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232 TE, FEH

EFOMILED  FTHEMZTENTH Y, TXTDO
CFDIZFEEH AT (time-accurate) TH 5 = & HYELAH
T H 57, EBRICEFIERBR IR e EOBZR2 S
EWFETbNL, FVICEL OBE, EWitEL
(Toricme 2 8 72) B ERHHEOREHFEY L1k, &
WEMR DS HNIGORMA R Z T LA —HT 5,
LaL, K20X9) nEEED S E ML) e
T, BWEIH TH HRANS (k-wETFI) L URANS,
LESE THRNBGIRARMIZE 2o TnD, TORRE L
T, M3AEDREM~ v NGO X 5 I\ HEHE & I
WA E TAREM R EPE LTV S (EEFHE T,
WA 22 FRPE A T — P FRTRAELTWDS), Fz,
N— Z TN BT 5 BEFEETE ) 550412 b K& bk
THIEDHMESN TS, K3AHIZIE, HEHFROHE
JEEABB L OZF I hSHEM SN LB EERD 2 b
O— VA RENTWAS, URANSELESE # b5
%L, LESICX 2 FHMEDFEERICE L, Tz, ZBiEE
LBLESO N X WM b DL B> TwD (BFREHO
FLIRBR D BIR L T 5)o BP0 REINICE T 5
i, URANSELES (#HZRIEW?) L TRRHATE
HebZ BB TELESL I,

41213, BEMRTE Y — ¥ Y B TR CToSERES
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LT ]
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1 i

iR
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[ES
| (5]

[ERREN |

i OFHIAE R L CFDIC & 2 Fill & bk & 7R3, 13<
A AP IS TH D I L LR LT, LESORE A
I b FEBREICI , EHRANSE EEl L O EIH 74D
K&, L2al, SVEEARZI L, Zo5fiziie
PHLTLES &, ThEDOFERERDENH AL
%oTLEIZETHD, 2D LIE, BHEOATIE,
Ehi L7 BE 2 IE LKA T0E0E ) hOHE
HWEETH B &2 Wiko TV b,

%8, 2WRTEINED Y ORI T 57— %
X, RSP Z TR CIEEEETII D T TB Y
RIGRT— %, N— RO 7— & It s h T
WAL EDRLEELRRVF—2 L hoTBY, FEE,
FEHZEDOTN—TTHCFDI— FRIRIZFA L T3,

3. BEOAFY—F THT—4N—-X
3.1 CFD Online

BORMICE T 2 EBAR (ERLEL) oxXYF
Y= DF—FX—=RA L LTl CFD Online® &M ¥
5Hb5LNTHAHI,
http://www.cfd-online.com/
CFDIZBI % WikipediaT® 0, R oERE ? H°FK
T VT A T WIS % D T B IR K OCFDY
4 FTH Do CFDOREREN LIGH X TOMH, CFDa—

il IO

Fgies 11 Mgph pamins 1000 Sine Coiesios o Tin s D grebors? ty O 10 b il
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M3 ®ES—YrRIDbYOTyNEGA k), RTRTORELD (fH)

¥}

B4 LA VABEHETICBY 2 HAMEES — v RoOE
JpAi (928 & CFD)W

FOT7+—F 4, Q&AL E, HRWMETH L. NV F
T—=F I LTI, ROR=VIZEEL W,
http://www.cfd-online.com/Wiki/Validation_and_test_cases

#1112, F¥A MRS TwaER L, FHllF—2%,

WD EF LDz (O 14, O:FHRIEWEE, AR
T4, X T ML), HAY— Y L ERE LS W Eelk D
FOWIEICER T2 X9 27— 7 33N P wds, X
BRZTTHRENRTWAB I EDS, MOFHIITA R
WAL I N TS, %8B, CFD OnlineTh X5
TWAD, F—FXR—R (aLryav) LHEEIF—
FOWMICLEZBTIEIVLETH S, TN, T—
¥ R— A& T DO, MR EPELl hvEid
BABRVHISLTH b,

3.2 ERCOFTAC

ERCOFTAC (European Research Community On
Flow, Turbulence And Combustion) %, 3T Y 2
&, WL, BRBEICBIT 53 —1 v ORIV —TTH

D, ZORTREDT — & X—ZREONEEPED S
TWwh, F—=FR=ANDTNVT 7L AMZRED 2012
IARERK (R 282 0ENH 505, BETATF
W7 — % YYD L, T—FN—R13,
http://www.ercoftac.org/products_and_services/
wiki/7* 5, " Visit the Wiki" %2 ) v 7954 &, The
ERCOFTAC QNET-CFD Wiki Home Pagell 7.5,
http://uriah.dedi.melbourne.co.uk/w/index.php/Main_Page
Z T |2 &, Application Areas & Underlying Flow
Regimes®D D20 A7 I —=2H 5,

