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Design of SHL7-1.0/95/70-P boiler

Abstract

Boilers as an energy conversion equipment, in industrial production has
been widely used. It does this by coal, oil or natural gas combustion release of
chemical energy, and heat the heat transfer through the water, the water heating
(or into steam), hot water direct supply to the industrial production and civil life,
heating, so the main boiler mandate: to fuel the chemical energy into heat energy
the most effective.

The graduation project topic is shl7.0-1.0/95/70-all, belonging to the
natural circulation water tube boiler. Boiler design in line with the safety and
reliability of the primary design features of the guidelines. Considering
combustion, heat transfer, gas and air as well as dynamic properties of working
fluids and wear and corrosion. In the boiler design process, the main
consideration is to ensure that the furnace fire, furnace heat radiation sufficient
coal burnout degree and a reasonable speed and exhaust gas temperature. At the
same time, make sure there is a certain degree of air tightness to ensure negative
pressure within the combustion chamber.

Throughout the design process as a technical support for the
thermodynamic calculation, calculation of strength and wind resistance
calculation smoke. Thermal calculation which includes the furnace, burn room,
boiler tubes, the provincial gas. For small boilers, compact structure, most of
the heating surface are arranged in the furnace. According to the structure,
boilers burn room layout export to the role of fly ash and dust; Due to the low
pressure, prone to corrosion and acid gas side of the pot of oxygen erosion, so
cast iron economizer, reducing the exhaust gas temperature requirements.

Use of CAD, to complete the total Figure boiler, furnace wall chart, the
S
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drum expansion plan, body plan.
Keywords thermodynamic calculation; strength calculation; smoke wind

resistance calculation
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6 | [MAEARTEEBRBERR | g % [1]1% 3-1 8
7 KRR E RIS g % [11% 3-1 1.0

I —a I°)x
g HEAER % e | i, -a, ”‘)ar

(100-¢,)/ 0 10.6
9 EEEPN gs % [1]% 3-6 1.7
10 _Ej)zﬁj\ﬁm drh - [1]2% 3*6 0.20
11 IR c 0w | KJ/kg ¥ FRHL (600°C) 554
12| mEmEAERE | g | % (cO),.a,." 105, 0.814
13 P ANSEATAPN Xq % q, tq;*tq,%qs tq 21.574
14 e 0 % 100-% ¢ 78.43
15 2 /KIR tes C 9 70.00
16 KA i | KJ/kg B ARMF KM R 293.89
17 HEv5 % Do % 9 0.00
18 ORI i | KJ/kg K ZER M R R 398.79
19 Bl e 0] KW “hE 7000.00
20 BRI R B kg /s £21/Q2197) 0.5
21 THEBRBIE B; kg/s B(]OO —-q, )/]00 0.4997
29 O tu T HY e 10.27
23 ISR P | KJ/kg g 1-3 1.30
24 RARH o | — |1=q/0+q,1140,10)| 40

-12 -
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3.2 HEoHANIHHE

3.2.1 JPREHHE

3.2.1.1 PR RGE
Pk AR F AR A gr=800KW/m’
SHET R R=BQ"4/gr =0.47x17963.4/800=10.6m’
U HES B L=5m
WESE S=R/L=10.6/5=2.12m

—

f

I _‘

Bk A
a. BB HAR Fy
WM : F,=2.5%2.1=5.25 m’
TSN KGR . Fo=2.5%(1.151+1.018)=4.94 m’
BB AN Fle=2.5x0.4=1 0’
TSR F= FytFot+Fq.=11.67 00
b.JaBE AR Fy
-13 -
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JCAF I Fini=2.1x2.850=5.985 m’
P8 i K EETHAR . Firp=2.5%1.809=4.523
Ei%ﬁ%ﬂ Fh3:2.5><0.4:1 m’
JahE B FyeFutFaptFas=13.168 00
c. e MIBE R Fpe
A
ZEABE SR Fe=13.619 m’
d. LS A Fe
AEETH R Fyo= F,=13.619 o’
e. AHTHIAR Fy
TR« F=2.5x2.319=5.758 m’
£ O E A Fo
WIOE A Fy=2.1x1.35=2.835 m’
g WA R=10.6 m’
JAFHR: F=F+FytF ot Fyct FatFortR=69.7037 007
2. WEABIIE M
SRR RN Vi=2.5%F,=2.5%13.619=87.02m"
3. AR SZ AT
a. B BSHE I 2 i AR H,
W s/d=125/51=2.45,e/d=0.5,x=0.735
H,1=xFy=0.735x5.25=4.466 0"
M kA% s Hyp=0.15%F»=0.15x5.4225=0.8134 n"
RS SR S 52 AR . Hy= Hy +Hgp=5.2790 m°
b. Ja BEAR S S A AR Hy
WA s/d=125/51=2.45,e/d=0.5,x=0.735
Hi=XF,1=0.735%5.985=4.399 n’
it K& s Hyp=0.15%Fy,=0.15x4.523=0.678 m’
Ja b SRS Z PR H=Hp+Hp=4.2137 0°
c. ZEAMIBEAR SR 52 A Hye
JEMBE G s/d=110/51=2.16,e/d=0.5,x=0.79
Hyo1=xF.1=0.79%(2.5+4.243)x2.25%0.5=5.993 m’
B SRR Hzeo=0.3F7¢2=0.3%13.619-6.743) =2.0628 n’
JeARE SR S 52 AR Hze=Hzc1+Hzc,=8.0558 m*
d. A (B4 5 52 AATHAR Hye
A M BEHR SN 2 AR AR . Hye=H,=8.0558 m’
e. TUHIAR S 52 R Hy
s/d=125/51=2.45,e/d=0.5,x=0.735

