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Testing and performance analysis of a rocket’s hybrid propulsion system

using various types of nozzles
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Abstract
At present, the development of rocket propulsion systems must concern characteristics of efficiency, safety,
environmental friendliness, economics, and the ability to control the on and off of combustion. Therefore, researchers and
engineers search for alternative technologies by applying theory in practice, which has resulted in compulsive

innovations and hybrid propulsion systems of rockets. It is unique because it incorporates the advantages of solid and
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liquid fuels. Hybrid propulsion systems are a consolidation of a liquid oxidizer and a solid fuel. This research focused
on testing and analyzing the performance of a rocket's hybrid propulsion system using different types of nozzles. The
study involved the design and construction of ten different types of nozzles, divided into 4 grouped as follows: 1) conical inlet
and outlet with different outlet diameters, impacting nozzle length, 2) cone-shaped inlet and outlet with varying throat
diameters affecting airflow cross-sectional area, 3) cone-shaped inlet and curved outlet affecting airflow characteristics at
the exit and 4) inlet and outlet angles of different sizes impact the nozzle angle slope with the reynolds number less

than 1x10". The test results showed that group 1 thrust force had the highest thrust, and the highest specific impulse

value belonged to group 3.

Keywords: hybrid propellant, solid propellant, liquid propellant, nozzles

unin

o

qmmuﬂﬁumqammm ﬂﬁ‘]_IV]‘UTV]ZE’] ATY

<

al

AnfunisimunlssmAuasinanniiiaganni
' ¥ = o a \
1AAMINAN A TUIAELT U TUINRUNIAA LT
~ = = %
AN FEUUARANT LasnAlulagn1eANuIE UL
TUAUTBIATINNTURI AT HIAZHYHETLND T
Asia Aeinallagn e f T ussLUTUAUIR9R39 A
=S v o ] S.Iddal d‘ o
ARLIMIEWTTLILANG <) Windwneaulasasiy
Uszndnanldane Ui psiuAwndanuazAad
awsalunsmuAxnadawayl aveanaumn il 16
laqiiuliinnsRsauar BN ssUUTUAUIBI2 99 A
C A v o 4 -
ynesinasaiiedlidnasussuud Ui uMULEeINA
wi92993390 NI NedANal s A TERN191N
VanadkdaNInadaukazIdaluasinn1NLig
wileldens (Singh, 2013) sanviasialafin1sa519asqn
AHEmlade el luNmInenat (Cortes
etal., 2013) wananR NN Ra eiiainaai
Widamawdangdanniesunaan (Okninski etal.,

a o

2015) wazsuinenaslullssmalng lEinmegay

' v
&K

TRNAIWTIN N84 (Suksila, 2017) @91n1939 8

HATWANLNTIDI UL LA UL BLNAS L B eada 39

Adutwdumalulagnraaenin sy aauanla
as1917n Ineumanenaelusnedsemalainas
piiunimmageulaseasanntdszuuduau
g a - A a o
UL TRLNAAlaLTALN e d9nNL A NIUIALAN
(Tsohas, Appel, Rettenmaier, Walker, 2009)
:/I v a v dl v
wanantuliiniseenuuLwaza519asan N b
o o dﬁl a a va U v

sruudussuu@awmaslanialagliinasldasia
wazldenuad (Corchado, 2016)

dl = o o dl’j a

HaaanmATLIAE 89T LT URUMLILITRINA S
latFnresarmingsideanin uEes e suan iy
spingmamAeg luanuzaesudsiueend laes
J4 o Yo d .
Pagluan g muisinataduginanisanuuy
. 4 o s e
Anmnuziawy? Taduginmninsmnuiaaedfingien
WaLdusdusuamaiudaulung nad neuagaae

o A gy a a

nnseenuLLidasn nan T luanwnnzan Tneuunn
IENABADALAYILISINRAdNARaaNsTIWE Hang
21n1ANNIMAaeIR IR Nsen AT (Singh,

Zerpa, Partington, & Gamboa, 2019) Tugdauaaanig

' '
a A o

AnwiaannA T luafdNiuesnIngn 1x10*

o

o o o a
ANTHUZVBINRANLT ULLLTZHS (bell nozzle) way

WULINg9E (conical nozzle) NNAAN < Winril 1w



RMUTSB Acad. J. 12(2) : 275-292 (2024)