3.2.1 Underlying Flow Regimes
T 9, ## OUnderlying Flow Regimes#% 27 1) v 2
T5E, HEANER 40 NY; (Free Flows, Flows
Around Bodies, Semi-confined Flows, Confined Flows)
PHN, ENENI, PR SR, FEBRE, FHEARR
A O, BEECHk R EAYT ISR ENTH Y,
KEA B DD R>TWwD (OFFELEBRED, OlkF
FTETBRED, ®ITFFERICT 7R L L) & LB
LoginZ ZR EN72d DERT )0
(1) Free Flows
HAZ = VORI TIE, 7 1V AEHRLIRBERAT
HRECHET LT RX=ATh b,
(D Underexpanded jet
(2 Blade tip and tip clearance vortex flow
® Jet in a Cross Flow (O)
(@ Axisymmetric buoyant far-field plume
(® Unsteady near-field plume
(2) Flows Around Bodies
HIbhomnhihy, &—FEWEKICEL S HE
BT—=FIR=ATHb,
(D Flow behind a blunt trailing edge (O) (¥ 2)
@ Flow past cylinder (%)
3 Flow around oscillating airfoil (O)
@ Flow around (airfoils and) blades (subsonic) (O)
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® Flow around (airfoils and) blades (Ma=0.15,
Re/m=2x10°) ()

(® Flow around (airfoils and) blades (transonic) (%)

(3) Semi-Confined Flows
B EER, HEEENR Y, TAY - ryNORR
LEBCERT 2MNGICET 57— R—ATH
5o

(D Boundary layer interacting with wakes
under adverse pressure gradient - NLR 7301
high lift configuration ()

(2 2D Boundary layers with pressure gradients
(A) ()

(3 Laminar-turbulent boundary layer transition (%)

@ Shock/boundary-layer interaction (on
airplanes) (%)

(® Natural and mixed convection boundary
layers on vertical heated walls (A) ()

(® Natural and mixed convection boundary
layers on vertical heated walls (B) (%)

(@ 3D boundary layers under various pressure
gradients, including severe adverse pressure
gradient causing separation (O)

Impinging jet (%)

© The plane wall jet (O)

Pipe expansion (with heat transfer) (O)

1 Stagnation Point Flow
1. Low-Speed Centrifugal Compressor (%)
2. Annular Compressor Cascade With Tip

Clearance (%)
. Gas Turbine Nozzle Cascade (O)
. High Speed Centrifugal Compressor ()

[S2 BN N

. Axial Compressor Cascade (O)
6. Steam Turbine Rotor Cascade (O)

@ Flow over an isolated hill (without
dispersion) (QO)

Lt

@3 Flow over surface-mounted cube/rectangular
obstacles (O)

2D flow over backward facing step (%)

@ 2D Boundary layers with pressure gradients
B) (©O)

2D Periodic Hill Flow (©O)

@ Flow over curved backward-facing step (O)

(4) Confined Flows
PRBEZFN D BEITE, BRIREF 2 EICBRT 2
BT 57— X—=ZAThb,

(D Confined coaxial swirling jets (O)

(2 Pipe flow - rotating (O)

® Flow in a curved rectangular duct - non
rotating (%)

® Curved passage flow (O)

(® Swirling Diffuser Flow (O)

(® Orifice/Deflector Flow

(@ Confined buoyant plume (%)

Natural convection in simple closed cavity

(9 Simple room flow (%)

Compression of vortex in cavity

Figure 6 : 3D diffuser arrangement in a medical magnetic
resonance imaging device. Courtesy of J. Eaton
(Stanford University)

0 WP 000 W DT Y WY AT RNl

Figure 10: Measurements of turbulent streamwise stress components taken in cross-sectional slices of the diffuser

1 perpendicular to the mean flow. The region of highest turbulence (red areas; ignore the red areas at the bottom
walls) follows the shear layer between forward and reverse flow. h=lcm represents the height of the inflow duct.

Courtesy of J. Eaton (Stanford University)

5 3WILT4 7 2a—HFHOFENEH (MRV)
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@ Flow in pipes with sudden contraction (O)
@ Flow in a 3D diffuser (O) (X5)

