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On the Reduction of Unsteady Thermal Stress
in Air Cooled Turbine Blades

By Toyoaki YOSHIDA and Masakatsu MATSUKI

Unsteady temperature distribution and thermal stress distribution of air cooled turbine
blades, having thin wall thickness, were calculated under several assumptions. Transient tem-
perature response after a sudden temperature change of the working fluid was approximated by
the fundamental equation of one-dimensional heat conduction in the thickness direction, then
transient thermal stress of the blade was calculated under the condition that plane remains plane,
considering as in a quasi-steady state.

As a result, excessive thermal stress was shown especially at the trailing edge region in a
few seconds after a sudden temperature change of the working fluid. The position in which this
excessive thermal stress occurred could be connected with the difference of the temperature
response at each position of the blade.

When the temperature response was made equally at every part of the blade, the transient
thermal stress could be remarkably reduced, where temperature response was determined from
the blade surface wall thickness, heat capacity of the blade material and heat transfer coefficients
on both sides of the wall. The equality of the temperature response can be actually obtained by
giving the blade surface wall thickness distribution corresponding to the heat transfer coefficient
distributions. When the blade surface wall thickness obtained from the present method conflicts
with the blade profile designed on the basis of the aerodynamic performance, it is necessary to
introduce a film cooling or a transpiration cooling to the relevant region. Then the equality of
the temperature response is attained without the modification of the blade profile.

This method giving the equality of the temperature response was proposed for the first
time by us and applied for a patent.
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HIEFESIL 1.08~1.11 (sec ) OBBICA L, THbLM
FREIE - T IREBEBRAKHIZOBREL RADH
—ETHHLLTIV,
P (B)RICL H5HBIX7=1.067(sec) ZNL7
=7920(Kg/m’),» ¢, =0.14 (Keal /Kg°C) Th>%,
BRCEIARMEBE (7T )OERETRLALIDO TS
%,
rep=4/,1b 2 TRMERENE—TF L LBER
BEQE 7 ICHIEL TEILI#A, T=a5-Tcp &L
THB oy T B INEREICL D RS & ag=0.9829X10 "
BB HHAME o= (a,, +a,, ) KD ay=0.9625
X10 *(ay/a{ =1.021) Td 5B, Lihi> TRERC
BMLTY(BDREHWREIhTW S,
ZPAHEBEAREHCERTRITIZ N, EWhWH0
i, B3256860%L 5CEEREERERT{LIN
TR T LB TEARIMACKIE L 26 25
Th5, £ N LEEOEUELRZhIDEE2E > T

(B EVS BRTREENICERZ ERT RT3,
HEOER, F2bbLAMNKX(25)00 )R LI
T &, BRERDOORBREINIBGERE (B)R L OB
ZBERETHBL 2T s, 3L REEROKMMBESHCL
LRFEB L (A IAEEOFEN ZRT T LA S
DORREL TREBRIER LR =17 ¢/ (a,
+a.,) TRbT T EHTE B,

23 EA M

“FHOBE A — £ RREAY € L 2B, BERE
KEATROBER 22— ANRE, RENKEL L
RHETHBFOTISTRTELLSRE > T3,
ZZTRTORRO—FIE B Lift, s Tost
HIIAHERBELOLBEERE T5, 101, K
10- 23 FAFNMBBEKEF ( SR Zn@E@ ), REL
BB ( AWMAEBENC 3 K 56 Ot BIHIEOER]
BEE~T, SHBEROF#FMIZR20A D TS 2,
EAABBOELARIROBED TH 5,

£2 FERHRROFHBRFM

Ch i o®m B B BB A xsr—n 1% *%
1 J XA REBEETIN 40 (mV) CAREBENOEES
2 ¥ M B ETR 40 (mV) ”
3 A—v ANOBE T/ 40 (mV) 4
4 £— v AOLE PT 4 (V) EhE®REOHN
F#X P (Kg/em g) =(PT(V) - 1.0281 ),/1.7058
5 EHA Y 7 « XEE DP 4 (V) EhOZ®mEBZEOHN
T# 4P (mmAq) =(DP(V)— 1.0245),70.008722
6 m H ® EWFF 4 (V) BR—pr7n— A— 2
+ FV T &5
THRA W, (Kg/8) = 0.042204 XFF(V)
EHZiX>va—% (MODEL WTR281)
I 6, =2 : 5mV ./ 40 v— AMEY
BRE BERE : Sm mm (HE0.58)