277

ATABARA ANAITNENITINGREN Winanuansnaiu
o A ! P R
HatINHeIRINHATRIANANNUEATN INARATRYH
AN e Liunslvae (Arington, Reed, & Rivera,
1996) dausrLLdUMULLLITRNASLEL3AYR9A39A
wuag@aulving i unfsaanny ludouessnduay
& a A add o o -
WLLIE RS LA N TR AlenNZIULIRE (Tsohas,
Appel, Rettenmaier, Walker, 2009; Corchado, 2016)
ﬁﬂﬁu%ﬁﬁ/ﬂaﬂLﬁudﬂﬂﬂﬂﬂ’m’]i‘ﬂ‘ﬂﬂLL‘LI‘LIﬁ/"JamLU‘LI
ZaNY! UHNAUTTULTU AR LILE RN A LEL3 A Ay
ansoi Widnlanmsinauuardiranzinuan
o dﬂl val o dl
IAINNTNNNULBTEULR TR A NSO AUNIZANLD
o a o o o dy a a Aﬂl YU v
FranrusrLuTusuULEenas laBane 13 i ua
Aagetunaztn 1 Fasinsunsnasluau ansiall
o Aya o = = = o
Meilgideasaulamnwineaiunis
NAADLLAZILATIEHANTINUSTAITZULTU AL
dﬂl a a Y oo a 1
dewnaslaiinresmningliinanwuusi o) o
Azl edluad Yniuesa1ndn 1x10* 1ilegann
WuszuuauaLan (Arrington, Reed, & Rivera,
1996) ianazuiiveanidu 4 ngquaa LEuHY
AUINA1INN908NINRAFIAW LERHNWANENANS
2E9ABABARNAYE NINTEDENIAUGEILAE
wuudATRsagnIeinugean waryuniadi
- e A .
LATNNRANNUUIALANANNALY aganidusauls

o

o tdl 1 o v =
nanndsnanilivinany

o

neuelAnNFANaiuaan
WATENHARRANTIOUSTIRIYWIRA (Singh, Zerpa,
Partington, & Gamboa, 2019) $aNWILNANEN
NOBPUATUANNIININIULBTTUUTUA BRI Y
ViRLNAS b ELIAYR9A3IANAAB LT LU LT U UL
dlel a a = a =
\wandslauznaesasanlaainisqassidauas d

nsn lndiaesssuuuaslgduuudanainga

o

Ay P & =
WWNWiﬁ@@ﬂLLUUVLQ UANAMNUUNBIAATRUNNN

q Y]
1

uwazanAuluinsn vl Sar1gunnRnnisesn

£
o 1 o o o =l

#2A TAATWINTUIDITTULTU AULLLLTALNAY
1813AU89939A LATATUITUNIATLIIARRNIY
ATLTIAANINNA TALAITRILINTLLAZLIIA D
ANNNTAz WAL N AENNLAT ST AN I TD UL
& . . D de as -
a93:UUBmN I AT UTuA AR 1Az mL A A
o & ) | ° | A =
WNTUTW uATILINARSNNIZI VAN UANDY
Use@nsnnaessiaan (Arrington, Reed, & Rivera,
1996) Iaan1sAnuiainnsnunligniseiune
ANTNLABITZU LT U AL BULLTER RS LT AL
WANWIATANAINTD TN LU LT U AU LU TBLNA
lazafild 15 8l
TnniszasAraIn1sIas
1) AN INOHIUATUANNITNNIULR
SrULTUALLLTR A la13AT8999m
2) enAdeUsTLLTUAULITmaINRS La13e
= o dl v %
1p9a99n e gUuuul aeiaaanun lfeanuuuls

a

3) WaNARILIAAIGUUNNUAZAITNAY

Tudteunlugd SaAranmnINn19eantiags

El a

4) WNaNARAUIAATLINTUBITTULITU MY
wULEewASlaLAT89a A

5) WBATUININATLNARRINNY ATLINAR

v
o

MNUNA

A8n1sANEN
TUAIITNARBLLATILATIZTANTITOUZ D

srUUTUABLUUR WA baL3AU09a 9 A le o 14

o [

aaauuusne 7 §adeldanliunisfneiniu

a

£2
o Ao o

o =
mqﬂ@zmmmms HIZNR RS



278

LuNTA. 12(2) : 275-292 (2567)

1) TunsAnE moEuasnannIImeIuLes
o o d’l a a va o v
sruuduAuLuU@eInatlaiaresasn §ra 1
Ao aad o o =
PIUTINBNANTUAZINUIR LN BTN UNG 1T WAL
PANNIINIULBI TV UL AL e LA bau3 e
2489999/ (hybrid fuel of rocket propulsion system)
o o gy o & a
WU LU UAUN M TN ANAWIZWINGTRNGS (fuel)
e luannurresuds dowsendlaied (oxidizer) ax

ot luanuziluveavatdiutlszneuessruudusiu

ignitor

valve

injector

fuel grain

puLanwadla13Are9a39n Wy d9aend lawmas
(oxidizer tank) a4 lunFasanlafvzanandiay
9141 (valve) il aida-Taszuy Wadn (injector) 1ile
a a c v v Y o a . .

Anaand lamefidintieannlnd siaqmszidn (igniter)
ann linawlan i @emaanenaniLeent nwes
M linaninen udasldnanainduluasuvse
polyethylene (PE) waz#iaanm (nozzle) MutinNasg

WaNTUR9R99A A9 (Figure 1)

nozzle

[

Figure 1 Components of a rocket’s hybrid propulsion system.
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Table 1 The sizes of all 10 nozzle types.

