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Characteristics of the Spray and Combustion in the Liquid Jet
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ABSTRACT

In this paper, spray and combustion characteristics of a liquid-fueled ramjet engine were

experimentally investigated. The spray penetrations were measured to clarify the spray characteristics

of a liquid jet injected transversely into the subsonic vitiated airstream, which is maintained a high

velocity and temperature. The spray penetrations are increased with decreasing airstream velocity,

increasing airstream temperature, and increasing air-fuel momentum ratio. To compensate our results

of penetrations, the new experimental equation were modified from Inamura’s equation. In the case of

insufficient penetration, the combustion phenomenon in ram-combustor were unstable. Therefore, the

sufficient penetration must be considered to make a stable flame.

FQ7)&80] : Spray Mechanism (55

2717), Liquid-fueled Ramjet Engine(HA] @3 <), Vitiated Air

Heater(3717}87]), Fluid Visualization(f% 73D, Jet Penetration(3152°]), Flame

Stability (3hget43sh

.M E

A2 o) Azl BAA2G) goid el

FH9 F7] feel MXE TS FAEA F
< BEEAE OV g BAL Hhie avt Ed3)
AP glon, 1 FMx P2} 7hdsla vy
8} %ol

958 57 wWge] du B Bo
o]

]
. 53], YAE dxolt} HEAE ¢z

rg
~
i)
Rl
32
v

* AR JATHE o
* AR ARy 15

g Jlzd e 43
z %4*}% Hg & 2ol Aus 3107, ol
1

Em % Hills BR7 59

127 -{%

=

PR 5 4219_3-; BAlsle Qﬂxﬂ %zﬂé A
A9 ERAPL Tfe BRE FAE0] 45 d
HatA Agslo) glo} mdwe] BEHe Wyos
et & WRAE #5974, BT )
et B4, BARAGE, £F 2 shshis i
Z o] WAs A=l gor? E3) £ vzt
Uze ey, R2AEE 93 dgE fYHE F

AN |88 A) A5E A1E20023 59)/ 107



=2/57 &

Ha
Ha

71e) ojse mRst 3PS AXA HL T Fo F
719 Q50 dAAUE fYEA Bt olgd A
Hah s EF wsiES FAE daT)exe]
el 2 FFE UAA "ok TR EAF
9 Zrolle daddle A 7159 719 &7
el 2HofAAE, AA ARe EAlelME &
AL Fol dd] € 4 vigs AYH ERHEE
AXNBZ 7A AzEAte] A7l vls) @2 43F
Aol wEal, wetq I a7t viEE Aol
EF A 4o BE 2do] HEd] FHHA ¥
Aejol ¥ ojuiel ANGEHNE 2xyo] md
B AFe BEEES WAl @A d3Fo] ojn

ujn

B3 ¢ F 4IRS BABD Q7] o] 4
A B¥e A olgdoz FYsple ofele
Agelrk mebd oleid BH A4 Az vigs

A3E fofsly] fsiMe AA A8E 53 95 4
29 vyst 2] Yo Hasirh

FHEAL AEAEY B 2 AAEAY #3 7)
&9 7=, AFEE o]&s EFARIOIY shadow
graphE ©]&3l 771 TS ol FAo
Schetz? £l 98} ©]%0] FoH, Thomas”5-&
AA 9 Fa FFRFY A T 9% TR
Tz et AFFoH, Inamura®e o}
A 73 FAEE 959 JFZlold| tis) ’éﬁh—}
TR WS Bl dRsa ok o]
% Adeleeng™e 94 AES H2ELL Weber®
o] olg& o st HEUAS HPS F
st} 248193, Manela®9} Hautman'"& Holg
Solx AFZolE 7IFY gAY FHHIERE
AlFal i,
AN, FF7Y =7t

O,
2z BRERS sl

108 | S52AE7 16887 Als A1E0024 59)

= IAL 7] wEel, AA AAES 2L 149
7IFAA FEE71Y 2x Wl wE nys =4
7 dAEA A dTe o= wHg AAolct
A & AfMe 71FY £58 VIR AT
MET 8R 149 F99 63m/solA 120m/s7HA]
HelA7| AA EF7] F3E 0.2 4/ min (297g/s)00
A 05 I/ min (742g/s)7MA WSAA, F579 dg89
Tl mE JRolE A3, o] A
SERYE ARECR 7174 7 BEAEe 94
A5 27 ¥ da EAE dopruz) g

2. AEER 3wy

APAe 37T EN, 9RTET, dump¥ HA
E da7), 7PIEPEAE, S48, a1 HolE A
F2 A itk 27 18 2 I A A
AXE BoErh

e $8718 olddld IFEHM = HE

NA FFE + U=S A9k 349 £330 B

Digtd CCD
camesa Ll
N )
il 3
e

air tank

compfessor

printer computes

[2&l 1] Schematic diagram of experimental
apparatus



[22 2] Photograph of visualization apparatus
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the inlet of a Ram-combustor
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[E 1] Experimental Condition

Temp. of inlet air(To) =
298K, 500K

VAH
Alr velocity(Vo) = 639,
80"s, 100%s
Flow-rate of fuel (Qo)
Fuel =02, 0.3, 04, 05¢/min
Injector Dia. of injector tip(Dj) =
1mm
Test Section 50mm X 50mn X 500mm
for (WXHXL)
Visualization Visualization window X 3
Dia. of Combustor inlet
(Di) = 50mm
Ram- Dia. of Combustor outlet

Combustor (Do) = 100mn
Length of Combustor (Lc)
= 300mm
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[Z22l 5] The schematic instantaneous photography
of a liquid jet
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{22! 6] Jet penetration injections with a variance
in fuel~to—air monentum ratios.
(Ti=298K, V,=100m/s)
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[a&l 7] Effects of fuel-to—air momentum ratios on
jet penetrations. (Va=100m/s, Ta=298K)
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(@) V=63 ™ (b) V,=80"% (© V=100
(33 8] Jet penetration injections at the low wall
of the inlet (Ti=298K, Q = 0.3 I/min)
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[22 9] Effects of flow-rate of fuel on jet
penetrations.

(a) Ti=298K

{b) Ti=500K

[22& 10] Jet penetration injections at the low wall
of inlet { V,=100m/s, Q = 0.3 |/min)
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[28 11] Effects of air temperature
on jet penetrations.
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25k —(=-q = 9.44, Experimental Data
—q = 9,44, Empirical Equation [Eqn. (2)]
20F = — q=9.44, Empirical Equation [Eqn. (3)]

V,=100m/s, T =298K, d=1mm
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[3& 12] Comparisons of jet penetration between
measurements and calculations.
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[328] 13] Temperature Profiles at the
ram—combustor.
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