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ABSTRACT

The mathematical modeling applying experimental coefficients to a conventional model was
validated through the hydraulic test for the components and the full system of a small-sized
liquid rocket engine’s propellant supply system. According to the simulations, pressures difference
for the fluid resistance components and the pump were mainly predicted. In order to improve
the modeling accuracy, the loss coefficients obtained by the empirical method were applied to the
modeling. Based on the governing equation of the flow or the well known empirical equation,
the method of deriving the empirical coefficients was summarized and the coefficients were
presented for the commercial products used in this study. The prediction results by modeling
were in good agreement with the experimental data. Through the comparison with the
experimental data, the factors affecting the accuracy of the simulation were analyzed and

improving methods of the accuracy was proposed.
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Nomenclature .M B
A : Area (m’) AAzAe] FHA FFA I HHe a
B : Impeller blade angle (degree) T FEHE wEee FAA el tistd {4
D : Diameter (m) Agazole] A D FHEAE =EHD
oERE didel 87 UL FFHE Y
e : Roughness (m) .
Azdlel 4 EEeE goz AgHn.
: Fricti fficient
f rietion cosment i debd THaAE Aole] frarel WE b
g : Gravitational acceleration (m/s") 3 dZ=e A7 A% s glo] WaHel &
Ho ¢ Pump exit height (m) olth wrebA QA ZAAR S Aol 23} F-B3}
K : Loss coefficient A BE Afo|Zo] ZE 949 YA 2HIT &
L : Length (m) ARG Le e A™T 2dy 7Y SR
N : Number of experiments HAZADZ FhZel Qo] FaF 242 1
NV : Needle valve 4. fFAAGeLsE B Wy, ooy, e
59 FAA HFgor Hgde Q42 FA
P : Pressure (Pa)
5ol Atk YWHOE o] YT 8AF] F =
PT : Pressure transéucer dgo Bed Edo s|ue o]2H muo)
R+ Ball valve radius (m) A9 HelHE ol 558 AYAFE Fohe
Re : Reynolds number = owxog FgdEril]. R $FHAAT
Ir : Turn ratio o AAZAN mdH&AEHOIH TR0
Xi : Experimental value Z "= NASAS ROCETS[2], ¥E JAXAS
X : Number of needle valve turn REDS[3] 3 fridel ESPSS[4]7} EA7teh. s
v : Fluid flow average velocity (m/s) LTEIRSS Udd A4 Help=ry =9
s FHE WS Qom dY Ans 5
m : Mean of experimental data
: eI desd AT =& Agx=E &
m : Mass flow rate (kg/s) - , -
naqt ol9 o] B FYEF BHow &
KQ : Rotation speed (rad/s) = maggAEdold T2 Ul o)
e : Band angle (degree) A A3 dHolgy) BeAow oG
0 : Density (kg/m?) AFT =219 Yox A% )4 AHAFGE
T : Ball valve position (%) Fg 9 ASe FHoz AN Az=de] F30A
TEAS BAR AY AAE o8 AT =
Subscripts WeHgoexg nofstA A= ATS]. Spiller &
(61 48§ 71o1HLE Agstel ArPxL Abo]
2 ARe mAR 4Y 3T PSR, 1)
c : Critical L L . o =
A2+ hydraulic oil Agip OSO 465 AH&-31%]
o nlet o AP Ba Sucd 0e @zel A
out : Outlet frel fE gEEde) 4% e =259
t : Total ot} Talik 5[7]& 58 22 kNF J7|HZ Aol
ball : Ball valve 2 A 4siA FxzE A EE 2
™M : Flow meter ARgste] freFol tiE HE Ao Ae FAdE
S2at QY SE1e AF #F 8 m'/h,



243 A6z 2020, 12, AN FIA SSALE F=Y =HY U HSE 145
Bz AA FF 18 mel tg 7 AY AAE o] A9 ¥y wpE 9w S35 P4 B4
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TE2 FA % 1 kg/s A5 32 1 o4 Wil HARSIE T AFoRE AdE T
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of BAGE 1o g 1 o]ste] A7 fFo| &) < Eq. 19 &dAF S99 o2 9
Fete A% Azl g mdy 9 HF: 43 [1] 9% BAAS A&t FF 129 =
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7 : valve position