N length convergent  length divergent
nozzle no. D (mm) angleandB D, (mm) type
(mm) (mm)

1(G1) 6 o=p=13° 70.80 137.50 137.50 conical-conical
2 (G1) 6 o=p=13° 52.00 145.00 95.00 conical-conical
3(G1) 6 o=p=13° 37.00 142.00 63.00 conical-conical
4 (G2) 6 o=11, B=13° 70.80 137.50 137.50 conical-conical
5(G2) 7 a=11°, B=13° 70.80 167.00 138.00 conical-conical
6 (G2) 10 a=11°, B=13° 70.80 168.00 137.00 conical-conical
7 (G3) 6 o=29°, (5) 70.80 59.00 37.00 conical-curve
8 (G3) 6 o=33°, (4) 70.80 49.00 51.00 conical-curve
9 (G3) 6 (4), (4) 70.80 58.00 57.00 curve-curve
10 (G4) 6 a=14°, p=24° 70.80 130.00 73.00 conical-conical
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Figure 4 The 10 type of studied nozzles.
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Figure 5 Various measuring devices.

4) lunImegaLdnA LT ULR9sE L LT UA Y

WUEaWAS lELTATedamen avlinIRaialuanlmas

' v
a a v o

nEnRugulneac g AaR LT A IANTA
. . . ed .
fulnasmasuazsulnangasiiatiniaun miuay
AR pusst U sz LLTUA L Masa N e aniaad
Tauuseanszinazdedryunalidndinldfasas
o = o P -
wenadtynuastiuinsaldluAsespaufiome§
5) TNIATUIU ATLINARRUNIZ ALINAR
NIV TUAIULBINITANUIUATUIALTIARR 1NN
s & T R S
(specific impulse, [ sp) Aeussduseiminigenas
AP auiunada i uwFauneulssdnsninaes
d’l a 1 a al 1 a a o
Famaaw avanalngdmicedludunm (s) Asanng (6)
Tudauaeausanarianue (total impulse, I¢) a11190

1 d’l a6 v o o
wldannnisudunlfinsawaesuseduduinan

Tnevaeaaausnananunma N.s



RMUTSB Acad. J. 12(2) : 275-292 (2024)

283

Isp = F/(mg) (6)
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Figure 7 Various equipment of the oxidizer system.
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Figure 9 Different types of oxidizer nozzles.

an (Figure 9) Wianeand latgaiNunun
o A r-ﬂl A o a o
Anaaniialdluntmeasuitansendlaiges
Tagazvtninauifnsudiiugannaey Tnald
uandadiaaus 6 unilaesdinliluganaaay
LAZIINTTTAAIINLTIZRIBINIATIINEANATN

o < o a

2an annimadauazlfiniuiiiresiadn

v
a o o a

fanaeg Manneunansane waziaaneindu

=

o

@ 7.55, 3.27 wae 2.03 WATARAUNT ATNANAL

o))

v
a a a a

= a o ¥ o v
geluanuiqatazldvangininasqiiuiagn

28NT LEas

damdslunsidedasld dema ey
wiswarainanan PE Taedauméusinugudnans
66 HARLNAT AYINENY 100 HadLAsineAziigiany
AINNANIUIAEUNIUAUEINANG 12,50 HAALNAST
U5 1uau 10 winwinfudtwauiaaadiagiang

nagau # (Figure 10)

Figure 10 Fuel (PE).
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Figure 11 Characteristics of testing of rocket hybrid

propulsion system.

Table 2 Shows test results of a rocket’s hybrid propulsion system using all 10 types of nozzles.

force combustion combustion exit temperature mass flow specific total impulse
nozzle no.
(N) pressure (psi)  temperature (OC) (OC) rate (kg/s) impulse (s) (N.s)

1(G1) 4.10 50.00 951.00 136.50 9.00E-04 464.40 205.00
2 (G1) 4.50 11.00 910.10 143.00 8.20E-04 569.40 225.00
3(G1) 4.30 11.00 912.80 166.40 1.20E-03 371.50 215.00
4(G2) 2.60 14.00 936.30 214.50 6.20E-04 427.50 130.00
5(G2) 1.80 1.00 1,166.50 164.00 1.30E-03 141.10 90.00
6 (G2) 2.10 7.20 846.50 301.10 1.10E-03 198.20 105.00
7(G3) 4.30 11.00 849.60 130.80 1.10E-03 405.90 215.00
8 (G3) 2.70 6.20 918.20 1,350.00 1.20E-03 225.60 135.00
9 (G3) 3.90 7.50 524.20 412.20 4.00E-04 993.90 195.00
10 (G4) 1.60 21.50 67.00 150.20 5.00E-04 326.20 80.00
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