14 -



I R TR 5 2 1

Hg=xF4;=0.735x5.759 =4.233 "
£ H 1 R S 52 AT AR Hs
WIS x=0.52
W B RSS2 R . H,=0.52%2.8=1.474 v
VAR 52 R Hy
H=H+Hy+H,+Hy+HytHy=31.311 m°
4. WEEREES
S=3.6xV/F=1.76m
5. JRKETE x
x=H{ (F-R) =0.53
6. KIKRE W HEHFLL p
p=R/ (F1-R) =0.179
3.2.1.2 PR fERGHE

R 35 WA

Ihg e PR I S /S ok |,

v 4 g | w | TR R
J 2N

1 P o) kl/kg I 3-4 17693.4
2 e B iy 1 I° kJ/kg & 3-4 127.34

JrT B =Ny —3

3 IFHﬁLhmgalm%é a” B i 51 145
4 3 s R 2 A a — H# 3-1 0.1

5 PSR hik C SelB e TR 120

6 I Le | klkg V(ct), 763.83
T EARWANGE O | kikg (@ -na)I’ +pall | 1043.93

—{100-g, —qg, — /
8 N GE S o) kl/kg 0, - 4> ~4: = 40) 18388.41
(1 00— ‘]4)

9 PR IR v° C & 334 a,” =1.4 &4 | 1552.14
10| YR SRR | v C {5 1000
11| il RS L kJ/kg e 3-3 FAHL 12516.68
12 SPEIE R Ve | klkgC (Ql -1 ) /[19(’ - 191"] 10.526
13| KESEFU A 120 — % 3-2 0.0717
4| ZRFEBRERBE] — % 3-2 0.191
15 RIRIKRE U kg/kg i 3-2 0.0066

- 15-
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(0.78+1.6, , /(10 pr: s )
SRR I RS "
16 X ko | l/m-Mpa [1 - 0.37(191 + 273]/1000 1.613
7] 2/3
17| RSB AL | o | UnMpa | 76004, /(8 +273) | 04
18 L ¢ | /mMpa [1]% 5-7 0.15
19 | JHAER SRS R k 1/m-Mpa K, +K, +c 2.22
20 KIGHEE an - 0.308
21| JKVARER T ay 0.8
23 R B; kg/s % 3-4 0.46
24 AR @ — % 3-4 0.9802
25|  WORKSHEW | B @BV, 1oH, 9 +273) | 047
26 |  EAMEKIZHMA e | m-C/KkW W5 2.6
AR o | Wike q{Ql -1 ) 5763.98
28| ARSTHEE g | kW/m’ BQ,/H, 85.92
29 & & B RER T K t,, +273 355.5
30 AHH m — g, (qu +T, )4 /q, 0.07
31 TR T e B,(1/a+m) 0.9488
32 L k — [1]% 54 0.6711
33 E3 10 P — (11 5-4 0.2144
34| TR o," — kB,(1/a+m) 0.6635
35 | gL EAEE | v C T,0,"—273 950.99
36| FMEWLOMETE | h | kikg Hede 13 #IR 10645.87
37| WERARIGE Oy kJ/kg d(Q1—1") 7589.29
38 LRI RE TS qr kJ/kg Bj Of / Hf 110.50
B b AR R AR 22 0.99°C, /N5 £100°C, RIS T B

N

- 16 -
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322 MREIHE

200

3221 RREEWHHE

1 SRR A
a. A A Fy
JAFTHR: Fou=1x2.1=2.1 m’
AN : Fp=1.35%2.1=2.835 "
RS ST Fy=Fy+F=4.935 m’
b.JEHHIAN F,
4 i i KA <
Fn1=3.65x2.55=9.308 m’
HIOE: Fp=2.1x0.9=1.89 m’
JalE RN Fi= Fu+Fp=7.81 00
cZEMBE T AR Fpe
MBS A F,e=0.5% (2.35+3.225) x1=2.79 o’
d. AT s AR Fy
FBSHIAR: Fy= Fe=2.79 m°
e JUMIGE HIAR Fy
TAMDGE AL Fe=2.1x1.02=2.143 m’
-17 -
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fIEHA: Fg=1.15x2.5=2.875 0"
PRI S P AN Fy=F - Fyt F oyt Fyct FtF=23.34 m°
2 BRI V=3.65%F,=3.65%1.91=6.975 m’
3 R A S T
a. T B 52 AT AR H,
WA s/d=125/51=2.45,e/d=0.5x=0.735
Hy=0.735x2.1=1.544 m’
)\DT’;‘T: x=0.48
H=0.48%F,»=0.48x2.835=1.3608 m’
U BS AR S 57 0 A He=Ha+He=1.544+1.3608=2.904m’
b. o B 52 A AR H,
Mif k2 : Hu=0.15xFu=0.15x5.9125=0.887 m
ICHDDI’;“T: x=1
Ho=1xFn=1.89 m’
Ji B 5] 5% A R Hv=Hu+He=0.887+1.89=2.777 m’
. 7 M AR5 52 AT R e
JAF: 950/ (4-1) =317, s/d=317/51=6.2,e/d=0.5,x=0.36
H,.=0.36xF..=0.36x2.875=1.035 m’
d. A 58208 A 52 IR AR He
A B AE A Sz AR . He=H.=1.035 o’
e THUMI A S 52 FA T AR
s/d=125/51=2.45,e/d=0.5,x=0.735
Hy=xF4;=0.735x2.1=1.5435 m’
PRI 2 35 5 52 I AR H
H=H+H+H.+ H=7.75110
AR Z R RES
$=3.6%V:/F,=3.6%6.696/22.58=1.07m
IR KA EX
X=Hy/F~7.751/23.3355=0.332