‘ r = 0% Closed
‘ 0% < ¢ < 100% Partly-opened

7 = 100% Opened

Fig. 1 Schematic of ball valve.
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Fig. 2 Schematic of valve.
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Fig. 3 Performance map of needle valves.
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Fig. 4 Performance map of pump.
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Fig. 6 Schematic of test stand.
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R FEE dd 33 AHLe dedt gEe 15 x10°
BA(PT1), B WH FOPT2), I FH(PI3), — Simulations
I3 S9(PT4), UE WHE 1 FHPT5) 282 3! = Experiments
= HH 2 IHPT6)Y F 6/ ARE S 2.5
Adtt. dHAME=  Sensysiibe]  ‘PHP-C-0010- 7 o,
BCTJ-FC 2&e AHg3l9on §3A1E KOMETER o
kel NK-250Re e A8stat f3e P s
AG(EML), FZ FHEM2), Al=" FH Fo 1
(FM3)e] % 3Me] AYS =33, s 4 o
¢ 243t f3A BAS FYPstan
° 006 008 01 012 014 016 018
222 FHEeA AEAT =& ¥ 2EY A Mass flow rate [kg/s]
Fig. 7 Validation results of Pipe & Elbow.
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— Simulations
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2 BHRAEFA A5ty dEe FEFAR 435
g F7HHQl g Eds mEsof dt) o]E 1 3
Hetl fAs Ade B FRAe cdASrE )
sEa fIAE shiel yEed ez )
Aot el gL B AFANA =& S 0.1 0.15 0.2
RE A¥ATE MKS dYAE VEFS2 3N Mass flow rate [kg/s]
o =Fd HUFFA) EdASF (Kn)E Fig. 8 Validation results of Ball valve.
331x10°2.2 Eq. 1o 283t ERlfFA A
o gHEeaAe At F8 AF AH 9 s A9 AFTL ZFHEAo|H o5 Pk
AA 3 HoA 46 Aoz sty AES o2 e o] duEFEHEA otk PT39 PT4
Tyt AEH oA A}t Blwg AL Fig. 7 9] zpolo] AL Hul JUEFHAE 146%°]1Th.
of GEPRSTE =8 A% dolEe] A@Le W B ATANAE 7 Aclz @ oxte] Huge
o) sl BY % mdel thistel 3o 4 WEW AL oA WHow Aojsigon ®
dqe FYsle 7 FAL/ s st AuEE € 820 e exte] Hw2 LA Hrtst
HAHRSD, Relative Standard Deviation)& T3t Rk ARARo R Fud EHNFIFAE EFI
At A EZEHAE FZ2UAS dolHY HH Hjdo) thate] Hth 598%, HT 2.65%2 23
el vgE A FAUEE HristeE 45 E Bt
T2 Eq. 110 FdEEAae] #2418 AASA
o 54 A delEe #(z)d =E delEe S, —m)?/
[%] ! > 100 (11)
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(a) Needle valve 1
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(b) Needle valve 2 A 0 turns
. 10°

1 turns
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Fig. 9 Validation results of Needle valves.
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Fig. 10. Validation results of Pump.
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A g 30 AF dHelHY AdEEFHEA

Table 1. Validation results of the components.

Factor Max. | Average | Max.
RSD errors errors
Pipe

Elbow 1.45% 2.65% 5.98%

Flow meter
Ball valve 4.05% 3.31% 6.43%
Needle | NV 1 | 3.15% 2.74% 11.1%
valve | NV 2 | 0.78% 2.68% 6.89%
Pump |type II | 1.11% 0.74% 1.39%

RSD : Relative Standard Deviation

(RSD, Relative Standard Deviation)®] 3 ™zt
AEdeldd A3 dlolEzte BEex gl H
exE Hustdt Ao w widd Usd
B 25 A3 TAHL A et AW H®
FHA7} HEoAnT A3 AueAucs 2
e A3g ngo. 4% dolHe WA Fi
oA 8 Hr oo Wasde W BA A
@ A ghe A @7] HEd olE Fl
Aoz WASE 49 dolH BT A
doldel AEE Hrjel 4T FFL FI
Rolet ArHT

o o

3. @AMy T2 gt 2l A4S

APATERE AFE A7]Fz Ao]Z9 o
AZADN 2424874 ZEIH[10]S  ©] &3t
28 JHEZANNE 7HsteE 7/ AE ZA
A Z2adfe ARy 48 Z=Id
matlab 71¥t simulink® 47 Al@ AX A

23L& AAHSHEH simulink 2P Fig.

Table 2. Experimental coefficients.

Factor Coefficient Values
Ball valve K, 1.89x10°
NV 1 5.91x10™*

! NV 2 3.65x10™*

NV 1 1.64x10°

Needle s NV 2 1.26x10°
valve NV 1 1.52x10?
d NV 2 1.41x107°

5 NV 1 6.94x10”

NV 2 7.45x107

type 1 -2.48x10°

‘ type I -1.59x10°

type 1 -1.73x10°

Pump 4 .
type I -1.76x10

type 1 5.88x10°

* type 11 8.23x10°

Flow meter Ky, 3.31x10°
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Fig. 12 Validation results of the full system program.
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Table 3. Errors of the full system program. st WS AHygsdon olg FI £/ AY
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