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Performance Sensitivity Analysis of Liquid Rocket Engine
Won Kook Cho*, Soon Young Park*®

Abstract

A performance sensitivity of liquid rocket engine to propellant density or supply
pressure change was studied. The analysis program was verified to have 1% error
comparing with the measured data of a turbopump-gas generator system. The engine
combustion pressure decreases as fuel supply pressure increases due to decreased
mixture ratio which reduces the turbine power. The engine combustion pressure
increases as fuel density increases because the total propellant flow rate is increased
substantially even though mixture ratio is slightly decreased. The engine combustion
pressure increases when the oxidizer density or supply pressure increases.
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test[ 7] |analysis|difference
Oxi. head, bar 83.55 83.6 0.1%
fuel head, bar 140.49| 139.9 -0.4%
TB mass flow, kg/s 4.202 | 4.196 -0.1%
TB inlet pressure, bar | 49.01 | 49.51 1.0%
TB inlet temperature, K| 908.57 | 909.53 0.1%
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parameter value
Vacuum thrust, tf 30
Chamber pressure, bar 60
CC mixture ratio 2.5
GG mixture ratio 0.32
RPM 20000
E 3 M UEE (%/%)
P}, v, o5, o,
RPM 0.026 -0.0065 0.57 0.075
O/F)eng| 0.036 -0.013 0.36 -0.45
Pcc 0.048 -0.0050 0.87 0.20
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density inlet pressure

oxidizer fuel oxidizer fuel

case—1 1.3 0.0 -19.2 0.7
case—2 -0.8 -0.2 48.0 -3.4

% 5 FHM SF=o| ek dsHa|

MEANA dFE upet Zo] 2AAXY dF
= fleiAe HAxzdEY 7HES 2ddA e Z
o] &FHERE E AFdA AN FA4 F
H 245G sid ZAewe A4 old Wik
A7 Bast B FA 35 24 o9
AR AlxEle] e BAS] flsto] Alojdy
M= M3t Ee ey s 29k Mt Witk e
Zog Zlolth. 2AAZFY %

s dAEFS e Fa FEES A
ol gk Aol A oloF st ol
bl

[e

oL

o
g
=
il

e AN ofr

Al



K[Nﬂ

TR AR A
OF O
oF
S 4r 4
- ~
Eaf o § = -
o o B _ _ Y T 5
Wy g 2 4 63 T £E W
4ro4r s B TR 2 ﬂw g HM o - = ol 22 A
R - oF | 3 o of %° N
Gy £F ke ow_TTL weoee  FREELM
BT T T "R A~~~ e e T T B
W AR T " A B oo b U YA YA e %
SLAr B K W W W W ok Tm o W ok EET T EFERNRNNEMNILIT DT RET D
—_
2 X q > 2 = 2
Aas a0 cne e ecrasw PFoouaTEL g3 iadzae8s388rs 03852
~ e mow X e
- o % 4 — R % o
R —mwee X B
X O.Hm;o‘ulhm
o R Em AN N D R
= N H gem B dep No g Nl 8% =
~ =]
—_— 7U ;Qf — —_— _Zrl —_— ﬂ o]
k3 T = ! m o O =or =
= —_ - < N
H T OB oW S W o W o
o W = — K ok o 4r g
0 TR O o — o M %0
oot S X ool R o 0 WooT 4
T R R B NN G ™R o] 4 = Y =Y
o ﬂ_._._ ﬂL‘o|ﬂHE¢_z_lu_tML. R " - AT N WA.:. Enﬂ,
: . BRI PR LR B A 2 RE Pl X
P o ¥ O TeTomgwr g TRy R g g WO TEm Ty T g
T < B go oo _ FEFETEEFEETRANNTE "B W e w
e ~_ T _oHd_ 73 TR RO PR ETHR YT T T DE T fod o w
G T T TR T R R S e U
T o I g -
Wl A_mﬂ_dﬂﬁ%@mﬁ__ﬂ el - = N
. 3 -
T T A o =0T AanedE e 88 & 0wt s
"R AR MBEdT T R ~

Korea Aerospace Research Institute - 205



Kl’l\\RI

925, A, 494, 2007, "4 S
a3 AAZAARAY] A" g g A
) dmFREets] 20079%  FATE
=53, pp. 165-169.

Z93, 9, EE, 1038, 2010, "FRA
TFLGHo] AAZANAY 5ol wAE 9
3]

F" Wa71ASs =5 BE, A34d, A4z,

1!

ol
A=A ﬂﬁgl = oH’“ Ji:ﬁ“ HH” 3
Z2AFE 2008d%E FATENE =84,
pp. 366~370.

. McBride, B. J]. and Gordon, S. 199,

Computer program for calculation of

1=
o
98.
I“N
ﬁi
N
S
S
&
N
)
[
i
e,
ox
N
Pad
>
o
il
_(')L [e]

complex chemical equilibrium compositions
and applications, NASA Reference
Publication 1311.

. Dixon, SL. and Eng, B, 1998, Fluid
mechanics,  thermodynamics of  turbo-
machinery 3rd Ed., Butterworth- Heinemann,

CAARE, S99, AT, 3, 2006, "AE
Ty ThaAA 7Y Aa T 29X #e
A" F=FH 83 2006 FA8HE) 3
=54, pp.118~122.

L AES, By, 933, 2009, HEHZ A
WA 7]-AA7] A 2EHe RESA, S
F 39, KARI-RET-TM-2009-009

N
8
rol
H
ogk
OH!
40
I
re
-
n




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