3.2. 2. 2 MREALMUH
2. MR EALPIHH IR 3-6

# 3-6 MRS

U em | ws | ome | A R ok H

J

1 N up bz 0, C H# 3-5 Ht 950.99
2 N C1HE S 7. | KJ/kg i 3-5 Bt 10645.87
3 R A EL A a,; — & 3-1 X 0.05

- 18-



I R TR 5 2 1

4 | BRHBTEEME | 1| KJ/keg i 3-4 HL 127.34
5 Y 0”,; C & 850
6 RS I’ | KJ/kg & I-3 &4 (a”=1.4) 9715.01
1 n 1/2
7 WHARFEIRE T K [(80. +273)(HU. +273)] 1172.3
s | wwmadit | on |xiked (1 -15+aard)les-ar) | 929
9 | KESBEBRMGH| 1o — % 3-2 B 0.0705
SRR
10 ey I — A% 3-2 B 0.1881
11 KRR uen | kg/kg % 3-2 B 0.0065
0.78 +1.6r,, , J/\10pr s)*
Ly | R ! o) 1007, |
et K | 1/mMPa " 2.06
IR [1 - 0.37(191 + 273]/1000}4
KIRERS IS £
13 i | K | 1/mipa 76004, /T, 0.444
WA= ts A ”l),‘:l/\
14 “%i;fm“? K | 1/nMPa K,+K, 251
15 RS S a, — 1—e 0. 24
16 | KAHERHET | a, — 0.8
17| BRREKAE x 45 ki A 0. 398
18| mRERgEE| o, | — 1{i/a+x(1-a,)/a,) 0. 396
19| sk — | wyon,le,+273F) | 556
20 EX 4 m — 0.15
1/2
o T I B BV a, +mf[1+4/ B A1/ a, +m)} oo
22| PR 0" C o9, +273)-273 877. 413
23 NP Gipes 7% | KJ/kg % 3-3 158 10057. 89
24| WUREWME | @ | KI/ke plr, -1, +ba, 1) 582. 58

BRI R A2 13, 67°C, /NT 100°C, AL EFrit4

-19-
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323 MPER

4500

3.2.3.1 GiifetEit R
1. SitretEit &
i) ni=14 R S1/d=100/51=1.96
g n=16 R S/d=125/51=2.45
(D BFIKE:
L= (5+4.6+4.4+4.24+3.95+3.84+3.65) x2=59.2m
(2) SZHIRH
H=ndIn:=3.14x0.051x59.2x16=151.68 m’
(3) JHIE K [ AR F
Fi=0.9x2-16x0.051x0.9=1.0656 m’
Fr=0.6x2-7%3.14x0.051:x16/4=0.971 "
F=F=0971 m
F=1.1x2-16x0.051x1.1=1.3024 m’
F5=1.15x2-16%0.051x1.15=1.361 m’
-20 -
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F=0.85%2-16x0.051x0.85=1.0064 m’

