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Abstract

Hot corrosion resistance and thermal shock
stability of 2Ca0Q+Si0O, —Ca0-Zr0,, Ca0-SiO,
and CaO - ZrO, plasma sprayed thermal barrier
coatings were evaluated by investigating the
ckoatings after heating in furnace for 3hours at
1273K with V,05, N aZSOQand NaCl ashes, and
by monitoring Acoustic Emission of coatings in
1273K =2 room temperature thermal cycle test.
At hot corrosion test,CaO stabilizing element in
the CaO - SiO, and CaO - ZrO, readily reacted
with V and S compounds, but CaO in amor-
phous ceramics produced by plasma spraying
were relatively resistant to corrosion. Particu-
larly, 2CaO - SiO,—10~30 mass% CaO -« ZrO,
coatings have been shown the excellent hot
corrosion resistance and only a few AE counts
were detected in thermal cycle test, because the
coatings contained a large amount of amor-
phous compounds and many effective vertical
micro-cracks to improve thermal shock resis-
tance.
1. % 8§

HRE—ErOEmBIRE LT, WEMEP
WHIEERET ORI T Tw» 3%,
BHEEC L > TERE N Zr0, REE X, B
KRS E OBNSFLOFEL, Zr0, EXMRET 5
BRGEMIC L > T, HEBRERT S BEHRET
MEECRET 2BEEF T2 96, #
ERYEEE (Thermal Barrier CoatingPA FTBC)

(FEK 3 F 7 A15HERZAT)

—Ca0 -+ ZrO, %

2Ca0 - Si0,
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BetfiamsL

F1 BHEHMECERES

Item Materials and parameters
TBC powder
Top coat (mass%) | 2Ca0-Si02-5~75%Ca0-ZrOy
85%Ca0-Si03*. 10%Ca0-Zr0Og*., 31%CaQ-ZrOy*
Thickness (pam) 300
Under coat (mass%) 21Cr-10A1-0.8Y-Bal. Ni
Thickness (pam) 100
Spraying parameter
Spray gun (=) Plasma Technik F4-B
Power (KW) Top coat (48) Under coat (43)
Plasma gas (=) Ar/Hp
Spray distance (cm) 10

* Comparative spraying powders

§ 40um
BEI R

BEE1 2Ca0 - Si0,
D SEM 5

—CaO - Zr02

Si0; (2Ca0 - Si0,), 10%Ca0 « ZrO, & U*31%
Ca0-+ZrO, (Ca0+Zr0,) % ML R %H
T3 2R OB EHEL 2, '
2.2 BEEAER

TBC Ot #ERME 2, B 1@eRT &3, 32
ER - D450 X 30mm D HE R 12 IS KK 2 B R
LR BE—F, F DRMNEIDAEIZ, Acoustic Emis-
sion (L F AE) ¥ ¥ — 2 Efihx ¥, KERDOA
21273K ICHERF L - BEFEICEA L, 15min &
Bk, FHATHS T 2 BRIERBEL T, B2 138
ERIAREEOHMELRLIbOT, HEBRAFIZE
EL, BERF ZRIRICBESEILICE - T, A

M1 AEESLCHRERARARRA
(REERAOERRRA)

BRI OINEL - BHIBER EN B L 312k o> T w3,
2.3 HEEAFR

TBC 0EEBEREMNR, H1OKEFRT &3, R
BEBEAEEES L3258, FhFhO
FLERIC Y 72 55X 5mm OFHIC D&, REEH
210mg/cm*QEE L 23X 38 FH L1, BE
EH L LT, 100V,05, 85V,05s —15Na,SO,, 15
V,0s —85Na,S0,, 90Na,SO,—10NaCl (#&=Eix
mass%) 2, #FnFN1273k DESHFHI23h
BEL,
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2.4 TBC MMM
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3. ERERRUEE
3.1 2Ca0-Si0, —Ca0 * Zr0, REENHKEE &
Mz g |
CaO-ZrO, & F & D & 7% %52Ca0 - SiO, —
Ca0-ZrO, K #12 U, i 065%Ca0-
Si0,, 10%Ca0 « ZrO, BUr31%Ca0 « ZrO, K&
OWH R XFEMBTHRET 2 & &b, X#HEE
WEITOEDOERER2CEHL 1z, 65%Ca0 -
Si0, R Uf31%Ca0 - ZrO, KEDWHE I 3B/t
X7 3y 7 AEHKERE O R AR NS ER
a3, Cal - ZrO, #10~30%& 22Ca0 -
Si0, —Ca0-ZrO, Iz 13, BE 2 WXRT LI
BEHLIE 2 DRET, BHOBMZEND, K
BFETRBEAMICREEL, RETIEERICE