PR FeastE © 40mm (P-P) T 0~30Hz
S EREX b EE ¢ 250mm,sec
DEEEE HERE
ch4 MODEL TP-210G EN>9:0 oo
ch5 MODEL TP-210D Emoyﬂjg&q
BEQRIARS— 2D+ 0.2 %R
A—¥€r7a—4—% ( MODEL COX AN8-4)
BEVvr Y 43~430Kg/ h, BE: HI0+0.25%
ERTH /A R, BREJICETOBEZHBIL T
A%, BHEAIENETA 200EANEED / XA R(Ch
1DTd5, Hl11d/ A REENTEBREBNOBRMR

/ ArRBEMNEHREN O KL

B 11
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Brr LAl TRENBARKAM, REHEE LI
BRyfPROoFAMTH L, - ADEBE (Ch3)
REREHE (EEH 2mm ) OREN TEE&HE M
BAEmEICCh 1 BIEROE YEFTH 5, BB B
EXBRTREEEBHI L LnRBAEINDL L LIE
BHROSWMEREFTILLV- TIBHME 51, LK
2Ty T ANEERIR L LR TEE W, ThbLAE
KEFRADEBATRRT Yy 7ANEIEINEHE
KDVBEBINDEANYLURH A AT &> TREDR
EREIETA2ABEW0-1CROhAL 5 A—EY
AOBER—EBRAECE L% FTERELLZXL—FEHE
CEEBCOVBEATD 5, IHFBRHL « FIdEZ20BR
Lo F—EANREBEORWERILeHFsz LT
P, FohLno THENENYIBE CEBTLHTL

MEFHBERHRAERE 364 5

HREDEOE T I L PRV XOBFN R O TR
MitE ST BLENENIBFEFLLE10-2ICRS
N2r 52— ANDBREXTE L% 26 LBIHEN
ECZ ~ARBRATHRHL-HzTX5C LTk 5%, L
LEAFCETARAMBCEST 52 TORB, L Bl
CE T 2B L e BiLEOBEBAER10—-1, 2KKRLT
£ OEREEL LB L TW A AKX 5y 7
AN T H52—RESNEGELIT T LN TES,

AT/ A REEOBEILER N RBEOH  hiMk
BHOGELZ EFEBATYWARDAERRL LA YHIC
HEBTHLLHTER N, LY RABREONER
BEAIABRENOE( NpidbidD, BEREBEONER
YEBRRERLOLRDLCH T XBE, REERTRHOR
BERORER FABREBFOFEBRTHEEL XTI

&3 MBRUSHEOREEL:EBRE (H10-1, H10-201E4)

fo# (F) (NHT 232-09) | %#(¢) (NHT 232-07)
HABE I, (°C) Tg, 132 Ty 229
’ T:; 1012 {zi T:. 102 Elz
1 3
RANEE Ty (°C) 414 ﬁr 110 L_Y’
ES i
% B G (Kg/s) 3.23 4.31
BEEE 1, (Keal/mhT) 0.069 0.027
BHEN 4, (Kg s/md 5.0 X 10°° 2.16X 10°°
B ® cp (Keal/Kg C) 0.285 0.242
BHER
# B G. (Kg/s) 0.1518 0.0372
G/ Gg (%) 4.7 0.95
MEEE A, (Keal/mh°C) 0.026 0.029
HEEE  # (Kg s/m) 2.12X10° 2.35X 10 °
B cp (Keal/Kg C) 0.242 0.243
AOBE T, (C) 88.3 136
R ImE Wy (Kg/8) 0.04757 0
EZRE Gy 67.9 _—
0 BRRRE (Kcal/s) 487.6 —_—
W, H, H:10250 Kcal /Kg
Q; Eiox > An ¥ LR (Keal/s) 750.4 - 124.1
Ge Cog 8T,
Qs 51 FORBE (Kcal) 258.0 - 37.2
Gi Cpi1 4T,
Q. 71 FOZRE (Kcal./s)
¥ 5.26 - 0.392
54 11.6 - 0.03
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EbZwn, ChOLOBENTHE T DR 2 #+HTHEIGE> TS5 (MBB-38R ), LHLT0
ORESR BEUSEOWHMELLETS D, 2DOEHES ([ErORERICHEL TUREWBAARKREL TR
B BMAERETZRTAHE AL RN, £33 10-1, THEBL 2\,
M10-20BE8 T A2EREBE CRELTTRL &4 TTRACTLARPOBFER 7,13 7, & EHE(Ch
CHERE L TOBRERETRTY SERESIVERE 1) 20BTLAIOTH S, 2 Y LRHICHEDALL
FEBOEHRECODWTHENAR B CHE T 5, BREMNIRHLE LAEILEr T YO L 2% T, O3
HRABEOHTEH (1, ) #BARFLLeHiBL TRE  HORBHOBERAB TS 2L 15,
ARERCHANEE % ( BBHAF AT/ Xr ), 5 AT RE IR A RHOBER L (28)R T =
1FORBELEL L TELOND, ZOT2RWFh T oL 4o ) ) LORBRMESIROMORYH
3L e HBNLERERTFMCER T2, 5 #RTHTLBERLLTENTE S, ThbbT =
1FORERICBLTREI OO/ o e ROZLM™ 1, & LI T, e EANH (g +a.,) 3850 50T
BRH) 15.3 (sec), X)) 94.2 (sec) €35, D3 COEATERTATHIX () XAERMEL:LOEMNT
DAEHELS 4 70 L ORBREIHBNICE DL TLE 2 BREIEATCENRTE D, 2 ¥LLBREIEIRE
Wi 51 FOBEHR®- (b TET S, RS TETLHROBEL, EWRTFOEEIL
RACTRLABTE LA RENOBER Irct N RAB FORDRABANOBIBREEHBETH> T HY
EOERE (Ch3) 2 5BELRZIDT, 77— 208b ZREOTRABLAMBEEECA—2—28ETHC