F=2F/6=1.113 0¥
(4) RN IZIRIES

RS $=0.9d(45152/1d2-1)=0.2351m
3.2.3.2 BWIPERAERTER 3-7
37 WP ARG

" 45 ws |k W AR | el
J
1 N\ EI R 0 o . C % 3-6 L 877.41
2 N VRS I . | kilkg % 3-6 L 10057.89
3 TR Nag, | — i 3-1 1 0.1
4 RSN I’ kj/kg H % 3-4 Ht 127.34
5 TR ton . C t=(70+95)2 82.5
6 1R 0" e . C B E 350
7 L TS 1" KJ/kg % 13 7515 3988.1
8| geicsE | o, | ke | @l - 10 +8a, 1)) 596209
9 EPNIES A o C O~ 794.913
10 H/NRZE Aty . C Go ~ 1y, 267.5
1 SRR R A C (A1, =Bt 484.26
RSN YA t o .
" fin(Dt, 1,
12 JHAHEH Vy | Nm3/kg H# 3-2 A5 7.86
13 | WCFHRuEaRmR | Fy m 1 85 Mr S 1.113
14 JH AP Opj . C At+tbh 566.76
15 S w, /s | BV, 6, +273)/273F,) 1008
16 IK S BZTR R 20 — R 3-2 HX 0.0673
17| ZRFEEERGE | ry — % 32 it 0.1795
18 POtk LT o4 KW/ é;n ° [1]K] 6-6a, 6-8a %F 61x107
19 LRIk m kg /kg H# 3-2 X 0.00643
_ - 0.78 +1.6r,, , )/\10pr s
SR AR RS R l( Hﬂ) ( ’
20 x Ky | UmiPa |1 037(g +273)/1000 5232
ﬁ p)
20| KIERSRIIRE | K | Umia | (7600u, /T, 7 | 0546
22| MRIEEETRTS B ¥ K 1/mMPa K, +K, 5.778
23 T ay — - 0.128
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24 ERERE t . C T,, +60 142.5
25| AREHURRM a | KW/m. C (115 6-12 o2
26 MABERE w — [1]1# 0.55
27 TR K | Kw/m. C wla, +a,) 361-3_§X
28 fethim Oc: | KJ/kg KAtH /B, 5957.87
29 HAF 40 % (0,-0.)0,x100 | 007
| AQ | =0.07%<2%, % 1Ak
3.2.4 HHEBIHE
3.2.4.1 BB BRI E
AR EHRE
1. B2 LATR P T 5 5R 3-8
3-8 BRI LRV
5 ER | AL T ARk A
1 AR EK L mm [1]% 3-3 1500
2 N Dn | mn [1]3 3-3 60
3 TR 2 ARTAR H, m’ [1]3 3-3 2.18
4 | GRERSAERTER F m* [1]# 3-3 0.088
5 AR Z, 8
6 N K= Z 4
7 SR Hyy | W H\ZZ, 69.76
8 JE AL T AR F m ZF, 0.704
9 TR AR f| m D’/ 4 0.002827

22
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3.2. 4. 2 BB E

el e = O e = o e g e e B2

i il il il Y i * nF

- il il il Y i * AN

A -6 *+ | - | o |

2. A IEARAE PG E LR 3-9
39 AR
5 EA s A AR ks il

1 YN R3] 0 . C 1 3-7 X 350
2 PP iip%; lw KJ/kg B 3-3 7715 3988.1
3 L TR 0" C e 245
4 i mpipey I KJ/kg & 3-3 i 2994.67
5 PRI Aa. f# 3-1 L 0.15
6 B s ¥ o I KJ/kg R 3-4 Ht 127.34
7| mAmEHE | 0. | Ki/ke wlr, -1, +0a,10) | 99098
8 TR i KJ/kg & 1-4 B 294
9 e % P % e 5
10 | AR By Kg/s H# 3-4 L 0.45587
11| PEMKE G Kg/s % 3-4 i 68.89
12| RIS | i | KJ/ke i'+B0 /(D+Dp, )| 30113
13| TR RE | " C H#& 3-3 18 71.83
4| TJRADEE | ¢ C % 70
15 | TRCPHIRE | 6 C (" +2)/2 70.915
16 | WAERE | O C (@, +6 )2 297.5
17 R KIR2% Aty C g, -t 278.17

_23.
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18 /NI 2 At C =t 175
19 R At C (B~ 222.61
At)/In(At, / Dt,)
20 TS Vs Nm'/ kg 7 3-2 HX 8.4648
21 S W M/s BV, (0 ,+273)/ (273F,) 11.36
22 T K |KW/(m C) 0.8K,C, 22.2x107
23 | TRWHE | O« KJ/kg KAtH | B, 988.25
2| MiRE | 40| & (0,-0.)0,x100] 019
25 | TJHPHELEE v m'/kg (1B 5 0.0010229
26 | TpUEARm | f m’ % 1-8 L 0.002826
27 T w m/s Dv(1+p ) /f 1.67
325 TS MAFITE
3.2.5. 1 EEWABLEWITE
1. AN LT
HMFE: d=40 mm
JEREE: 5=1.5mm
B ) EE . s;=60mm
IR s,=40mm
HYKIE: L=3.0m
R 5 m=22
INIETE: np=22
ZRHR: H=nnyJ1d,;L=166.37
2RI f~L/2(a-dn)=0.546 m’
SR AR F=JInn,d,>/4=0.608 m’
R A B si/d=1.5
AR AR B : s0/d=1.0
3.2.5. 2 B WABRAERGNHE
2. TAPINERAL I H LK 3-10
* 3-10 BRGSO
5 Eq S s YY) R TN BV
1 N P 0 & C H % 3-9 HY 245

