray conditions with respect to
baffle geometries

mass flow | Velocity D;?Zia
rate (kg/s) (m/s)
(¢m)
VMD
Keros) 1 o [K€r0S| 1 ox |(Kerose
ene ene
ne)
Nominal
{no baffle) 247 | 216 | 1581
Baffle tab 26.1 | 22.8 | 157.3
: 180 | 420
Radial blade
baffle 276 1 24.1 { 1565
Hub and
spoke baffle 324 | 283 | 154.3

Table 3. Properties of kerosene and LOX

Kerosene LOX
chemical Ci2Hog Oy
formulation (liquid) (liquid)
density (kg/m®) 795.0 11220
specific heat
(k)/kg - K) 1.884 17114
latent heat
26.1 209,
(kJ/kg) 326 092
temperature (K) 290.0 94.0

ojx AhEtalE LOX(Liquid Oxygen)2 A 4H3HS)
t} Fz A 9] EA4AE Table 3o YEMA AT
Table 2014 B# zZbzhe] S il F3A
ol BAEHL7E EEAEd oA &2vig wEol
= PejolA 7]Ee] BAapy)atalel MEE FHE
o 28| M baffle tab2 1274, radial blades 24

a) Radial blade baffle type

b) Hub and spoke type

Fig. 1 Shapes of baffles in injector plate
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Table 4. 1st calculation of performance in
several kinds of baffles
No | Baffle | Radial H‘;bo]f;‘d
baffle| tab |blade baffle| -0
baffle
Thrust 12.9 12.63 12.42 12.38
(ton) T(-21%) | (-3.71%) | (-4.03%)
Isp (sec)| 215.0 | 2105 207.0 206.3
No. of
Injector | 228 216 204 174
elements

2 o]l &+ baffle tabS EALY] BEoA FHe
Z+de] BAb7l 4 2 vhg FAIECA 12749
BAZIE £&319 &S F&e 97 Ao =
7] ®BA7] BEX OHEE A #AEE ¥,
radial blade®} hub and spoket %7] #4}7] &
¥ FeolA Ho] WMol HAY. Yty og &
Ab71e) FR% EHe Hdd A 2 w9
Bxo 83 F3A9 BEF2HN 1459 a9z
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of WlEL Mg A ol EAr)el 7%
ZaEY, olalg ALY WA EAVIE I
ol Wi E S M AL A5Ase F89
o] gty ddl Vo EAZIE nE Ziugg
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a) Radial blade I (R=135mm)

b) Radial blade II (R=145mm)

¢) Hub and spoke type

Fig. 2 Shapes of baffles in injector plate
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¢) Hub and spoke

Fig. 3 Temperature field in several types
ot battles

B 4 FHe &40 JFHER radial

thated EAb712 Al

Table 5. Spray conditions with respect to
baffle shapes

mass flow Velocity Droplet
rate (kg/s) (m/s) size (um)
Keros LOX Keros LOX VMD
ene ene (Kerosene)
Original 247 | 216 158.1
Radial -
blade I 276 | 24.1 156.5
Radial | 18.0 | 420
blade TI 26.1 | 22.8 157.3
Hub
and 324 | 283 154.3
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Table 7. Comparison of performance in
several types of baffles

No . . Hub and
batfle Radial 1 |Radial II spoke
Thrust 12.9 124 12.63 125
(ton} o (-4.0%) | (-2.1%) | (-3.1%)
B0 o5 | o064 | 2105 | 2083
{sec.}
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Table 8. Geometries of several types of baffles

Radial blade I

Radial blade IT

Hub and spoke

axial length

30 90 30 90 90
(mm)
achal | th ln?rer: C;la‘ 140
racial feng 130 130 145 145 m.
{mm) outer dia. .
160
(mm)
width (mm) 10

Table 9. The calculation results in radial blade |, ll, and hub and spoke baffle

Radial blade I Radial blade II
Original Hub and spoke
=8 mm|l =9 mm|l = 8 mmll = 90 mm
Thrust (ton) 12.90 12.53 12.53 12.68 12.69 12.57
Isp (sec) 215.0 208.8 208.8 211.3 21156 2095
Performance - -29 -2.86 171 -164 253
reduction (%)
S HolFy gl ojet #e 2 GHEL A Aol & Ao n Mzbyic)
A717) Al iz EAbziel A 2 Az
st Zh(film  cooling) B HAWZHhot spot 5 & & 3} X
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G0 e &S sl 552 H) AR E w2
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spoke By FE o] A4k :°r Z3}o] ‘3}'-—% AEE 4 v FF ARE ANTIHE =Yty dxy
2t = A7 A Eojof & Aoy AHEHY
D 71Ee] wiEo] Fztmlx e 2AARG 8] 2) ¥ Aol HAAE A S AHgsian
B8 gasld dee Z4ag vMHESR BAY 120 d5Ed @ AgSEEIA dis) AR
1 HEE @ FaFe] 24 o) Hadio) B sto] Alzbwsle] wE walel gEE A
2) Radial blade I#} radial blade II2] A% & | ol #14] B8 u#e 4 gidomi FHo A
wel) B oAy waiy Palvle] BErE g dixe] Baprviel Bejd 2de HET $£A4
radial blade 17} & 49 oz A& 4 2dL sdste A= A7 1asiojor &
gol & Ao ‘—}E}‘;;‘:C}. k=
3) Hub and spoke ®|& o“i}d AL da
2 adHon A

B¢l 1T 22 4 lR weg g
o8t 9oL} )L:o] 7L)\7]_ E}i

Al n2IAE

A7) o] A 3

W 2} hot spot coo

H
[+}
AG aAPo A HA}/] el dak

BEE ¢ vEHer 2%

Boln Qo odd aye 21

Um'Z}(ﬁ]m cooling) ¥ dd 9T

ling) 5o Wye Fa meq
il A s

ST

AR LA

“3¢td metz Al HEALNKSR-TI ¢

2 3t %‘" %%~‘?~‘é§fi %8l
EE 284 A 28E sydg

of, Ay sige] 3



A263 KOSCO SYMPOSIUM +& 3 49

e) Radial blade II ([=90mm)

f) Hub and spoke

Fig. 5 Comparison of temperature distribution in radial blade |, 1| and hub and spoke baffle
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