(4 BEN(K10-1, M10-2088)

o B (H) xOH  (¢)
HABE(Ch3, BEZL) 1,/ (sec) 1.58 3.44
RHBEE(Chl, BEEZL) 1 2.65 7.28
2 BEAREY TrC 1.013 0.56
HABE Tg 0.33 2.89
RHEE T ! 1.76 2.36
¥ 1 1 i ] T T 1 i ¥ 1 T ] T 1 i H
\ 1000 Kcal /m’h<T

m® () (NHT 232-09)

—_——— i (C) (NHT 232—07)
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| 100
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ELACERNZBH ERB-BETITZ 52 L3232 )
PHTE 2N THE, H100B4E1=1.2mm (X
1188 ), 7=8.61X10'Kg/m, cur=0.11, cp,
=0.12Kcal /KgC £ RRAL T

(Cpatee =232, (@gart-aeade =1891 25 o
85, ft1h QGQu/dp,=1.0592, Q.g/a..=3.0007
(ABRB-4&R) 2 2ABKIBLN L0 T, ThbrH
VIS LROL SR B,

G = 1828, a4 = 495
ag. = 1726, 165  (Kcal/m hC)

FRAOREZFRAS(HOEREER L ALL LT
HXHEDAE T XD, —HBHEIRMOMGEEILZY
ZEERT, LNnODORBE)OBES(HOERIE
RTELONHMEERQFNCEHEL AR ( HEAX
W) KLB)OMIZIKINhIZKESTY a,. =700
(Keal M hC)BETH b, TOESHREN 0.4 ~
0.5 Ta.,=470~700 (Keal /m hC) L %2505 TH
Z

LHLZZiBIBLARMT, RIKI=0.6mm, Qcu=
495, ac,=165Keal M hCE L Tomy, Aoyt B
+5&, 0,5=667, @44=1781 Kcald hC% 8%, C
hbdWTFh IZLZBE L TERTES30TH 5,
(B R LEH AN 27, ERELOLRBOLAL T, I
WFA R FThEThRECOBR L 2 23 ), HESH
B YHETOMOL D HFTHZ IRERIR>TCH T
ERERTLE, CINRNAEIPAEIRHOBE DA
BLENR—RFCNTHELUTE SR LRI FOK
EHE 3.1 HTHALHEFREOHE L)L FEH I
NN (@28 & —BT20EI0RHETE Z\n,

Ao =

3. WAZAIY—EOROIEEREESTHHA

BEA-ECrFARABRGR / XA RIEKI3CGRT L
SLBAME T3> (REDCR> TRAELXHOL 5
CENBECAELNECEAATHEFEL SR IBX
CGEAT 5, BETHBNBRCEF T 2REER ( ap,,

MEFHBENHRTRE 364 5

Oex ) B LURBERE (Tpe, Tes ) A TROEBLD
BEHETRD%,

F—EYAOLR T, : 1150T
BHEZAQLR T, ¢ 50T
F—erAQER=< v~ 8M: 0.170
HHERLEROREREN : 0.02
ERAREORKRECR » A REFEAOBEIA Ty
R—ElE Tee =Ty =1150 °C &£ L, BHLZOBERS
1 Tos BBEEMIC L 2 BERE D 20 b RiOK, —HRA
HOEHM BHEIMOMEIENfFa,,, a.BE
MCERXT2MAHRE PRCRIBERME YT S
REZOERA I VEH LA, HEOFHK I AWK
FL(EL 20T THEE T, QMARES
ERHOHERERTH 5, HPHREEARL E2 A%
LICRA BT BR LA REBOMR TH 2, HH2IM
REZR o, BPEBROA{ TERWMICKEL E>TwBD
B8 L0% L 5 KEHDERO BEIESBICHEL
ZoTwhwabhkTdb,

13 BBA-CrF4RABREKA/ PR
(RABR—=)

2000 Kcal /mh<T
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