3.2.2 Application Areas
K2 Application Areas® 7 ) v 7§45 &, 620D
FTELZEHSH BN S, BB OUnderlying flow
regimesCTHWON2HEDEHDL H D5, EHBRIC
Lo TIEZHELDOHEDOTALAY T VA AN\,
(1) External Aerodynamics
(D Aero-acoustic cavity (O)
(@ RAE M2115 Wing (%)
(3 Ahmed Body ()
@) L1T2 3 element Airfoils (O)
(2) Combustion
(D Bluff body burner for CH4-HE turbulent
combustion (%)
@ The confined TECFLAM swirling natural
gas burner (Q)
(3 Confined double annular jet (%)
@ Premixed Methane-Air Swirl Burner
(TECFLAM) (O)
(5 SANDIA Flame D (O)
(3) Chemical & Process, Thermal Hydraulics &
Nuclear Safety
(D Buoyancy- opposed wall jet (%)
(2 Induced flow in a T-junction
(3 Cyclone separator (%)
(@ Spray evaporation in turbulent flow (O)
(® Combining/dividing flow in Y junction (O)
(® Downward flow in a heated annulus (%)
(4) Civil Construction and HVAC
(D Wind environment around an airport
terminal building
@ Flow and Sediment Transport in a
Laboratory Model of a stretch of the Elbe
River (%)
(3 Air flows in an open plan air conditioned
office
@ Tunnel fire (%)
(5) Environmental Flows
(D Boundary layer flow and dispersion over
isolated hills and valleys
(6) Turbomachinery Internal Flow
(D Low-speed centrifugal compressor ()
(@ Annular compressor cascade (%)
(3 Gas Turbine nozzle cascade (O)
@ Draft tube (%)
(% High speed centrifugal compressor ()
(® Axial compressor cascade (O)
(@ Steam turbine rotor cascade (O)

3.2.3 Classic Collection Database

ERCOFTACO* ) Y F VF—F X—=2T, HAE~ ¥
FLAY —REVEHEZ L TWEHDTHL, Lo
T—=FR=Z L —HEHRTLH5DH LN, P bl
LNTEY, HAOMREDEBED DR v, A
y—EVHROT—5 b HE L, ThHKREZEZIILRD
WA NTHbLH, T — 5 215 B EEDLEIED,
MERCTH %,
http://cfd.mace.manchester.ac.uk/ercoftac/

FEET— 5723 ThR, DNSOTF— L LEDL
nTwb,

COWA M, RUVFR—=2FZAFTTLHLEE)EKT
KEGIRED, NUFI—=2DF =7 N—2A%HET S
EVIBENOLLFARLLZDDTH S, U, KD
HHNSTH 5,

(1) CFD (IZBES Zw2%) L DIIC 55 7% 7 —
5, MDD - TV B B
o REHMITTEE
o FEERT—¥ (LS, ®IESA, B
SAE, LA 2 VA, k)
o JBIRFT—¥ (FEIBIR, FHESE, &L
o UENGM (FEEpURAR, SEGEEL, LA
VAR, EiELL)
o T—YIZHT HHIEFMN
(2) D E DFLIR M D > TV 5 B
(3) HMMAEHALRENTWVS
INBIRVWINERL ZEDHELVERTDH 525, 4
ENFFICEELRDOLEZTVD b0, FHIHERE
NOIHTMEHRHOARTH L, L) DlF, &l
FHEEMAZEIZE ST, =72 X NEIMNT L
EVRTEDZNLTH 5,

3.2.4 ELREH
L U 7zClassic DatabaselZ d BEICERA 2T W 575,

BRI T 5 XY F < — 7 2% monographNiZF L o 5
NTWBY, BEINTWLEHIL, DUTD4-5TH%,

(D T1: Boundary layer in an S-shaped duct

(2 T2: Periodic array of cylinders in a channel

(3 T3: Transition in a boundary layer under the

influence of free-stream turbulence

@ T4&T5: Axisymmetric confined jet flows
COWT, T3IE, EHEBRORELZ\T 550G N4
NABRIZHT AT THY, EBETVORKEE
WAL KTHHSN T3 (6),

3.2.5 HZ—REWMAER
Y — REEMNFIR D FWAENT T2 74 I A4 VAR
SNTVDLHA FNTH b,
http://www.cfd-online.com/Wiki/Best_practice_

guidelines_for_turbomachinery_CFD
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3.3.1  {&EAEIFR FHEHEDERT — & OATEDP S 2 WRLT 5 2 LI1dMKR0
BRSHORY FI—271200nTHE, (R¥a~v— CETHDA, FHlIEHELE TR VIR D S OFR

VXNNR=ATH DI LI EDRVD) BRBES T4
TOKTHOEELREDLED, Vieser 5 OB RO FER
ENTBY, B3EILhb, M7, HERPTHMSN
T\ % 1l ZE W O AR E R 04 D F2BR 7T — ¥ £ CFDIC
X5 FMNFERERT, CFDTIX, S hzfilkE T
VOBBHGE PHTE v, EBEE OBV ITR
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3.3.2 FEHHKEZ

7 7 v & RuflRB IOV TIE, R E R
WEDOWE S 225, HRWIRTINYF—2LRD
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2B B R AR B, BT, BT — Bl
DV, D aHwERTIEH %725, AGARD Manual
WAL CTHB#EIZ B, F72, Boles, Franssonsid L
722121k, 9 2 dStandard ConfigurationlZ © W\
TORTFT—%, Eg7r—5 e, IEWEN ik
E) iR ENTW 5,

@D 1%t and 2" Standard Configuration :

