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ABSTRACT

As a part of the development procedures of scramjet engine with a regenerative cooling system, this
experiment was performed using air-assist type injectors for scramjet engine. Two types of injectors
were used in this experiment with the 90 and 60 degrees of the injection angle to the main flow.
Mie-scattering was used for spray visualization and PDPA was used for the measurement of the
atomization characteristics. It was found that increasing the pressure of supplied gas and the distance
from nozzle tip led to the enhancement atomization characteristics and the injector with 60 degrees

injection angle has better atomization characteristics than 90 degrees injector.

P
T

AR 71es A8 2IFWAE AR AR dfor AIYAE Al AEE F7] B

1A Bl (Air-assist type injector)ol]l W3t AFE FSAT. AP AR dAEHE F &

90°¢k 60°¢] AER REEHe= T OFFE JHHE AESL

scattering)= ©]-&3F 7HAISE SAHWHI PDPAE ol &3 Wyst 74 PHS A&t 43 A,
THE 7149 Y 718 =EE2REY ARt S1EE B 2 vYs 548 Ko £

2427t 60°%1 JAAEZE 90°9] QIAE R o £ PPt 548 HATh

Key Words: Scramjet(22Z A E), Air-assist Type Injector(Z7]12Z% <IAE]), Mie-scattering(®] 4t
&), PDPA(Phase Doppler Particle Analyzer)

Received 2 April 2017 / Revised 24 June 2017 / Accepted 28 June 2017 1. M =
Copyright © The Korean Society of Propulsion Engineers
pISSN 1226-6027 / elSSN 2288-4548

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org
Jlicenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



FA A dgHE e o] TAYsr] W ol

[e]
s
TbFedtEs AAHJT. BF 74

A = A = =& oA B= s 4l

H212 F58 2017, 10, =SBAS B S SIS el BT e 89

FHFFT-TFATHANNE A 255 A&7l = =2 S A4S M Zolgt ddEHE &
oA AR ANEe AEshe ALY 285 Anxy QAHBAY BF SAL GUAsE A
QA48 AL Fo UoHI. 22BAE Ade P AP
29402 FUUL 4P FEL A2
284 9aAA FUe Qb P9 Agoln
284 A7} olFolA] AMAE FE AT 2 MB T W
Qo ARG B0 EF, 9 W A%, B F
A 5 oje] A f4Fo] mE uelsolokdt. 21 AW B4
oF Aol BE(avit) ol 8E WA BA  ANYAY 285 Azl HeY ux
§7 wo] aHen BE P2 B4 3 AUE] R EHE o] AN g
osf WA= A F9e ol&st EFH HAE Fig. 13 Zol TFAsHAH
da7t 7HestEs Stk skAN o3 FF Ad B = AAE A= 271E FF5I
< ol &% ATt kel AdAe 2eE 0 AT A" 25 JHAE 9 rygs S3e 9
T ME £x9 52 gHAME dBV Z A F AzFor FAH v =3 VI 44
FEo] o] & o] FofAEE sfof ot =3 Pxot A4 BIAE T FTHEEHM AHH £

™

3}
H
Ae &do] HASEE JAHE dAslokst

2 =RdMe fleh 2ol 25E AFeA=
Aa Awol T2 JAEE A flst] o
G =M vHs de Ads E45A
A -k T i A
A ER BE AEE AR 2545 da
71l el A3k 8 3 A4 vHE FEANE
A 8%lo)7] Wil ok wFUA BMFHA
o @A FFeFATdAME ANIAE =%
& A7l AL AAE R F7|H=Y AAE
o} =¥ JAEE Ao o ATelA

_____ Signal line

—— Water line
——  Gas line

ICCD
Camera —

Fig. 1 Schematic diagram of PDPA and spray
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Table 1. PDPA system specification.

PDPA system setup
Transmitter Optics Channell Channel IT
Wave length (nm) 514.5 488
Focal length (mm) 250 250
Beam separation (mm) 2.65 2.65
Fringe spacing (um) 5.2778 5.0060
Receiver Optics
Focal length (mm) 250
Slit Aperture (um) 150
Detectable
Limit min Limit max
droplet range
Diameter (um) 0.5 155.16
Velocity (m/s) -10.56 121.39
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Fig. 2 Air assist type injector.

Table 2. Water and gas pressure condition.

Water
Pressure
[kPa]
400 430 460 490 540 600
600 630 660 690 740 800

Gas Pressure [kPa]
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Fig. 3 Water mass flow rate under gas pressure
variation.
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Fig. 4 Spray visualization of 90 degrees and 60 degrees injector type.
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Table 3. Spray angle and area with different injector type.

Water 400 kPa Water 600 kPa

Gas (kPa) 430 460 490 540 600 630 660 690 740 800

Injection angle Spray Angle (degree)

90 degree 3271 | 39.66 | 42.09 | 439 469 | 4024 | 4497 | 46.7 | 50.67 | 50.8

60 degree 2538 | 27.74 | 2834 | 31.36 | 3212 | 2488 | 2934 | 31.61 | 34.89 | 3757

Injection angle Spray Area (cm?)

90 degree 66.8 88.2 976 | 1039 | 1159 | 909 | 1075 | 114.6 | 131.5 | 132.7

60 degree 58.5 65.9 67.6 78.6 82.7 56.0 722 78.6 919 | 103.6
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Fig. 5 Droplet velocity profile under distance from Fig. 6 Droplet velocity profile under distance from
nozzle and gas pressure variation. nozzle and different nozzle type.
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Table 4. Representative diameters at water 400 kPa.

430 kPa | 490 kPa | 600 kPa
SMD (um) 58.49 55.34 49.50
Dvoa (pm) 20.52 23.52 25.53
Dvos (pm) 32.53 35.54 37.54
Dvos (um) 58.56 58.56 55.56

Table 5. Representative diameters at water 600 kPa.

630 kPa 800 kPa

SMD (um) 66.70 51.66

Dvoa (um) 25.53 24.52

Dvos (um) 38.54 37.54

Dvo.9 (um) 70.57 57.56
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Table 6. Representative diameters at distance 130 Table 7. Representative diameters at distance 130
mm. mm.
60 deg 90 deg 60 deg 90 deg
SMD (um) 35.48 49.50 SMD (um) 40.12 51.66
Dvoa (um) 15.52 25.53 Dvoa (um) 19.52 24.52
Dvos (um) 2352 37.54 Dvos (um) 28.53 37.54
Dvos (um) 35.54 55.56 Dvos (um) 42.52 57.56
* Water Pre.=400 kPa, Gas Pre.=600 kPa * Water Pre.=600 kPa, Gas Pre.=800 kPa
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