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Post-chamber Flow and Performance of the Multi-port Combustor

Jungsoo So*, Sora Kim*, Jaechon Song* Donghoon Lee*, Changjin Yoon® and Heejang Moon***

ABSTRACT

This paper describes the flow and performance characteristics inside the post-chamber of
the multi-port hybrid rocket motor. Using the computational fluid dynamics (CFD)
technique, the non reactive compressible flow fields in the downstream of the fuel grain
was numerically calculated. The motor performance obtained from computational results
were in agreement with that conducted by the ground motor firing test. Besides, the flow
field characteristics inside the post-chamber were discussed under different port numbers (1
port and 3 ports) of the fuel grain. The flow pattern showed that the performance of
multi-port hybrid rocket motor having three grain ports is higher than that of the
single-port one due mainly to the difference of incoming mass flow rate irrespective to the

pressure field.

Key Words :
# ¢h), Post-chamber(¥ 7] )

2z dd

A =F 2 9 (m)

A, =% 7 0 (m)
D, RE AHZH (mm)

D, A ¥ AA (mm)
L 93 18l #He) (mm)
FoooFg (W

G, ArBA A FYA (kg/m’s)
m A 3 (kg/s)
O/F 28A «%F ol 9489 %

P, AW e (bar)

o

20079 129 109 E ~ 20073 129 209 AAMgE
*IRYIULW FTLF R AATHR
* gayFusts g FFeF g ZAFES
= gRgFRsn gEer g ATy

HeA &}, E-mail : hjm@hau.ac.kr

ANE DA HF $AE 20041

Hybrid Rocket(3lelBelz 2#), Multi-port(thd ¥ E), Fuel Grain(98 I

P, =F &7 %Y ()
T FEE (mm/s)
7, Ay 2% (K)
vV dg 2¥9 Bg (mh
c* EBAEE(m/s)
1.A4 B

solngle 29 FIANLYHLS F 7HA] bE
2o} AgkAl g Aot 238 FIAAE A
AFos, TR Fejel A8 9 A
sl A £F 2H2 A4 A
olgtAl sk 4ol 71 dg AMgHT U
] 82 solrge 23 g dFe b
ofoll A BwualA AWHI glow, HEA
2 SEUAA, FAE BIAY, 517 Bz o
FAEE, AR 2, U0 54449 QAF
A4 AA R A= ol Fol Uk

ofp i >

—
[y

o i 2 Ho



18 R BB e s B B e 0 B B

F15% 5495 2007« 128 31H

doluzl= 2 RET A4AA YR uHd
59 A a2 RE feddHe dA dsiA
ghapuk-g-o] oA 947t JdHE ¥ &
g dh 5AE AT o] A FA 2
A 2 1A FRH 27 REHSE Aojg da g
A BAS Z3 ok F4EAY d4 €wee
53l 24 E gEduArt £, gd =52 §
a EEAUAR AfEo g BT 4
g & 23 FIAANLHEH FYs, 14 @
5o AA A3AE AHEEE FolEE=E ZA
Ae dad R 39 dooA FaE g7l
aH dg FHoz HAdHo ARE VEAHA
9 ArEAe FlEE d8 7o 2R A5E
£& olste 1f 5AHRB]E A ok o
g AA % JE e A5 ie sldegsy
98 HyoRo dAgEL AFstA 34, 73
ASHE 2422 ZFse o A& AXA
gtk

stojpgle mAe oA B AA 29 AA
ol AAA, AA, A AN Fo AHL 7A
I X, olg A 1A d85o ¥e FEHE,
O/F Hle] Hsgle] 2 ¥ d4E& dHdS
ZEA I Qle] HE8E AYA ot o F W
TEEE HE2T  Ue HA7ede HEEE
H49 d8 ad9S AHE3e H4)L A8 R
T ol & BA W[5, VAR zERI6], B
& A7 288 JdBE AMESE W7, 28
gd Ade & FHES /MY JRE A}
st W8] Tol don, A dAZgqN &
3] Q7= Utk
B A7dMe ol#E ve $ HEZE 19
A FigolA Stelrg= 27 EHY XE 4
W2 dAd Yo BAHE 4 FEFTLS I
Aote, A% diF 9 FHo o IS Fu
Atk A% dde] Fodug d4d ¢H, &7
£z 9 FHe g9y FEHE2, 9444 ¢
=29 7jgtgd =3, agln FRAY wg
£ B3 AAHY, B AFd4s AdsAge
Z1ME #8438 WE 4wF MY zZz=d
‘Fluent[9]' & o] &3t oF TE 7] ¥ U
FE EA4T ¢H BXE 423l gY TE &
7] Awiele] Hojd W F2 WIE E43lazt
g}

