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Experiments for Combustion Analysis of Hybrid Motor

Ha Yunho, Chang Seonyong, Lee Changjin

ABSTRACT

This Study is focused on the instrumenting Hybrid Rocket Motor of ACPL at Konkuk
University and researching combustion instability by measuring regression rate versus oxidizer
mass flux. In the result of experiment, test fire was moderate and we could acquire data of
pressure, thrust, and temperature of combustion chamber. In the future, studying unsteady
change of regression rate and pressure characteristic analysis of combustion chamber through
hundreds of experiments should be performed. Furthermore, researching characteristic velocity by
taking a measurement of combustion temperature will be inevitable.

E =

£ dyve dsdga 4 —’?‘- 434 o2 sojrs 2 XY 4Y FAE ¥ A
31419 mass fluxe] o& % Wi & @3}@] A& BGAAC disl d7ste A& FE=R
3 Aot Test fireg 32 @J—}, Ago] €Mz 483 JHPH o] Aol FFsAen, PCE 9]
&3t 49, 79, 2% HoHE Tohd F ASE FIF{AH- 7‘133% AE 488 Bt g
&) HZYH Wsteh dad R GHHERELE A7sta, 2R3gosn C(BHEE)E
ARdete] Stolr= RE Y A 540 dFHooF & Aot

Nlo ‘W

LA 2 ARREl] A WEE A7) dhe W A fE0
swirl& FAv a4 d5rlsa 22 S5945
slojuzgle AL AMZAF IH2AL WAF T APl @ AGEE TTMTIE W Bl I

g B2 AHE AU 3] wiEel HI S0l & ATk

"‘°l FoHIR H(l]. agAE EFsln dlojRd= WAdl E0] e A7ae] APHE TR
A& AiEfregression rate)°] RWrh= AU? @HS solEzl= 2A it AP A7) s I

7}ZLL Uck BAEL T#Rle] AEHT SAFHol Sk Arkansas &} Shanks[2] 5 HIPB/GOx

A ¥ gres Fdshe @ JEl o5 254 FIAE A3 4 Sb, B 9 S0psi
o gepx vixpl g 22 B3 e (S 9] elEzi= 27 AY BAE Al dae 53

" Azogta 8393387} (Dept. of Aerospace Engineering, Konkuk University)
" A2y w 7| AT 23 (Division. of Mechanical and Aerospace Engineering, Konkuk Uiversity)

-262 -



2 3% A2 Fuke S5 dlsl A7k
Yuasa[34] $-& Poly Methyl Meth Acrylate(PMMA) S
TAARE, GOxE AR ALgE spjHa= 27
REIE TS QAE ) MAl] ofF s ol
3 Q7S ik 53 swirl number(Sg)oll WIkE F
o dagel WslE APk ‘

B a7 A3Ugn dadd A9 Faes 3
ojHgls 2 BE A AXNE TN & wWE 9
Ao M dge) ¥ 2% W} Ase] mass
fluxol TE 4 W3} & Sl A BMAA
o tis) AFERe AL Bx2 sk o] =3 4y
& B3] A4ge) vida Wl A4 ype) ¢t
YuslEY Saine] WA, 19n 58 Qe
B C(EAREE) 52 248l da BXe a7l
Fck

AR ALY o) WMopsiolss, VAl A
H30] 30g/s W) H Zao] 100NoE HAHUS
o, Pk A4ge) WIE 24 Wil Ago) A
PP Uk TH AaAe) Ye sl ALEQY
AL BT, LT $& 2N Br} FHY o
OJEE U& F Y AYE ¥ Aol Amn:
PMMAS AMS31a glom, 3ol HIPBS AMSs)A
yEe o AYol} :

22 £

21 Agax 74

dlojegls 27 R 4¥PXe A 2A =2,
WA FF MEH, Aojst vlolE {58 A% Ax)
71et ANME FEET

211 23 =g

sl 22 = 4Y PN Ae) 2ol 7)
£ 27238 ugo BH RS AR sN==
£ Zeish AR RESS 8] el Ang
B [6 71914 on) AeE HFPAES AT ==
€ zgeler] Wag Aaee 28 PMMAS UBE
AFEE B 1% dolg Hgsigichd].