_24 -



I R TR 5 2 1

2 N FURRSS I'w | KJ/kg 1% 3-3 7HL 2994.67
3 R EREL Aay & 3-1 HX 0.1

4 L AR 0" C 5§74 170
5 HEympiiipas I'w | KJ/kg % 3-3 L 2170.12
6 HofE B a"-Da, +D0a,, /2 1.35
7| mERWOE | Fa | Ki/ke ((ZZ: 23@2; To =1Ll 758.71

ky
8 | MU R tu C H# 3-3 L 119.21
9 | MM | Ov | Ki/ke wlr, -1 +8a,18) | 81953
10 | EAFHIRE | O C (6+6)2 207.5
| mEE | om | ws BY,\6,+273)/273F, | 109
12 | KESBEBDB o H# 3-2 X 0.0583
13 :EZ@?ME ra % 3-2 B 0.1556
14 ’%%gm@?‘ a, | KW/mC CC.a, 0.038
15 | Z5FHRE | 6 C (t,+t,)/2 69.61
16| ASEE | W | Ws By°le, +273)/273f | 5.9
17 | FRMEARE] a: | KW/m™ C C.C C.a, 0.058
18 | IHMARH v [1]% 6-7 0.76
19 | fEHREH K | KW/mC waa,l(a, +a,) 0.0174
20 R % Aty C g, —t, 150
21 /MR 2 At, C G, —t, 125.79
22 | WHCPEHRE | An C (At,—At ) /In(Dt,/Dt) | 137.54
93 L P 6, -4.)16, - 1) 0.59
24 Z=H R ( ty— ) (6? A ) 1.32
24 | WERBIERE v (1114 6-19 0.96
25 RRSMENE At C ¢, 132.04
26 et Owx | KJ/kg KAtH /B, 823.61
o7 | AIXREZ | 40 % (0,-0.)/0,%100 | 049
RIS T EK, AN
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3.3 BAHTHMRERE

P FRITH AR R IR 3-11
R 3-11 P H TR E K

Ae= ZHR 55| mApL A A ok Y5 HH
1| B ARFIHAE | 0| kJ/ke Q. 1/100 13876.93
2 K i I e Or | kJ/ke i 3-5 ArHYL 7499.73
3 N E L5y 0. | kJ/kg % 3-6 £THL 582.58
4 BRI A O | kJ/kg H 2 3-7 AAHL 5957.87
5 B2 Ow | kJ/kg % 3-9 #FHL 988.25
6 B SR A 20| kJ/k (@ Qv G Gy 15117.99
7 Y gt iR e 20| ki/ke |0 =Y 0x(100-g,)/100] 3162
8 AN R 2 % | AQ/Qr | X100% 0.054

3.4 RAHELERICER

AT R 312

2 3-12 AR FEN R

| m R mir| pm | s | w | |

1 Z AT m* 3131 | 7429 | 151.68 | 69.79 | 166.37
2 N FHEIR Q| T 950.84 | 877.41 350 262
3 H PR Q07| C | 950.84 | 877.41 350 245 170
4 | THRADWRE | ¢ C 70 70 70 70 20

5 | TR R | ¢ T 95 95 95 71.83 | 119.21
6 | WP | Wy | w/s 10.09 | 11.15 | 10.89
T TRCPBEE | W w/s 1.67 5.19
8 PR At| C 48426 | 222.61 | 132.04
9 | femEs K .5 |2553x | 174
10 fEHE O | kw | 7589.29 | 582.58 | 5957.87 | 988.25 | 823.61
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3.5 BE/NG

WIS R E, 98] TR AP AR, A S AR T T
2 L S S R NP AN o7 N L VO i TRt 9 I e g U
B, il TR . SEOL T IR RE, BDZBEE. RN, S EAAE
ARG AT, RO T R R

-7 -



I R TR 5 2 1

F4E BEHE

4.1 LREEREITE
411 HHEEHERE
4.1.1.1 FLEERE B R BT H
Q, 0)@ z/)@
“ & &
110 8 125
~— m
- =
A B C
4.1.1.2 HE T8
R A R BT LR 4-1
241 R AR T
75 b4 g | A T A KR Bl
1 N Dn mm W ERE 1200
2 i T R ) N mm B HE 22
3 e 7 Pe MP WA 1.0
4 | FaEEwYIOK | 4Pz MP 0
5 W R 7 APsz | MP EafE A 0 0
6 B TAERT Pg MP P +AP +AP, 1
T | wERIKAIFERT) | APa | MP 0.04P. 0.04
8 W) P P P, +AP, 1.04
9 PR % 20g
10 B ) VIR t C VEHR 102.5
11 FEARVFH N T [6]; | MP GB9222-88 125

_08 -
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12 BIERH 7 (B9222-88 0.95
13 VEHI N [6] | MP [a]j X1 118.75
14 AR fLER to mm d, +2,/(D,)+5)s" 398.20

END R t mm vtk 110

2 NCREYE t' mm 81 (Dn+S8)/360 110

AR i d | m et Hidh 52
NGRS v t-d/t 0.527

2 fERERRIS R EL | 2 v 2 -d)/t 1.06

A ) 5 R t mm ot HdE 125

Y\ 1i 1 1 mm 9n(D, +5)/360 120

B iR i | m R B 52
NCE BEES 1 v (t=d)/t 0.58

2 RIS R E | 2w 2 -d)/t 1.15

Y1 EE a mm Bl HE 10

A 1) 15 R b mm 97(D, +5)/360 120

O R R t" mm Jal+b? 123
R R n alb 12.3

PRI ER dp mm d +d, 52

R FLAR IR SS TR E v (t"-d )/ 0.58

R FLF T R E k /\/1 T 2
BRI R A vd kX' 1.16
15 /MRS R wmin 0.527
16 HR T RE ) S, mm PD. /.. [,7] - P) 11.73