Compressor Cascade in Low Subsonic Flow

2 374 and 4™ Standard Configuration :
Cambered Turbine Cascade in Transonic
Flow
(3 5™ Standard Configuration : Compressor
Cascade in High Subsonic Flow
@) 6™ Standard Configuration : Steam Turbine
Tip Section in Transonic Flow
(® 7% Standard Configuration : Compressor
Cascade in Supersonic Flow
® 8™ Standard Configuration : Flat Plate
Cascade in Subsonic and Supersonic Flow
(@ 9t Standard Configuration : Double Circular
Arc Profiles in Subsonic and Supersonic
Flow
INLDTFT—FIETROYTA P TAMIN TV,
Standard Configuration for Unsteady Flow through
Vibrating -
http://www.energy.kth.se/proj/projects/Markus%20
Joecker/STCF/default.htm

3.3.3 wake-induced transition

wake-induced transitionlZ [ 4 % B, EZ o s
NV—=TEEORELATONTVDEY, ThbDTF—5%
T—=FR=ZLL T 53 DRLTLHE kv,

= SET Mol
== & Mlndel
= w2 Mede|
& Yan |
Yanetal 1953
Raigghn 2 al 199]
Humghon & Shimicn 1969

Figner 19 Lovul “omdi mnmialeet fut e i 8o @ Thisdeld 1, J Bl B B dlen B30, B mmll v ol

Framiw 29 gospaes the prodectnd Mossaln ey diamsiitsms for Re = 2800 and L, 0= 2
ol kit mad $5T iwe equation tidmilencs modcls. The meailin o the v masdol (et ot ol
15T} men sl Tha eaperimmatl dets vess (shen Bon Ve (159950, Y o sl (19920
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(1) T106D

T106DiF, F—u v /3 TELHNLNRTWLEITH
%o BRI, FEHEHNT—7122onwT, ¥ 7Y v IR
FERABLTWAY, I 2 YRS (Universitit
der Bundeswehr Munchen) T %, T106D& [ — 3
BIRTV ) T4 714 25 TARELREAHITI06D-EIZ
% M W T, Periodisch Instationire Stromungen in
Turbomaschinen& \» 9 70 ¥ = 7 M 3fibhize 20D
Ty T, K8 DX ICHEREE SR ERNE
BWCTHEV, o NEE LA OV ZHR M T R

THbHZ L bk HREIEN TEBFTDIRLTH DY,

PP IR T — 7 B ARSI TE Y, LiiidWeby 4
RO TF—=F03% T v u— Ru[fETH - 7228, BIELT
7EATERVE)TH D,
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Studies on a control technology of film cooling for high pressure turbines
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This study deals with experimental and numerical studies of the effects of several three-dimensional

devices on flat plate film cooling. The study examines test cases with two blowing ratios (BR=0.5 and
1.0) and four types of test models (BASE, 3D Devicel, 3D Device2, 2D Device) . Measurement on the
test model surface is performed by an infrared camera. In addition, local temperature and total pressure

loss coefficient are measured on normal plane to model surface. RANS simulation using Shear Stress

Transport turbulence model is carried out to solve the flow field. In the case of BR=0.5, secondary air

is diffused in the spanwise direction by the device, but mixing of the mainstream and secondary air is
promoted. In the case of 2D Device BR=1.0, the film effectiveness is higher than the BASE case. As for
total pressure loss coefficient, when device is attached, it becomes higher than BASE case.

Key words : Film cooling, High pressure turbine, Control technology, Experiment, CFD
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Heat Transfer Characteristics of Dimpled Surface Measured by Transient
Technique with Compensation of Three-Dimensional Heat Conduction
(Effects of Slope at Leading and Trailing Edges of Dimple)
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ABSTRACT

Recently, heat transfer enhancement with dimples is becoming attractive for internal cooling of
gas turbine blade because it induces small pressure loss. As compared to spherical dimples, teardrop-
shaped dimples which have straight slope at leading edge showed higher heat transfer by suppressing
flow separation at the leading edge. However, mechanism of heat transfer enhancement is not well
understood especially with respect to the relation to the flow field. In this study, for three types
of dimples (spherical, teardrop with leading- or trailing-edge slope), heat transfer experiment by
using transient technique with compensation of three-dimensional heat conduction was performed
for Re=16000-36000. In addition, flow visualization with combination of oil-film method and PIV
was performed for Re=30000. The present results clearly showed the areas of flow separation and
reattachment and the role of leading- and trailing-edge slopes on the heat transfer. The heat transfer at
the same blowing power was the highest for the teardrop-shaped dimple with leading-edge slope, and
it was higher than the spherical and teardrop-shaped dimple with trailing-edge slope by 17% and 53%,

respectively, at Re=36000.