i

g oo o J

1

2. aflM = 4T

£ d7e #5¥dsuda stojlngl= 27

AFdoA AFPs HEPXE slolHYE=
A A¥S 7|uoz 3o A fAE
27 A e 3xY §5FY AMdLe 4
atgr). Ax dEl¥e solriz ZARE
2 239 f5Foz A HoE £33 =2
4 FHgo) tiF ojH o] don, B 7 o)
3 339 FEFL SASA AL e AL
Fo] wrfshA B Azt v &-& 2HEA =
D2, B2 Ad3E HEIE SolHds ZARE
9] 37 gt =Zo] UF 32Y H5F A4
& FYPsidct. FFFFUEgn Slojngs B
AFR AFdolA Agg DE]XE dlo|Hgs
2 A% 439 2HE o843y, 3 2A}
g FYstgt. 94 F dg a#€dY ¥
THHA B AFYHNE A HAsPe
W, 948 983 A8 ¢ ¥XE JF 23
S 44 PFygez 3t Fr) AudA =2
ESFNAY RES HA5H o) FAAA 7)
&9 PE-GOX 3lolB#ls REe ZH§ AY
2[10]-& AHEEH L, old] ds] XE Fo uE
A5 EAY 49 EXE @t B GF

g FdAo

)

=
ES
L
%

2-1. 29 el27| He

Figure 12 @ X E slojrzls nd Q47
9] Mgroltl 33X E dg 99l xd 9 ¥
E9 HAS 84& AW, XEY Jgve] o
g 3L 73 vt HEEE deojBE EH
A% AEE AsAVE dad d9dA fds
Pre-chamberd A & d4-¢ wh} dg 299l
o TEURE #F35tH 438 4l dusE
doH AAhE AFdld F7] AWE A =&
€ 53 #%5°] YA "ot

Lo

Oxidizer

Foshg!hamber

14

SA S ST

‘s [/ FuelGrain
; yal < S & S
S’ s P

et
annd

Fig 1. Model Combustor

2-2. X 2o A& HA
£ A7 Fig 19 2d dx7dqx F7 3



¥2YFL YY)
Mo} w3 R

o,
D,

Fig 2. Schematic—diagram of Layout of the
Hybrid Motor and a section of port
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Table 1 Specification of the PE-GOX
Hybrid Rocket Motor

" Fuel Grain Diameter D,(mm) 840

Port Diameter, D,(mm) 10.0
L{mm) 200.0

in Le

" Chamber Diameter, Dc(mm) 84.0
Chamber Length, L (mm) 300.0

Nozzle Expansion Ratio. ¢ 29
Nozzle Throat Diameter,
9.0
d,(mm)
Nozzle Initial Diameter, d,(mm) 14.0
Nozzle Exit Diameter, d,(mm) 13.5

Converging Nozzle length, 70

lc(mm)

1 Port 3 Port

Fig. 3 Computational grid system
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Table 2 Variables related with regression

rate
G, . : ]
N , lmmzs] ™ lo/m| M
(ko/m’s) |7 o) | |0/
1 560.225 | 0.5728 | 0.0034 | 12.868 | 0.0474
3 | 186.742 | 03440 | 0.0063 | 7.1432 | 0.0502

Table 3 Thermochemical properties in the
chamber and mole fractions of
burnt gas

CEA Code
X 1 G | K0 o 06,
P, | T, (/s (X) [(X) ] (%) (X)

Pork| (bar) | (K

1 |10.819|3055.2 | 1476 |0.678|0.161|0.021 |0.140

3 | 11.500 | 3610.2 | 1589 |0.483(0.259|0.121(0.137
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Table 4 Performance Parameters

1/1604.1| 0.740 76.034 -4.836 | 71.200

311794.1} 0.732 90.002 -4.998 |85.002

31, SER 2 ARE

Figure 5 ©d XE9 F7] A
s24e YEhiE, 9% 55, @
g ZAIS AT

9 TES AH$ XEG =Z9
e d9dAe 14 #F50]

A Jololn AHes =Y £52 2

22 frEoE EEH ,\lu% & F Utk

EL ]'Tr%° FES =

o7 Ier\ﬂ-E]\:q
% e v eV LS
£ Q¥oz 7450l

o 5 WG, Gyael $46 B
a0s 5950 AGE 299 2% fe8 A
w2g Faa

_,4 0 rlr i ﬁ

Fig 5. Velocity vector field in the single port model
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Fig 6. Pressure distribution in the single port model
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Fig 7. Velocity vector field in 3 ports model
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