17 B fin B ) C mm C,+C,+C, 1.0
18 /NP HIBE S Smin | mm S, +C 12.73

19 AR RE ) Sy mm S, -C 21
20 SEBRIRGS REL Ds PD, /(2[0-]—p)5y 0.2932

n*y s

22 RE B 1+2S,/D, 1.03

23 Je MR A PR 6s MPa 6B9222-88 225
24 | AVFRFEKIESERIE | Psw | MPa | 0450y (B -1)/ B> 1.704

jj S S

25 KSR R ) Ps MPa 1.25P 1.3

it d<[d]=222.69 B=1.03<1.2 S=22> Smin=12.73 i LASRE &

-29.-
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4.1.1.3 FLEOHPSEITE

ARONGREE h=[2.50,, 2.58,,,» [ (dtd,,) 5,1
3, =13, 3, =9, [ (dt9,,) 6,17 =4327 W h=225
TSR A = Dy =199x7.42 = 1476.58 mm’
PREE SRR A, = Zei® = 2x10*=200 mm”

A7 RN 5T Bl PN 42 7 52 1A S T e 1 TR

Ay =2h(J,,-09;) = 2%(22.5+14+17)x9.2 = 984.4 mm’

AT OIS P9 5 AR 52 A H P s A T A

Az =179%(3, -09) = 179%(14-7.42) = 1177.82 mm>

"= A+ Ayt A3=2362.22mm> > A
W LAN TG BLRA N R 5

4.1.2 CREAFLE KRBT

AT FLE SRR SR BT LR 4-2

42 B AT LB SRR Bt

] AR P55 | HAr VA AU gl
1 PR U 20g
2 W1z Dn | mm vt Eo 1200
3 BE )5 S | mm et Sl 22
4 VSR ) P | MP P, + AP, 104
5 VTR thj | C 250
6 SEAEHIN. 7 [6] | MP GB9222-88 125
7 (NSt n 1
8 YRS [6]| MP [a]jx,7 125
9 N KEHAR d | mm BT Bl 400
10 EEES it v 1-d/D, 0.68
11 ez PNAT hn | mm 0.25D, 300
12 TR FRH r 2+(D,/h)’]/6 !
3] mgitsRE St | mm PD, /(2y|s|- P) 7.39
14 B In e )5 C | mm C, +C,+0.1S 1.82
15 /N B JE Smin | mm S, +C 9.21
16 HY HH e )= S mm g > s 22
17 B SL PR h, >D, =0.25>0.2 3k

s,/ Dn =0.0062<0.1 gjjg{
ik
d/D, =0.286<0.6
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18 B AT R )F Sy | mm S-C 20.18
19 LRRRIS R vs PD, /2]~ P)s, 0.248
20 RE B 1+2S,/D, 1.036
21 A 6s | MPa GB9222-88 225
22 | feVFimKIRSEIRIE | Psw | MPa | 0456 4 (8% -1)/ 133
23 /kmg“gj%%jj Ps | MPa 1.25P 1.3

451%: hh/Dn=0.25>0.2 SL/Dn=0.00616<0.1 d/Dn=0.333<0.6 Psw=1.55> Ps=1.34 ff
LSS At o

42 THREBREITH

4.2.1 TEHHEEAH

TR L% 43
% 43 TR

hE] SR f5 | BAr VAR HE
1 WEANE DKNY| mm vt Edi 1000
2 R JE S mm B EE 16
3 RE R ) Pe | MPa ot HdE 1.0
4 WAL R T APsz | MPa Pan 0.049
5 e TAER Pg | MPa P +AP, 1.049
6 | ZeEBIKMIFERS| 4Pa | MPa 0.04P, 0.04
7 WHET P | MPa P +AP, 1.089
8 B %EH 20g
9 B TR fj C t, =1, +20 250
10 FEAVFHNS [6]j | MPa (B9222-88 125
11 BIERH n (B9222-88 0.95
12 VRN [6] | WPa [(;]j x 7 118.75
13 H R FLEE lo mm d,+2,/(D)+95)S 322.73
I NCIREEE t mm B EE 110
A5 1) YT BE d mm 871 (Dn+S8)/360 80
AR it v i B 52
NG EEES r mm (t—d)/t 0.527
2 keSS R | 2 2(1'=d)/t 0.7
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14 FRBHS9 R AL yn (B9222-88 1.0
15 AN ERES ymin 0.527
16 HR T RE ) S1 mm PD_ Iy, . [g] -P) 8.777
17 B o ) C mm C,+C,+C, 1
23 /N B ) Smin | mm S, +C 9.777
24 AR5k ) Sy mm S, -C 15
25 | SbRRIERH s PD, /(2[s]-P)S, 0307
26 RAARFFEER [d] mm 8'1|_Dn Sy (1 —y, )J1/3 176.78
27 EX B 1+2S,/D, 1.03
28 JeE IR AR PR 6s | MPa (B9222-88 225
29 | BAKIRSERRS | Psw | MPa 0.450.y (B> -1)/ B> 1.784
30 | SEBRAKESERIES) Ps | MPa 1.25P 1.36
45i6:  d<[d]=176.78 P=1.03<12  S=16>Smin=9.77 FLLRSEAH .