Key words : Heat Transfer Enhancement, Dimple, Internal Cooling of Turbine Airfoil, Transient Technique,

Flow Visualization
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Development of Supercritical CO2 Closed Cycle Gas Turbines
—Development of Regenerative Heat Exchanger—

FEHA T BEH AT
UTAMURA Motoaki KAJITA Rina

LIPS i R

YAMAMOTO Takashi HASUIKE Hiroshi

ABSTRACT

Since an optimal design point of regenerative cycle exists on the side of lower pressure ratio,
heat transfer surface used in regenerative heat exchangers is requested to be those of low pressure
drop type. In particular, for supercritical CO2 gas turbine, its cycle efficiency is enhanced with the
heat exchangers whose regeneration efficiency is over 0.95. Hence, the requirement of low pressure
drop heat exchangers is of critical importance in the system. To this end, the microchannel heat
exchanger with the advanced heat transfer surface is fabricated and tested by using supercritical COs
demonstration loop. The thermo-fluid correlations developed based on numerical experiments generally
agree well with the test results. The heat exchangers demonstrated regenerative efficiency over 0.98
under design temperature and pressure operating conditions.

Key words : Regenerative heat exchanger, Supercritical carbon dioxide, Microchannnel, Closed cycle
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Table 1 Specifications of fins

Item unit Xfin Sfin

Dy, mm 1.062 1.067
o — 2.63 2.33
B mm’’ 1.75 1.56

a \FHA IR ), B ITHAAR Y ) DR
(WbWwBI N7 FPEAR) BIRT, Wb, X7 4
Y DMEDK E VO TIREAR A DL B2 S5k ST
T4 rEDarRsr NES RS,

2.2 ¥{ERER

CFDTX 7 4 ¥ DIn#dik & ix7z. T VEIHKT
EBERSM % Fig 2 1R T

FHEORE, X7 1 VIIEEATEREICEN 2 2SEEKR
&L, ZOBEEPHRBMOEEICD L Z EDbh oz,
22T, arv R ENREL AT LD (BEX
T4 vERT) £ TA, Fig 3ITRT L) CmiEmk L,
Fig. 4 137 L — MZSUS304% M\ 72 35 & DI BAR K
CIENREBRBOBERBTOREME R T X714 ¥
WAL, X7 4 VIMMEBAREK A HA I LR
T TETCVD, DT 14 ¥ % FAERBOET L7z

Constant temperature

Periodic B.C.

% Flow

Periodic B.C.

Fluid

Solid wall

Symmetry B.C.

Fig.2 Computational mesh

it i
i

™
nm
) 1y — g e - T —
R T Wi
| ' L ' .
- — g
. .-‘f* R gy Y
= | . S R -
F k_"fr' - = ]
ol lﬁf‘ 1 - R 1 g
bl B
| _{ H ¢ — - WY
I nr
T
i
L] ¥
1 W i d o - R

Wain

Fig.4 Calculated Nusselt number, Nu and pressure drop
coefficient, f

T4 YNy — VIZRELSmmOSUSI04D I 7 I H v
IyF Uy ETHEN, FNEHE L CIEEESICLY
—KMbT %, mimA L KRFEARIKEICHEE S h 7
L— B (Y 7NNy F 0 D) ISl XA L
xR & TR L CEGCH 5

3. XB

3.1 KEEABERTIRBOEE - BYF

Fig. 5 13 FAERERV — 7 OMME X % 7R {EBhif A IE
JEfE, B, IR, BHO TR 2R TR LUEET
bo FEBGZHEBORENL, & — Y UIFRODORA B E
FEAEREIII OWARICIR T2 2 L 12 Do altSth 21
B A 7 VTHA 7 VRIERER RS 5 OIS EE R AR
095 (R Im MR LA =R 5 AH12098) V& Lize YA 2
VEHETRD QL @DME T (RE, EJ) &
FnZFENn® (528C, 11.97MPa)

(249.3C, 8.32MPa, )
T, ZOL ETWBEIISILkWE 25, EHHEEIEE

WVirlon CraagiE

Fooramod sdged  X-lin

Fig.3 Comparison of velocity vector around fin between sharp edge (left) and rounded edge (right)

— 82 —
Download service for the GTSJ member of ID, via 160.16.212.192, 2025/05/28.



Vol.40 No.6 201211 BEERCO7O—XRHAIINHX2—EDRE—BERTBmEBORRE— 339

Turbine

NG M
o= 1G |
(4)
T Electric
heater
®
(8)—

Regenerative heat
exchanger

Compressor

Precooler

Fig.5 Schematic of demonstration test loop

T & AR O G 5N B AT 2kg/sORE60kPa & 72 5 X
I IZEEET L 72

BWXT7 4 BB OB E % Fig. 6 12R

VURE D PRI A7 L F AT, WA A Y Midk
FIZALE LT b, OEf (344mm) DRI % 5%
FHEE L7zo Tha7eiiEE LT 1He Lz, &fEmo
MESFEE L (550) W (190) H (132) »%23k, fz5#k
MH13032m? Tdh 5o PRI OFHIIEE X, #458
gt A L - 0 & Bl - AR A0 £E %,
TNENDOT Va0, JHEIEREE O A D OHRT
HWELe AV =20y Z7#HETFOEIICE Tz
AAE D S WRIY R AL, $MOBZEDLE
PEBR U720 72, WEZ ) F ) ERREFCTHIE L2,