#2 BEVENKEOXREER L KEKE D

e n FeAEARBT
Coating e <2Ca0-8i0y £-2Ca0-8i0p CaOZrOz cZr0z | ¥ oractl
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Abstract

The exhaust emission characteristics of
spray combustion have been investigated exper-
imentally using a pre-chamber type vortex
combustor developed for a 300kW large-bus
gas turbine engine. These were evaluated with
3 dimentional numerical simulations taking
account of spray combustion, soot formation,
the extended-Zeldovich thermal-NO formation
and radiation. For example, it has been esti-
mated that, with no or a little secondary air, the
NOx emission index dose not increase in pro-
portion to the fuel/air ratio, because both the
gas temperature and residence time decrease
due to the radiative heat loss caused by soot
formation and reduction of a recirculation
region in the combustion chamber.
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Abstract

Calculations of transitional flat plate bound-
ary layer without pressure gradient have been
carried out by various well known versions of
low Reynolds number k—e& model and after
examining apparenf problens associated with
the modeling of low Reynolds functions used in
these models, an improved version of k—e&
model is proposed by defining the damping
factor fx as a function of some quantity (turbu-
lence Reynolds number Rt) which is only a
rather general indicator of the degree of turbu-
lent activity at any x or y location in the flow
rather than a specific function of location itself,
and also by taking into account the wall limit-
ing behavior and the free-stream asymptotic
behavior. Finally, the present model along with

- the other considered models are used to predict

the experimental flat plate transitional bound-
ary layer data for 3% and 69 free-stream
turbulence intensity and the present model re-
produced the experimental effect of free
-stream turbulence on transition the best.
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2. BEMRAHRSY—E>
£1 191FARMEESHR VLS (kW)
K 4% Size |/NBY  Small Unit | %) Medium Unit | A%  Large Unit] 2 & J7
- 0~999PS 1,000~29,599PS |  30,000PS~ Total
A % |o-v|EB%| @ o |B%| m o A% moH A% E B
Application Code | Units | Output(kW) | Units | Output(kW) | Units [Output(k W) | Units | Output(kW)
~R—Z 00— FREM
Generator Driver for Base Load BL 1 699 53 198,318 19 [1,996,780| 73 2,195,797
¥—2u—FRER
Generator Driver for Peak Load PL 0 0 4 10,360 2 202,_800 6 213,160
K AREH '
Generator Driver for Emergency EM 221 | 91,795 | 109 | 205,329 0 01 330 297,124
LA B H \
Military Marine . MM 0 0 4 51,014 0 0 4 51,014
FOMHm T XA
Miscellaneous Chemical Process PR 0 0 0 0 0 0 0 0
# ® A ED | o 0| 1] 12,754 | 0 o 1| 12,754
Education
x & A XP | 0 ol o 0ol o o| o 0
Experiment .
0 MC | 1 41 | 1| 1,15 0 o 2| 1,58
Miscellaneous
N =
= Total &t 223 | 92,935 | 172 | 478,920 | 21 12,199,580| 416 |2,771,435

& 4

1991 EAZRIEHEES (%)
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K2 N1OIFRRBIEESRRUES (kW)

X 4 Size |/NBJ  Small Unit | B398  Medium Uit | A% Large Unit| 2 H 7
0~999PS | 1,000~29,999PS | 30,000PS~ Total

m o E M a—r || B o f |R%| B H A% B H |REK| B A

Kind of Fuel . Code | Units | Output(kW) | Units | Output(k W) | Units [ Output(k W) | Units | Output(kW)
FKRH A :
Natural Gas GNG 1 699 9 12,643 10 {1,283,580| 20 (1,296,922
WALRKRA A
Liquefied Natural Gas LNG 0 0 1 1,145 7 573,200 8 574,’345
A A

