[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

OO0 /0000
Article / Book Information
aood(@no) Oooooboooooogoockbbooonon
aood(@no) o0 0,000 00,00 00,00 00,00 00,000 00
aood(@no) 04300 0o0o0oooooooooon, oooo
000 /Pub. date 2015, 9

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

F43BRIAARH R —EVZLEHHBES CKF)

€7 =)

EEMNE, 2015.9

C-16

EMEHEANTRAT 2REEBD CFD (2 &k ST

UNROR, TR

b S
L8 &,

JEi GRTR), #EEESE (=R,
W T=3 (MHPS)

CFD Analysis of Water Droplet Behavior in Compressor

*Makoto Koizumi, Motoaki Utamura(Tokyo Tech), Nobuyoshi Tsuzuki (IAE),
Takanori Shibata and Chihiro Myoren (MHPS)

ABSTRACT
Two dimensional numerical simulation on water droplet behavior in axial flow compressor is conducted in
which break-up and coalescence of droplets are considered. Then the profile of erosion depth along blade
surface is predicted based on a newly developed algorithm to accommodate multi-dispersed droplet size. The

algorithm is verified by Ito’s empirical correlation. The above method is applied to the first stage of compressor
of gas turbine with inlet fogging system, the following results are obtained. (1) Large droplets are likely to break
up into small ones around the leading edge of the rotor blades depending on their rotating speed. (2) Erosion
depth predicted with break-up model is smaller than the one without break-up model.
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Fig.1 Erosion by Tsubouchi’s and Ito’s experiment
compared with empirical correlation (unit: mm)
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Fig.2 Dependency of erosion depth on droplet diameter
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Fig.3 Dependency of erosion depth on impact velocity
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Fig.7 Break-up area of droplet
3. 2. 2 —REEDEH

J ANEFZ T D720, ENEEA 02
ERALRZ, Z0OLE0W o X R D32 133X
BME? 22E1218um EIE LT, £7-. $HH
DOEETR Y T AT — A EE LT,

B 8 I NIKH N LM CTHREREEH Y D56
BT DIRITEF REOWE YA X D72/ 04 %
FLEbOTHD, KITRTHIC IGV DJE v 13k
HEROGAIT R TH D2, BREOUTI TR
BM5umUU FO/NSWERPEE > T D, 2
[ 5 T/ L7-EATk CoOAaMEELoT-
O, W & RWE E DOENKE e BhEAT
R TIER E RIEFIIALE L 720 A (8) 1Tt
STHHRT LD THD, WEUT-/INRIEROWETHE
FENEICHE - T R L, BiEEHZ) DI R ZEEN
%o TOW, RO ITEN S, B3
OREIFBICH Y 2 MR CTHEM & 22> TV DT
@z 5,

3. 2. 8 ZHRREDEH

IGV (215 L72iiEilifix, IGV O%fxd b kK
WML TEhsEBx6N TS, AEDL 9
X IGV ZAHE L7 ER AT, %D IGV 22—
RED 02~04 fEBEn & Z AT, FHEHERIT A
K300 m T D32 1% 100 u m F2HE & i LTV 5,
Z 2T, EREEEEE L TRO L D ICHERESM:
EROT-, IGV TOWRHOBHEFELZHALIZE Z
AHK130%23IGV ThT7 w7 Id, Z OEIFSCHR

D L B —FHLTWAHDTIGV %&b Dk
WA BRI IEEREED 30%& Lz, £7-. M
I IGV i r Ol 2 53512 120mis & L7z,

X 9 1ZBA5 MDA D " IRIE T D225 %
T, —IRIEEOLGE & RRICEN AR CHR %z
28 N RLF OB E T L — R D Y
A LERY IGY NHIZIFTEMBOTH D,

0.037 X 105(m) 5.32 x 10-%(m)
Fig.8 Distribution of droplet diameter in space

0.0002 X 104(m) 3.72 X 10%(m)

Fig.9 Distribution of droplet diameter in space
in the case of secondary droplet

3. 3 TO—>3y
3. 8. 1TO—Ta iHi7ILT ) X LDIKREE
[4 10 1% 2000 IRffH O iEER: OENFE K HIZIH
SfcTr—Va VRSO AE (1) B (2)
AFIEL (3) - BEELOLEMGTHELE
FERAZ T, BENIRE CTHELTH D, KT
X 2 K OBV OE S & Y2 > 3 il & R
WRLTHD, (BEOFHIEE., REOCHFITY
7 va vyl ths,) BRIz —ra v



REFIATr—ADRKkT o — 3 VRS THIKE
L7 feRTa— g BN EATRFICE L TV 5,
F1IE, ZO%MEfRE . FLUENT TR®O7- NVa &
AWTHBEORBR (1) HoE#ERO-EE %
b Lo R 2 n 4, — IR . R O
—AIZONTHHFIT IS —FH L TWb, ZoZ &
o, (1) fEZSEEOERT RS E b Hnb T
HE (2) =LMoo —g UEINE L
THEAT 2 FEOZSERTEA S,

1.2 —

o
o
]

Erosion depth(-)

0.0 | Siresuervnesenseseseraresesenemnnes
0 05 1.0

Leading edge Position(-) Trailing edge

Fig.10 Erosion along the rotor surface in the case of
inert, without break-up and monodispersity by droplets

Table 1 Verification of parcel approximation algorithm

Operation condition Unit Primary Secondary
droplets  |droplets
Diameter D pum 18 100)
Number ratio of impact
1.73E+12 .25E+1
droplets N Un'/s 3 9.256+10
Velocity Vn m/'s 320 330
Vickers hardness H — 350 350
Operation time hr 2000 2000|
Ito’s correlation(1)~ 0 1.02 6.96
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Fig.11 Erosion along the rotor surface in the case of
inert, without break-up and polydispersity
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Fig.12 Erosion along the rotor surface considering with
evaporation, break-up and polydispersisty
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Table 2 Summary of erosion depth by primary
droplet (unit: relative)

Monodispersity|Polydispersity
Without Inert 1.00 0.96
break-up Evaporation 1.08 0.62
Break-up Inert _ 0.10 0.08
Evaporation 0.20 0.07
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Fig.13 Erosion along the rotor surface in the case of
inert, without break-up and monodispersity by droplets
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Fig.14 Erosion along the rotor surface considering with

evaporation, break-up and polydispersity by droplets
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