550mm

344mm

190 mm

Fig.6 Deformed Xfin heat transfer surface plate

3.2 HHEREWE

Fig. 7 (3 EBR#PA %2 R T MO 1O FHIRAE E A
RETH L, WELIEZ, BER, WHEROHEEZ )L
HPAIZ A N—=LTWb, BEIEMOBEHERT— 5 OK
ok, AR AR BB R () o4l
(F2M) TP EN TS,

BAHREHE 5 cmDREM (T vy 7 —)v) TEA,

Fig.7 Experimental range

i & AR OB E DR (FE) 1Z05%FETH - 72,
PIROWERDT— 5 5 L, PR & HEa X
X 2% TH o720 ThUE, BB LZHDOT L —
FOREE TR ENTVWEDT, #4720 OERKDS
NS CAVED S OET 2D RN LI X
o PHRIGREMRE CPHBEIS) OFEBREIZRA
IZE Y RD7z,

U =Q, /(AAT) (2)
1/AT = f“dQ/AT(Q) (3)

2T, AT —BALEEREEY (K)

—J5, UL APOFEMIZLT 25RO 720 B D
FMEE 7 Ay MaHEIL, e oRBERHTE
2, MR E v CER, KR oONuE U EHET %,
Z O % SFERIG R R L 35, JTEIEK O
HHAMEIICERL T EREOUZ HWTRST 5.

AUF = Qf“lA“ +a°1AC +tA_W'(A“ iAC))W
NU = @D, / 2 = 0.572Re"*" P s (5)
AP = [pdx = ["¢LdQ /(AU,AT) (6)
o= G /2/D,)

f =3.05Re 0> (@)
Re=GD, / u (8)

EHRIARBARE, E R, ENBRE O E B
(Midh) & aPsE0E (Kl o#EZ2Fig 8, 9, 1012R 7,
EHAMERBIIEROICHVZERA B HEAZ R L 72,
FLUENT & ¥4l 5 4 75 V) — PROPATH® % #1 & &
bR BAEERD S5 5 N AHBR O R EEZ, Bl iz
AVE MG Ol i R IR CIIMBEREL, IR AR BN
MRXoOVFNH15% DINORE CERE —HT 5, —
Ui, BER TREBREOFIMEIZERZ 15 ~ 20% 8
KEfM L, K %15% #@/NGEES 2. iR T —

Download service for the GTSJ member of ID, via 160.16.212.192, 2025/05/28.



340

BEEFRCO 70— RYA VAL —ELDRE—BEATREDORE— BATI 2 —ELFREE

T DINT Y FHPREVEENE, OBAFROR S WIFER

TGN T0 BFHIE LT oz, QOIERD
AW T2 O TARBIRE 2 A THV/N S L EOFHGR A

2 & 2 UNORENHEAEL, ORIRIIARD B T it
VAFAE S B Bl B0 TP E O IR0 5 J&
VENOT, WEOFHIE (£01K) 75>Pr0)1ﬁ 25z
LB EEHTE 2V, 2Ly, R4, G)MEE
#%%méﬂélokMLUﬁﬁé<ﬁmtt:tK
rarLEZOND,

VLEoiBiER coFBITEmmaEd kit (1.2kg/s)
TR LENTEHEONIZLDTH A,
1ﬂ’ﬁLTableZ W, D, mEE, e b ITKE

ST VS Tllis LB O T — 7 2R T, BE
R R A HIH L o 7272012, s L osdlzn §

T A= IR RN EB VA SN S, Fig 111
HEHREREICH L5 A =2 D20mind ML~ N

8 MO T — & PRI % 7R § . Bt AR o AT T O
AR E DIRMEZEDOKIEE TH LI L, TolOT
VIR AT 1 KRR ISR 3 LSl R SR As w2 &
P Z Do FimMIREE - AR 22 (kW) DFRE
F04%FETH Y, HEOBVWT—I 236Nz, 8
MOT—%13Fig. 8, 9, 10IC@THERL7,

AW dr O VI IRIG R BAR B O BH A FE A &
15% N D FRFET—FH L THB D 1900W/m’*K & v 9 Hw

fEAR o, TR,
(984%) =R L 720 EimMliER) =R
9% % 572, 22T,

EiREIR RN (Temp effectiveness of hot fluid) :

(Tm~Tuz2)/( Tm~Ter)

(Rege. Eff.)
(h (Pui, Tui)-h (Puz, Tu2))/ (h (P,
Tu) = h(Puz, Tc))

nx::'l'ﬁ*“ﬁ@95% %JZIEIZ>1
1399% & BB D

nT=
A
nR=

Fig.8 Overall heat transfer coefficient
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3.3 EE
Fig. 8 IZBWT@ (Case 1 ~8) D FIRIF(ZEALREL
DFHFMEDZALD/ NS DIZ, FEHMEICIIR & 2ED S