" Town Gas GTW 0 0 25 77,146 0 0} 25 77,146

2 | F5v bt TN ~

#& | Plant Off Gas GOG 0 0 41 64,700 | 0 0| 4| 64,700

| mieamEy A ‘

(I;?asel(m Liquefied Petroleum Gas LPG 0 0 0 0 1 40,000 1 40,000

ue o s
ZHAYHA GPR | 0 0| 1| 1145 | 0 ol 1| 1145
ropane Gas
Q\Ef 1 699 40 | 156,780 | 18 11,896,780 59 12,054,258
ub Total ;
ir i T 37 12,846 17 42,419 1 49,100] 55 104,364
erosene R

BB K | 20| 974 | 14| 76,713 | 2| 253,700 45| 340,176

£ as Oil B

® | EH1E : : .

£l | Heavy Oil No. 1 H1 156 | 69,627 | 101 | 203,009 0 0t 257 272,636

Liquid [—— :

Fuel ’SJ“# ] 222| 92,236 | 132 | 322,140 | 3 | 302,800| 357 | 717,176
ub Total

B &R .

Solid Fuel 0 0 0y 0} 0 ol o 0

P EIN

;%td & 2231 92,935 | 172 | 478,920 | 21 2,199,580 416 |2,771,435

Gaseous. Fuel

e R
Liquid Fuel
85.8

GOG23

LPG14
GPRO0.04
M6 191FEMERIEHEE (%) B7 1991FERERIEEE (%)

—89 —
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£33 191FEHBIMAEERVUES (kW)
X 4} Size |/\BY Small Unit | BiEY  Medium Unit | AZ) Large Unit| 2 H 7
0~999PS | 1,000~29,999PS | 30,000PS~ Total
b yall B K B8 K h % O H Bl B OH
Location Units | Output(kW) | Units | Output(kW) | Units | Qutput(kW) | Units | Output(kW)
it ¥ B 71 248 | 3| 6.767| 0 0| 10 9,253
Hokkaido
R4t 19| 8,771 | 8| 11,165 0 0ol 27| 19,93
Tohoku
}5{5 R 84| 36,011 | 64| 149,527 | 1| 40,000| 149 | 225,538
antoh
R 39| 15,494 | 22| 50,648 | 1 | 49,100 62| 115,242
@ Chuubu ) )

w |E® 31| 13,071 | 31| 77.696 | 0 o| 62| 90,767
m |F E 19| 8,08 | 5| 22,271 | 3| 240,000| 27| 270,356
Chuugoku ’

| M =
. 4| 151 | 7| 29039 o0 ol 11| 30,19
Use | 5, M
7 0] 3217 | 9l 23,218 o ol 19| 26,495
yuushuu
oA 2 56 | 0 ol o ol 2 456
Okinawa .
RERER 0 o | 4| s1,014] o ol 4| 51,014
Marine Propulsion )
i 0 o | 2| 218! o ol 2| 2,148
Marine Auxiliaries
7N Et
215 | 88,802 | 155 | 423,493 | 5 | 329,100| 375 | 841,395
Sub Total
it *
o 2 883 9| 41,947 | 6 | 856,000 17| 898,830
b B K .
South and Central America 1 699 0 0 0 0 1 699
L Zsiay 7 2 927 | 2| 5,29 | 3| 402,300 7| 408523
Bk g M 0 0 o o| 1| 25,2801 1| 25,280
Oceania
M
M 3| 1625 | 6| 8184 | 2| 253.700] 11| 263,509
5 Europe ;
For | v =
Export | USSR 0 0] o 0l o o] o 0
o
Middle East 0 0 0 0 O_ 0 0 0
7TV H
[66 0 ol o 0] o 0| o 0
®OE 0 0| o 0| 4 333200 4/ 333200
Unknown
A& 8| 4,134 | 17| 55,427 | 16 |1,870,480| 41 |1,930,041
Sub Total
G} o 223 | 92,936 | 172 | 478,920 | 21 |2.199 580/ 416 |2.771.436
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#4 IOVEREBIBHA L E L RR U (KW)
& ‘ 7 Size \NEL Smal Unie BB Medium Unit | K%Y Large Unit| £ H 5
0~999PS  |1,000~29,999PS | 30,000PS~ |  Total
R B RS I-FIE8| B oH e £ _
Driven Machinery Code | Units | Output(k W) | Units OutEaut(zJW) l?ni Outtt?:ut(zjw) U{sm% ou%iuuzjm
7 2 B : ‘
Electric Generator G 222 | 92,494 | 166 412,504 | 21 |2, 199,5801 409 2.764 577
20 ) it ; _
Driven Meter DM 0 0 1 12,754 0 0 11 12,754
A K v 7
Water Pump w 1 441 1 2,648 0 0 2 3,089
| a yal
Shaft Power SP 0 0 4 51,014 0 0 4 51,014
IR 223 | 92,935 | 172 | 478,920 | 21 |2,199,580] 416 |2,771 435
‘ W 0.48% DMO0.46%
SP096% DM0.24% SP184% WOo.11%