8= 0.105x G, "

A7l Aige] YeE mm/sec, Gox9 9=
g/(ct - sec)olck

Rl FEje] Fodol 48 XE § 7 e &
Aeg Faa GaE PMMA, A8ls 7Eaksg 7}
) slelEle 2AL TAEAT: g 9408

Table 1. 26 HAZE EME 8 27X

val
A2 48 200psi
a9 9F 5cm
289 WA 2cm
i 4ol 17.8cm
AtsHA) GOx
1A PMMA
xE G| 4

o] gtEe] HFE Bol ¥ &7] ) S 1
& dad dHS Wpsiz2 WA AABIAS: & 18
s AME FRIT=Y a7RE Ve 9]
o},

212 M 35 AlAdH

AsHAle] FF AeFe] e a9 19 2ok A3t
A A, I8 A4Vt B F purgeE A7) 9
3 FFEe A4S ARE ARt 24 FF3a Ao]
317) S8l &elicol= WEE ALl on, EEino)
E g} solH= RE ] A Hske
PLCol| o] Aojglth:

Manual
shutott
Reguiater valve

Piogsure

wren
Manaal frangaucer

H Chack
shuto Gail valve

veive
Solenoid Sonic nozzle
valve
Hana Thermocoup

Fig. 1. &2t S3A12H F4E

2.1.3 HO{E=X|(PLC), HlolE{ &EXx|

A9 AR AEAlelE 915k Progranming
Logic ControllerPLOE AM8-31t: PLCE AL8-3IA
WAE FHET HSPIA A F2E FEI
purgeE A7le Z2IYL I AES AW
o0 emergency WES Y 0E AR 21g 4
g Aelle 482 A% + A=F =209 ok
AARE A3 BHd B=E Aozt 8 o) 22
2 sl PLC YA MEE z2hes 49
< FYE F Ik

Aol 5328 HlolEE A2lslr] 948 National
Instrument  A}2] DAQ board$} LabVIEWS- Al-8:3}c]
HolH 5 MRxE 743Kk o] Axle %
Ax, A, 224 F HY0) AREE ZE AX
9 AEE WIEY F UA=SE A2e] REEL X3}

- -263-



2 9w, a0 gt ek, e, 2ol delgg YSa
o Aelehe YA A=l 2t

214 MYFR|Y M M

Aoy Al S =2p] Asle] Ay a4
Y SRS TAE Boz Fe A7)T, ae) FAa
BAE 7o) AANZT: =3 dold g5 Axg
PLCE 97 sxA7I 483as 2 338 + 3l
= 9390 PC 702l 23AA A 3zt 483
A URE 2 48 Aol & U=E 38 2
g 4% =5 PC 7Migl2 ubrlerh dofvhs 2e
) BE A5 FA] PLCY| emergency WES )83}
o 4¥E FTHET U=E ek AgAiel 49
Aol AAAR T 9 29} 2ok

BIUEH *—1

e E_
P UL_ GolE! N=2Y
| I—

oo

Fig. 2. &3 x|t 34 FHT

22 A% 1 &4

AE St Eu AY 8iaks AR PC
FHElE AEFL] ot RE-E ERIG O 4¥S
AlZgE: PLCO] Ready BES 23, Start WEL
29 YAt FFE7] AR B 33 AR
g F dlolnzle 2E Yo Ashrl gas] FEEw
PLCoA 2}5o2 Hspgxle) AAS ol 49 &
215 AsARIcE AHsPgxlel] AYE W& F PLCA 9
3 Asoz ke SElcols WHy) 2 A3}
Ao} Fgo] U, FAlo) dh &lo)= W7}
Geln 5 B9 divt Fadoh TEE d4E purge
AL F A AR 2018 HEA dYo] gudtt
I 3Me Age] AAFHR) £ME veRick

23 Agdue} ¥4

TR S E AN PMMA/Gox F314)
& AHERE slojnEls BE AL F 10387} 35
k. PMMA/GOxE A2 AHS3he 3lolnels ¥