5. ZDHMHIZOVWTELET 5,

Case 1 ~ 8 D FHAF [ 47 1 35 W THABAASHR S IR
A9 2 v Tt A & BT P4 oD 1 J3E 22 B D foe A AIEL U v
A A Y L TO55C TH L DT, SNOIEERT
DIARD BRI EEZBIE S FREP T T EEZ LR,
AR DR Tave (317K<Tave<482K) 2k~

B AR O A EHEIZ60 ~ 70kPak 1ZITRRETEB Y T/ E o BRI O KR O B At X — € & R
I < EF S o LitioT, WIPHCES CRHES L2 T
Table 2 Thermal performance test results of regenerative heat exchanger

Items Unit Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Average
Inlet temp. K 480.9 480.9 481.8| 48355 4823 486.4 483.1 4832 4828
Exit temp. K 317.7 317.8 3185 317.4 317.9 317.1 317.6 3175 317.7
Flow rate kg/s 1.10 1.08 1.08 1.08 1.09 1.05 1.09 1.05 1.08
Hot fluid Inlet press. MPa 7.76 7.5 7.76 7.76 7.5 7.7 7.74 7.74 7.5
Exit press. MPa 7.71 7.71 7.2 7.71 7.70 7.3 7.69 7.70 7.71
Press. drop. kPa 53.3 46.1 433 50.2 48.7 44.2 55.4 44.6 48.2
Heat load kW 241.1 237.0 238.3 2423 240.5 241.0 241.0 235.2 239.6
Inlet temp. K 317.0 316.7 316.8 316.5 316.9 315.8 317.1 316.4 316.7
Exit temp. K 425.9 426.3 426.3 427.8 427.9 430.9 429.3 429.1 427.9
Flow rate kg/s 0.99 0.96 0.96 0.97 0.97 0.94 0.98 0.94 0.96
Cold fluid Inlet press. MPa 10.6 104 10.5 10.5 10.5 104 10.5 10.3 10.5
Exit press. MPa 10.5 104 10.5 10.5 10.5 10.3 10.5 10.3 104
Press. drop. kPa 20.2 17.6 16.4 19.0 18.5 17.0 21.0 171 184
Heat load kW 242.7 237.0 237.1 243.5 2411 240.9 243.4 235.4 240.1
Heat balance error % 0.66 0.00 0.51 0.49 0.25 0.04 0.99 0.08 0.38
Temp. Hot fluid % 99.27 99.27 99.21 99.25 99.24 99.27 99.22 99.28 99.25
effectiveness Cold fluid % 66.43 66.75 66.33 66.60 67.11 67.46 67.58 67.54 66.97
Overall Exp (Eq.(2)) W/m2K 2152 1780 1569 2035 1865 1782 2298 1769 1906
heat tran Cal W/m2K 1928 1846 1793 1906 1860 1848 1937 1832 1869
Rege. Eff. Exp. % 98.44 98.42 98.30 98.36 98.38 98.33 98.35 98.43 98.38
Temp. diff. at hot inlet(AT1) K 55 54.6 55.5 55.75 544 55.5 53.8 54.1 54.9
Temp. diff. at hot outlet(AT2) K 0.7 1.1 1.7 0.9 1.0 1.3 05 1.1 1.0
Ave. temp. diff. }Q\/ITD(Eq.(S)) K 13.0 15.3 17.4 13.8 14.9 15.6 12.2 15.3 14.7
| ) " |LMTD K 12.4 13.7 154 13.3 13.4 14.4 11.4 13.6 13.6
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Investigations of Performance on Vaned Diffusers for Centrifugal Compressors
(Ist Report : Diffusers on Low Specific Speed Centrifugal Compressor)

i A

KAWANISHI Tsukinami

ABSTRACT

W AT SR

TOHBE Yasumasa

KANAZAWA Naoki

In this paper, the performance of vaned diffusers on low specific speed centrifugal compressors,

was investigated experimentally and analytically. There is a problem of non-uniform distribution of the

flow at impeller exit, as a factor to deteriorate the performance of the diffuser. This problem appears

remarkably on the low specific speed type, because the blade height is relatively small and the flow

inclines toward circumferential direction. The experiment was carried out with second compressor of

two stage centrifugal type, focusing on the effect of number of diffuser vanes, vaneless ratio and throat

area. Furthermore, unsteady fluid analysis was carried out by using Non Linear Harmonic method in

order to understand about the phenomenon associated with the problem of non-uniform distribution of

the flow.

Key words : Gas Turbine, Centrifugal Compressor, Impeller, Diffuser, Impeller-Diffuser Interaction,

Unsteady Flow, CFD
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Improvement of compressor performance and noise characteristics in a centrifugal
compressor equipped with vaned diffuser

g

GOTO Takashi

ABSTRACT

KH - Sei™!