4.2.2 TREAFLE KRB T

MR ALE S R v WK 4-4

R 4-4 T fAAT FLB SR SR Bt R

5 SRR 5| A R VWSS S il
1 R BT 20g
2 Wz Dn mm vt Ho 1000
3 R JE S mm W5 16
4 WHIES P MPa P, +AP, 1.089
5 VAR tbj C t, =t,,+20 250
6 BV [6]i | MPa (B9222-88 125
7 B2 5 7 ke Sk 1.0
8 VEHIN. [6] | MPa [g]j x 7 125
9 NALJ K HAZ d mm W5 400
10 S EEES v 1-d/D, 0.6
11 BN E hn mm 0.25D, 250
12 AR R B r 2+(D,/h)?|/6 1
13 BRI R ) S1 mm PD, /(2!//[0] - P) 7.313
14 W7 C mm C,+0.18, 1.7313
15 I /N BE Smin mm S, +C 9.044
16 HY H A )5 S mm §> g . 16
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hn/Dn 250/1000=0. 25>0. 2
17 | #3JUaR~FR# | S1/Dn 7. 313/1000=0. 007313<0. 1
d/ Dn 400/1000=0. 4<0. 6
18 B AT RE )R Sy mm S-C 14.2687
19 £ B 1+2S,/D, 1.029
20 SHUNGTEES 4 ws PD, /(2[0] - P)S, 0.3066
21 | HAKESERES | Psw | MPa 0.450ss(B>-1) 13> 1.725
22 | SEBR/KERSER ) Ps MPa 1.25P 1.36
4 W h,/D, =0.25>0.2 SL/Dn=0.007313<0.1 d/Dn=0.4<0.6
Psw=1.725> Ps=1.36 FT LR E G4
43 HIRSEHEFILITE
HI G AL 5 WK 4-5
*® 4-5 M E R AL
75 S FR 5 | AT T KR M
1 LA HME Dw mm W5 219
2 B = S mm W 6
3 R ) Pe | MPa ot HdE 1.0
4 Wi Psz | MPa P 0.0687
5 BHE TAER T Pg | MPa P, +AP, 1.0687
6 | WREAFEES | APa| MPa 0.04P, 0.04
7 WEIET P MPa P, +AP, 1.1087
8 M EL #H 20g
9 A RENR 4 C t,=t,, +110 250
10 FEARVFHN T [6]i| MPa (B9222-88 125
11 B 1L R 3 i (B9222-88 0.9
12 YEHIN. ) [6] | MPa [(;]j x 7 111.45
13 2 NEIREEE t mm Bk HE 125
14 1Lz d mm Wk HdE 52
15 NG BEES | v (t—d)/t 0.584
16 AN EEEY Wmin S-C 0.584
17 B R ST | mm PD, /(2y|o]- P) 1.88
18 £ 4 (B9222-88 0.18
19 Bt i B ) C mm C, + A4S, 1.3384
20 N Smin | mm S, +C 3.2184
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21 Y H B ) S mm s > s 6
22 R BE )T Sy mm S-C 4.6616
23 SHUNEEES s PD, /(2[0—]_10)5y 0.235
24 ANV LERS [d] mm 8'1|_Dn Sy (1 —y, )J1/3 74.59
25 EX B 1+2S,/D, 1.043
26 e FRAR R bs MPa (GB9222-88 225
21 | fa¥rlemi/AKIRSER R 1| Psw | MPa 0.450sys(B2-1) 13 1.92
28 KR SER R ) Ps | MPa 1.25P 1.39

5 p=1.043<1.5  ys=0.235<0.4 S=6> Smin=3.2184 d<[d]=774.59 FrLA

SRPE A

44 EREFLImESITHR

S oL e v 5 W3 4-6
R 4-6 AL AL im s 5T

75 ks 5 FA U AW EAgIEl
1 LAH MR Dw mm W ERE 219
2 R & ) mm Bk 6
3 i k7 Pe MPa ot HdE 1.0
4 TR Psz MPa P 0.0687
5 M TAER T Pg MPa P +AP, 1.0687
6 | ZERBLIIFEET | APa MPa 0.04P, 0.04
7 WHES P MPa P, +AP, 1.1087
8 MR % 20g
9 LA RER f C t,=t,+110 250
10 FEARVFH N 7 [6]] MPa (B9222-88 125
11 B RH n (B9222-88 0.9
12 VEHIN (6] MPa [a]j x 7 111.45
13 e NEIRE)E t mm Bk HE 110
14 L1z d mm Bevh 52
15 NG ESERN 4 y (t—d)/t 0.527
16 S UNTEEES (4 Wmin 0.527
17 ST RE )2 S, mm PD, /(2[0] - P)S, 2.09
18 £ A (B9222-88 0.18
19 B i e ) C mm C+ 48, 1.376
20 /N HIBE)E Smin mm C, + A4S, 3.466
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21 HYH B J5 S mm s > s 6
22 R RE ) Sy mm S-C 4.624
23 SLERIRES R B ys pD, /(2[s]- P)S, 0.237
25 RE B 1+2S,/D, 1.042
26 Jeth R A2 B bs MPa (B9222-88 225
27 | AVFRFE/KIESERIE | Psw MPa 0.450sws(B2-1) /3> | 1.895
11
28 IS s 7 Ps MPa 1.25P 1.386

