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Spray Characteristics of a Liquid-fueled Ramjet Engine
under High Pressure Air Condition
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Abstract

In a liquid-fueled ramjet engine, the insufficient mixing and evaporation result in the
low combustion efficiency and combustion instability. Improving its characteristics and
devising a means of fuel droplets with air may compensate these disadvantages of liquid
fuel ramjet engine. The jet penetrations of various fuel injectors were measured to
investigate the spray characteristics of a liquid-fueled ramjet engine under high pressure
air-stream conditions. The penetrations in high pressure conditions are smaller than the
values calculated from Inamura's or Lee's equations, and the jet penetrations in the high
pressure conditions have a similar tendency. In the dual orifice injectors, the jet
penetrations of rare orifice is rapidly increased due to the reduction of the drag, which
is created by the jet column of front orifice. The jet penetration of rare orifice is
increased because of the drag reduction created by the jet column of the front orifice.
Because of the drag reduction formed by the column of jet, the jet penetration in the
rear orifice of dual orifice injector is much larger than the jet penetrations of single

orifice injector. As the distances of the orifice are increased, the jet penetrations of the
rear orifice decrease.
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Fig. 1 Schematic diagram
of the experimental set—up
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Fig. 3 Experimental apparatus

Table 1 Specifications

1. Pmax = 50 atm
2. Charging time (1.6 m°)

= 80 min
Compressor 3. 220V, 50A
4, 1600%750+1000,
370kg, 2head 2motor
. Performance : 2 m*/hour
Dryer

. 1000+400+900. 80kg

. Volume : 80L * 20 = 1.6 m®
. D; = 300mm, L = 900mm

. Control range : 0~50 atm

. Feed-back control type

. Window : 240+100 (side),

air reservoir

Pressure
control valve
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Visualization
ao0aratus 240+40(upper)
ral
Pe 2, Orifice : Do=10 mm, 27mm
dP sensor Range of sensing : 0~-50 atm
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2.2 Fuel Injector
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Fig. 5 Discharge coefficient
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Fig. 4 Dual orifice injector

Table. 2 Discharge coefficient

Nozzle Type Ca

Di=1.65mm 0.77

SH

. N Di=1.65mm 0.78
{Single orifice)

0i=1.65mm 0.77

La=1.65mm 0.79
OH

(Dual orifice)
D=1.65mm

La=1.65mm 0.78

Lh=1.65mm 0.79
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2.3 Velocity distributions

d2712 #98E FF37Y SEPEE
AR Q4] WY dRY EREYH 3
23 5o AaS4el F2¥ G W



Fig. 62 7tAst A FY oA e FHua
AL EY £EEFEE HoFEol sFA3
o & F AHNA %3t} BAE BojAT A
Aoz FUdF £TE8XE oS ol
ARE € ERYEAM FF IV =9 B

e,

Velocity [m/s)
(] 100 200 300 400 500

v =
= a0} \
: T
E T &
|
g 2of & —O—Pressure difference
< 7
s T ‘ &~ Velocity
- !
s A
€ |
g A
=
S a0 7) i
2 T a
-
40 | H
o A
0 100 200 300 400 500

Pressure difference (kPa}

Fig. 6 Velocity & AP distributions
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Fig. 7 Time-pressure curve
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Fig. 8 Mass flow-rate

Fig. 82 £ 4¥9 RAFEAHE RAEY. &
ojgt AH=HEL A3 ZHAEFA Fde] 2
TFHY wAo g N 2g AgEAT. 7
Zte) 2elm2 HANA 4709 g xRN
AFFFo] A=A FYdI FFHFL
curve fitting® $3la AAE 23 & BA
4o] F =¥ AUt
3. 48948 9 1@

31 A8 Jeto] W3} 71+

AAGA Q45 9F¥E AAE
719 EFEAL A £8FY &

=+ ﬂi-"?‘: Iz o ALHE BF

o} 3f . 5% Dump 8 ¥
7] YT ¥ RE
g A %"‘11"“"1 dg9 HFAH
Ax7] AAe B AR89 FEEIX A9
ARl JPL U fA4o|d Fig. 9o et
G oole) g Ao RFEH{AL A5 U] F
o2 FAt € B AXNFG FHe] Fr)
At Jete] A&z &3t KFo A7}
Aol H F 0 sFWFgez Aoz A
AF7F FEat] o & AF7 $43d 2 o
HE YA F x228E oS A AedA
dulgxe] ote] © AL HHe FXE Y
AsA HAch olgg AFo F4L Az

-P>-
N
o,
F
-‘
é



38/= &

AEHEL FHA drEojRm e,
Ramjet 2, Gas Turbined 3 &) 72 Lo =
o] 7|F4Er EAQger RIANE A
HasA dA9n.

of ¥ px
o 2

f
—_

Fig. 9 Fuel Jet
(Var=120m5, Pjoi=3atm)

FHY FEFo] 9t dFe] JaF
%o] welA Penetration(hp)sl ZHoj7} ge
th. Ramjet <AA7]olA Penetration® Z
el AT BXo] JEE viAE F
LAe]nZ ole st Ayt AF F¢
AN AAHo] dolna UstdN FHY &5
o 9l8t9) horse-shoesq 8 =Yo] HIAZ
Downstream 2.2 A PFFE AP o FL A
Hog ¥dol "o 7|FY AT FFo) AL
A% HS & horse-shoes? FEE {3
A gt 282 =228 FAse] dFE
Penetration Length(hp)E 7IAA sl FEl
Ae AF7} solid body 4L 34 H==2 F
o dH 3} Seperationo] MAA Hz,
F9 FAEE walN wakest dosA 4.
adgz, 95 R AME Counter-rotating
Voltex-Pairs7} AA€d. QA"  Counter-
rotating Voltex-Pairs:= Downstream %32 =
FrgAutd 43g wAA o

fr X b

2

fo

2 ot

t

32 4343 % 23

Single orifice injector2 ¢3Y #5449 7}
3 Ay Hez AAE Jgsie Fe 2
g2 F9g FHAgIE FAH AL 9H)
A F5 ZH R F9 A FA A

Apole] FE ALl oA R AYHH,
2 FER7) hgEa n s ol ke 4F
24 A 48 ARG o8 da A ZA
Foll o]gdrt

Single orifice injector®] 2% 182} penetra-
tiono] ¥ @& AT/ B3 ST, T TN
T 2 #5RIMS A YRyl viEst
£ Inamura 597 3@ o]& RAY Lee T
oY BANEA 1-2) ol WEAY Arelch
AW oF NES FFHIVY o) dPL
2eA gn Atk Wy B dFAAE 07)
¢ FERAAMY AR BAD} obd 1Y% #F
2049 Az A%QolE YUY 19
1-16€ penetration®} Aloth, & BF-e] P¥3)
ol AR g AR B oA $F¢) Muo)
Sgats ARg guidt QAR $2Ze) 3
Ao Ayt & AF FFHole A1, vAR
dRoz BEHE A% ARt A Ak

D =(1.2+0.4D )

In{1+ (1.5 +0.48D )21 @

——
Air-Stream

ﬁk%—ﬂ\
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Fig. 12 Jet penetration (dual-orifice injector)
(P,=2.3%atm, Ly=bmm, q=7.82)
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