OUTA Eisuke

KH

OHTA Yutaka

The purpose of this study is to investigate the effects of both impeller-diffuser gap and diffuser

inlet angles on the compressor performance and noise level radiated from the tested compressor. The

original wedge type vane and hub-side tapered diffuser vane, which has tapered portion on the hub side

near diffuser leading-edge, were tested. These diffuser vanes were placed on two impeller-diffuser gaps

and three inlet angle positions. The compressor performance can be improved but the radiated noise

level was enlarged by the vaned diffuser with shortened impeller-diffuser gap. By hub-side tapered

diffuser vane, not only compressor performance, furthermore, can be improved but also wide stable

operation range can be obtained.

Key words : Centrifugal Compressor, Tapered Diffuser Vane, Noise, Impeller-Diffuser Radial Gap
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Table 1 Dimensions of Tested Compressor.

Tested Centrifugal Compressor

Rotational Speed N 6000 mint

Mass Flow Rate G 1.64 Kkgls

Pressure Ratio Ps/P, | 1.1
Impeller

Number of Blades z 14

(Main + Splitter) (7+7)

Inlet Diameter D, 248 mm

Outlet Diameter D, 328 mm

Exit Blade Width B, 26.14 mm
Diffuser

Blade Shape Wedge

Number of Vanes VvV | 15

Leading Edge Diameter D;| 360 mm
Trailing Edge Diameter D,| 559 mm
Diffuser Width B,| 26.14 mm

Revolution Measuring System
[15 Diffuser Vanes|_Pulse Generator |

Oil-Film Method

N Trig.
'

! FFT-AneI zer
i v e e S =S A

of Rotation /4 0.3 m from Inlet Bellmouth
Condenser Microphone

(B&K 4133 Conditioning Amplifier ||
(B&K NEXUS 2690A-20S) [

Noise Measuring System

Fig.1 Experimental Apparatus and Measuring Systems.
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Table 2 Diffuser Position and Inlet Angle.

Diameter of Diffuser | Vane Inlet Angle
Leading Edge Position £, deg
1.10D, Original 23.4

1 25.2 (+1.8)
1.05D, 2 22.4(-1.0)
3 20.3(-3.1)
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Fig.3 Compressor Performance and Noise Characteristics.
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Suction Surface near Diffuser Leading-edge.
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Fig.5 Visualization of Flow Fields in the Diffuser Passages and on Suction
Surface near the Diffuser Leading-edge by Oil-film Methods (ODVd).
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Suction Surface near Diffuser Leading-edge.
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Fig.6 Visualization of Flow Fields in the Diffuser Passages and on Suction
Surface near the Diffuser Leading-edge by Oil-film Methods (ODVs-3.1).
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Fig.7 Visualization of Flow Field on Suction Surface (ODVs+1.3).
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Fig.8 Visualization of Flow Fields in the Diffuser Passages and on Suction
Surface near the Diffuser Leading-edge by Oil-film Methods (HTVs-3.1).
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Conjugate Heat Transfer Simulation of Cooled Turbine Vanes Using Unstructured-

Mesh CFD Solver —
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YOSHIARA Tetsuya

ABSTRACT

Application of y-Rey Transition Model —

Hoig R

NAKAHASHI Kazuhiro

1A % A !

SASAKI Daisuke

Conjugate heat transfer simulation method was implemented in the unstructured-mesh CFD

solver to predict the thermal loads of cooled turbine vanes, Mark II and C3X. In this simulation, the

fluid domain and solid domain are solved simultaneously satisfying the continuity of the heat flux and

temperature on the boundary of the fluid and solid. In addition, y-Rey transition model is applied to

predict the boundary layer transition which often occurs in the flow around turbine blades and affects

the material thermal load seriously. The predicted thermal load results from the two-dimensional

computations are in close agreement with the measurement data capturing the transition on the suction

side of the vanes.

Key words : Jitff - B8l it &, CFD, Itk T, BRET N, ¥ —E &H, Conjugate heat
transfer, CFD, Unstructured mesh, Transition model, Turbine cooling
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Power Increase by Decreasing the Temperature of Gas Turbine Inlet Air
at Higashi-Niigata Power Station No.4 Unit
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ABSTRACT

The output decrease due to inlet temperature increases of gas turbines in summer is a critical issue.
For decreasing the inlet temperature efficiently, the mist atomization technology developed as a thermal
environment mitigating technology was paid attention to, because the atomized mist is minute, and the
evaporation efficiency is very high. In the present study, a mist spray model was developed and applied
to examinations. The most suitable nozzles were chosen, then effectiveness of the mist atomization
was evaluated by the model. At the same time, flow-duration of inlet air channel of the gas turbine
intended was analyzed, and positioning of the atomization devices was optimized. The mist spray device
developed in this study was adopted for the 4-4 GT in Higashi-Niigata Power Station, and successfully
increased the output power in summer. In addition, it has been confirmed by executing shutoff tests of

| BrtiEmsd —

atomized mists that the device operates safely after introducing appropriate inlet humidity limits.

Key words : gas turbine, inlet air cooling, mist, power increase
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