G 97.59%

G 98.32%

B18 1991FEMEERBAISHEE (%) B9 1991FEMEREMEMBILL IRE (%)

RS 19IFEHNRSFIEESERUHH (kW)

H o1 B & (PS) B oA

Unit Qutput Units | Output (kW)

0~ 199 2 247

ZN 200~ 499 82 18,730

Small Unit 500~ 999 139 73,958
0~999PS

/N 3 Sub Total 223 92,935

1,000~ 5,999 158 319,394

v A 6,000~13,999 5 31,058

Medium Unit 14,000~21,999 7 94,168

1,000~ 22,000~29,999 2 34,300
29,999PS

/s EF Sub Total 172 478,920

* ™ 30,000~59,999 2 65,280

Large Unit 60,000~ 19 | 2,134,300

30,000PS~ /N 2+ Sub Total 21 | 2,199,300

& 3t Total 416 | 2,771,435

—91 —
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£6 19FERBATRAY—EVARNEESHRTHEN kW)
- K 4> Size| s/NEJ  Small Unit | FAR)  Medium Unit | AR  Large Unit LA Tow
FCE  Generator Drive 0~999PS | 1,000~29,999PS | ~ 30,000PS~
iz b7 a-F |B8% | B N (BB H N | B8 B N B B A
Application Code Units | Output (kW) Units | Output (kW) Units | Output (kW) Units | Output (kW)
| ~—Au—FREA | BL 0 0 0 0| 3 | 240,000 3| 240,000
% ¥—so— FHEM | PL 0 0| o 0ol o of 0 0
Bl#%¥BRE 8| EM 0 0 0 0| o0 o 0 0
Pomeste/puntie e 5 swTom| O 0ol o 0| 3| 240,000 3| 240,000
E | ~—Au—FRER | BL 0 0 | 42| 154,920 2 | 89,100| 44 | 244,021
;% ¥—so— FHER | PL 0 0| 4/ 10,360 | 0 0| 4| 10,360
Mk % A% ® M| EM | 214 | 88,360 | 101 | 189,648 | 0 0| 315 | 278,008
Pomentelivate Bee S swTow | 214 | 88,360 | 147 | 354,920 | 2 | 389,100| 363 | 532,389
EINAE  Domestic Use Total 214 | 88,360 | 147 | 354,929 | 5 | 329,100| 366 | 772,389
¥ | N—AOD—FREM | BL 0 0 o 0 | 13 |1,642,400 13 |1,642,400
g ¥—7o—FHEM | PL 0 0| o 0| 2 | 202,800, 2| 202,800
% k% BAREHA| EM 0 0o o 0] o ol o 0
e e 8 swrow| 0 0| 0 0| 15 |1,845,200| 15 |1,845,200
& | ~—Ru—K%EA | BL 1 699 | 11| 43,39 | 1 25,280 13 | 69,375
téj E—s7u—FREF | PL 0 0 0 0| o0 0| 0 0
%;!S % ARER| EM 71 3435 | 5| 10,885 | 0 0| 12| 14,320
e O % swrom| 8| 4134 | 16| 54,281 | 1 | 25280 13 | 83,695
Bl &FET  For Export Total 8 4,134 16 | 54,281 | 16 |1,870,480| 40 |1,928,895
g | SAU-FREA | BL 0 ol o 0| 16 |1,882,400] 16 |1,882,400]
% | v—su—FEERA | PL 0 ol o 0| 2| 202,80 2| 202,800
Flewmemm| M | o 0| o 0] o o| o 0|
e 2t o | 0 ol o 0| 18 [2,085,200 18 |2,085,200
o | "-AU-FRER | BL 1 699 | 53 | 198,317 | 3 | 114,380 57 | 313,39
K| E—7u—FHEA | PL 0 0| 41 1030 o0 0 4| 10,360
Bl wmamm| EM | 221 | 91,795 | 106 | 200,533 | 0 0| 327 | 292,328
el 4 5t o | 222 | 92,494 | 163 | 409,210 | 3 | 114,380| 388 | 616,084
# 3t CranaTow 222 | 92,494 | 163 | 409,210 | 21 |2,199,580| 406 |2,701,284