#OR :I

1 Helge 28 NAWE gB
eiﬂ_&}_{m"y e ‘{ (25 sec) ‘"’, Start HE ""{ 10 sec)

HAUZH R
32 (1 sec}

GLEE ER

Emergency
He

7} 7V &8 IspE 7R O/Fu|(Zau)E 120]1, ©)
) =2 ALSE AshAe] Hak o] 15g/s0lne A
A AsHA|e) A3 fake 15g/s2 Sl F Wel A
HollA Fe A48 ¥ 20 Aelsigt ¥ 26 Vept
AY AaeS T3] fEiM AF 25 PMMA 18
e} FAIE FAH3T, ol B3l AA ddd 2)
AR B0 Wit Aagg & & ATk

Table 2. O|ZALET MEHELE9 H|L

\ [wewe | [@iwe | [ases g8
(e za— MOT oY) )

Fig. 3. 48 T¥ &4

o) A
o o jﬁ arn | Aas
oy waw
AR5FA@R | ABRFAQ@
(mjs) | mmjs) | S @ | FETAE
Liya | o4 02 3433 314.9
20 124 039 | 019 343.0 315.5

AN 2 FE3 QYFLL O1 49} 23, o
e AgEH AolHE & 3o YeRlIE F
g} Tefe] FEe A v 2o AP v
Wie] oA 48] 7o) oltdE & & Aok

80

60

(ischa.nssexd

¢t b —— e ssre(esh) l R
|

-2 20 % -
time(sec)

Fig. 4. H2A|ZF 10=, &stH 1502 oy

e SR

- 264 -



Table 3. ofl &t 52t A AT Xio

= (psd) FEWN)
345 200 63
Adds 150 35

T39S test fired AY A A8 FRALGS
99 Aol 19 62 APl 22 oA 3}
ol U0 B4E 898 Aol WA B
22 Qs PMMA SIPH BRE & 4 Itk

3 Z

Th

slolBzls 223 wEe) 94 EAS 97 98
A AR AXE A R olE olgsl] A9 7}
2 71 volER 4, 8 &% 9488 Y
& Ak

AAQEME da HAYo) Az IPsh=x), a8
el e SheA 52 BRIk AL ERE 4
dE AYP3CE Test fireZ s Aa} AYo] £l
2 93] Fg=Eo] Adol I on, PCE o83}
o 48, 38, 2% yolg35 Popd 4= 128 ERIE}
ok AFAT A3l PlalR] Beke ol 4
A8 AAEge) Bon A4ET, dex] gl
9] 23 Fo)7] 3l A B QA swirl &
F= 5 7i4de] Ead Aol

olF P AR A4l e s Ak
Al e ks 94 B2H @48 d7she Aotk g
T XL 7IA Abdolng dAE g AsAE B
B3] 3 &Y x53& o8 /) AR 2kl
A%k {580 W 280 WIS ZA4Y Aotk

23

Fig. 5. A &xe A F4E

Fig. 6. =& FWolA 2 5t

228

1. W. R Humble, N. G Herry and . W. Larson, "Space
Propulsion Analysis And Design", Space Technology Series,
McGraw Hill, Inc, pp.365~368, 19%.

2 R Shanks, and M K Hudson, "A Labscale Hybrid
Rocket Motor for Instrumentation Studies', Journal of
Pyrotedhmics, Issue 11, 2000.

3. Yuasa, S, Shimada, O, Imamura, T, Tamura, T,
and Yamamoto, K, "A Technique for Improving the
Performance of Hybrid Rocket Engines,” AIAA paper
9232, 3Bth  AIAA/ASME/SAE/ASFE  Joint
Propulsion Conference & Exhibit, 1999.

4. Tamura, S, and Yuasa, S, and Yamanoto, K,
"Effects of Swirling Oxidizer Flow on Regression Rate
of Hybrid Rockets' AIAA paper 992323, 35th
AIAA/ASME/ SAE/ASEE Joint Propulsion Conference
& Exhibit, 1999.

5. 3HE3, oJAR, selEE= RE9] AAEN ATE
A% A A 2002 A FTFE3] Heus]
PpA67-470, 2002

6. W. R Humble, N. G Henry and J. W. Larson,
"Space  Propulsion  Andlysis  And  Design',  Space
Technology Series, McGraw Hill, Inc, pp.107~120,
179~441, 611, 711~712, 19%.

7. G P. Sutton, "Rocket Propulsion Hements", 6th Ed.,
John Wiley & Sors, Inc, pp502~521, 1992US Patent
5777519 Jul, 1998

-265-



