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Spray and Combustion Characteristics of Liquid Jet in Cross Flow

Kwan-Hyung Lee*, Jin-Seok Hwang*, Doo-man Kim** and Ja-Ye Koo**

ABSTRACT

The spray and combustion characteristics of liquid jet in cross flow with variation
of injection angle are numerically studied. Numerical analysis was carried out using
KIVA code, which may be used to generate numerical solutions to spray and chemical
reactive fluid problem in three space dimensions and modified to be suitable for
simulating liquid jet ejected into the cross flow. Wave model and Kelvin-
Helmholtz(KH) /Rayleigh-Taylor(RT) hybrid model were used for the purpose of
analyzing liquid column, ligament, and the breakup of droplet. Penetration length
increases as flow velocity decreases and injection velocity increases. Numerical error
increases as inflow velocity increases. The results of flame propagation contour in
combustion chamber and local temperature distribution, combustion emissions were
obtained.
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Fig. 1. Typical liquid jet breakup process in
crossflow
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Table 2. Properties and test condition of

liquid jet
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p(kg/m?) 996
o (N/m) 63.5x 10 °
w(kg/ms) 8.65x107*
dy (mm) 0.5
v (m/s) 8.9 ~37.7
q 3.38 ~ 28.4
We, 760 ~ 11300

[| —=— v,=103m/s v=12.8m/s
H —a— v,=103m/s V=19.3m/s
| —e— Vv.,=103mis v=29m/s

1 2 3 4
Time after start of injection (ms)

(a)

=2 BAlE = R dHES viEs=
H ol JE] v Nee 23k A
- 4000, 32+4¢] 7 2000002 A} F
e, e 2xet 27 §9 Y L=
Axrdztel d@ddte] S E s APl
o] F9 £1F dAGEF e BAHE
Ao Fd ATt FEIFE LA
o ke FlelH BF 54 dAFE #dl
AHEE F Y 7 HEE 69~137 m/so)a, A
E49 AFAME 8m/sE °]&3AT BFE 5
ATt Syt old AL By 54 AT
AME F 7t2e Sxe 7 2de] EA7E A
A vlwaty] fFgo|dnk. AP Wu et al.[24]
of AFAAE MYt

3.1

Fig. 2 103 m/sZ 4A T
Zdd AH AES £
29 m/s7HA ES7AI RS
wako 2ol AT Aol
2l hybrid 29S A48}
T R2d mF 5dold gt <
7 v A AE BT 2y 2
ool 7= 3ty wave Ed ET} hybrid
AFEDolE ©l AA dFste ZA4E
At

Fig. 32 193 m/sZ YA} EAEE 24

il

So| o o 37|

A Fd BV FEE 69 m/sollA T T A
E91 137 m/s2 FS7HAAS B HFDold o
o A#s 77 RdS Hgste] ALke A3

[| —=— v,=103m/s v=12.8m/s
H —a— Vv,=103m/s V=19.3m/s
[| —e— V.=103m/s Vi=20m/s

S} <l R RN IR R

1 2 3 4
Time after start of injection (ms)

(b)

Fig. 2. Comparisons of penetration length of wave model (a) and hybrid model (b)
with increase of injection velocity
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Fig. 3. Comparisons of penetration length of wave model(a) and hybrid model(b)

with increase of inflow air velocity
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Fig. 4. Results of SMD calculation with wave model and hybrid model
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5. Results of SMD calculation with wave model and hybrid model

[V;=193m/s and V, =69(a),103(b)m/s]
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Fig. 7. Contours of CO, generation quantity at local regions of
combustion chamber
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Fig. 8. Contours of CO generation quantity at local regions of
combustion chamber
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Fig. 9. Contours of NOy generation quantity at local regions of
combustion chamber
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