Note : Code Explanation

BL : For Base Load

PL : For Peak Load
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3. MEAARY—E> RT 19EF—KVzy b /F—RT 7V ZYIY
EEEBRVCAS A+ (kgf)
EESH % AT R hEE*
No. of Units 100 Thrust (: o) 347,270

*1 V25007 7 v 28 (668) S ELV,
Excluding 66 Units of V2500 Fan

Modules
*2 BELBEBRARSZ b

Maximum Thrust at Sea Level
Static Condition

F£8 1NIESF—Ry» 7 b/ =R uy Sl I
EESBRUES (PS)

5 0 ~999PS 1,000~PS £ d 7
Size Total Qutput
)| w A% B e & oA B% H AT
Application Units| Output (PS) | Units| OQutput (PS) Units | Output (PS)
ElE R
Fixed Wing Aircraft 0 0 41 181,425 41 181,425
NIATIR | 0 94| 182,809 | 94| 182,809
elicopter
MEOMBIRE | 43 | 5870 0 0 | 48 2,870
ux.Drive Units
& T & 48 2,870 135 364,234 183 367,104
. otal

* 3 HEEEAEEAEN
Normal Output at Sea Level Static Condition

3 i 1450000
4. lﬂﬁﬁﬁ ¢ Ap;ri?to. )

- %6
] 11074 1245
~
. Za N 10,000F 1
£9  19UERIGHEES R UERK ; AR,
E f} Size ) g A~ T s shows vnum r of
——— L om | omwom £ 2 e o™
Class %ﬁgfmgm)f No. of Units No. of Model E’}g
Compressor Impeller . ~
T
Hﬁ ADDrox. IDOO-— A
Class 1 0 100 1,450,000 55 s
- i 393
Class 2 101~ 200 11,074 26 nﬂ )
Class 3 201~ - 300 977 12 S& - 183
-]
Class 4 | 301~ 400 393 9 5" I 3
100: 3_‘3 89
Class 5| 401~ 500 83 5 s
Class 6 | 501~ 600 147 8 I ]
Class 7| 601~ 700 183 5 ;é’ﬁ nw
Class 8| 701~ 800 0 0 ar 12
S® 10F 9
Class 9| 801~ 900 89 6 = & 3
Class 10|  901~1,000 0 0 . :
=1 B Total 12,946*° 126*
BORHRHEAL I 12
No. of Companies which supplied Data ) 1 |
*4 BRROTFhIHEII-ErATH 3, _ 0 0
Every model is an exhaust turbine type supercharger. 0~100 ~200 ~300 ~400~500~600 ~700 ~800 ~800~1000 I%b zjf
*5 EHREEENEIOMm 2BTSHERT, E & 8 X & 4 & (m)
This shows total number of superchargers over 100mm in Outside Diameter of Compressor Impeller

impeller diameter.

D10 1991 @GR A E B B UK
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