Yiif: p=1.042<1.5  ws=0.237<0.4 S=6> Smin=3.466 d<[d]=73.41 L)k
SREE A

4.5 R BHAMBENITH

2 W HORE v FLILER 4-7
R 47 LA WHTRRE VS

5 E 5 | BT THE A KW EglEl
1 RUE f ) e 0 MW Bl 7
2 RUE R ) pe MPa ot HdE 1.25
3 AR KFT R R P MPa 1.06P, 1.4
4 BENBI 1) 7K G h mm h,0.25d 308
5 i R H c i [9] e 70
6 LA AN N Bl 2
7 UMK dm m*  |35.3x10;0/(cp(i- i) 60

W h/d=1/4
8 BOERZ d mm R YE R HL 90

4.6 KE /G

MR R A, AR T S IE R, A et Gk
2T RAF AR, B RS ARLMrss R A A B R 52 T B r o
BEJE o [F) I 6 SR AR 1O BETH 58 A S o WU IV B . R T A I I
v, BRI S R IEORIE bR, RUERO I 1T I At
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E5F wmPBRENITE

5.1 B N &3 R BT E

1. WS B AR BP0l AU Dl g R i H 10 97 H BV R A 20-
30Pa, L LLHU) i BL 25 B Ahi=20Pa.
2. WU EEAE: Ahy=0Pa.
WU F P D U (B ED k) S'=Ah+Ah,;=25Pa.
3. Bl EIRBH A
X 5-1 M E RS

7 % FR 5| AT # b3 EAgIE]
1 WSS 25 Ve | Nm’/s PR 7.8635
2 | WARAMGLEER | F m HOHHE 1.113
3 YR Opi °C P 566.76
4 S35 wy | m/s WA 10.09
5 EHME d mm 51
6 B A i %)

7 A [ AR R ol — s, /d 2.45
8 G R AR TR 02 — s,/d 1.96
9 4[] /4 (s,/d)/(s,/d) 1.25
10 B Z 3 AN AR 28
11| BEErHEIRE | & — (1] 8-5 0.45
12| BEm e B R 5 4 (X2 12.6
13 Bk hd Pa 11K 8-9 73.27
14 A5 i) 39l BEL 7 Ahic | Pa h, 923.20
15 |55 R &2 —A~90° FIAS 180° #4575 6
16 Fers Iy hjw Pa Cxhy 400.2
17 FURIE I R 5 k — (114 8—10 0.9
18 Bl A EH Ahgs | Pa kx(Dhy, +Dh) 223.93

4. A8 PR IO N KUSE Ty WL 3% 5-2
R 52 AP HERL S5

5 # R 55| B AL {3 /] W
1 AP AR Vy | No'/s PO 8.4648
2 | WRABGUEER | F m’ PO 0.704
3 PR Opi C P 300
4 - H s wy | m/s VAR 11.15
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5 EHEE z WA 4
6 HYHR d mm R 60
7 B RIE S R# 5| ¢ Pa 0. 57 2
8 %k hd Pa 11K 8-9 89.4
9 BURIE I ZE k — R —
10 HIELREH T Ahsm| Pa h, 178.8

5. AR BHE N A SRS WU HIE T TIBL ) Ahyw=15Pa, B S AESS I
IR Z W .

6. TR L B

% 5-3 WA H

5 FR Fig | AL THE AR i
1 AP v, | Nm'/s HOJH 9.066
2 | WEARWEER | F n HAH 0.608
3 S35 AR 0, °C PO 207.5
1 P35 w, m/s PN H 10.89
B BN d, mm 37
6 MO L m #*3-11 2.6
7 (5% SLUTEw) Ahye | Pa/m 1] 8-7 44.8
8 B 1R c — 1] 8-7 1
9 FURNE I R E k — & 8—10 1.1
10 TR PEHEIH T Ahye | Pa/m coh, L 125.6
11 A HE f — FJ/F=0. 185d"/s;s> 0.34
12 | #tnmEEI RS | ¢ — Ar[1]% 8-8 0.33
13 | O R | <" — r[1]% 8-8 0.49
14 kL hq Pa r[1]1§ 8-7 81.23
15 | AR IEAGRBEL O | dhy | Pa KAE+EAh, 74.12

Jey 3 BH 7
16 | ERAEGREHT) | Ay | Pa Dhy +Dhy, 199.76

7. B g v
R e AR 2R g, T T AR LR R AR 2R I BE he,=800Pa.
8. S TFAAS 2 M 11 2 18] 4 B0 1 1) BEL B2 R hy=T75Pa.
9. MHIKIH g%
% 5-4 JHEIHE 115

P55 % R VA L ¥ HH
1 S 1 H, | M GBJ—62 40
2 | BRI OBE | wy | m/s *5—4 15
3 | GIRWULEER | 0| C ( a6, +At1k) / (apy+Aa) HAa=0.1| 167-81
4 | WHEFHME | O | C 16, 167.81
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JHACE AR Vy | kg/Nm Veo, V2 +VS +1.0161 9.05
5 3 2 2 2
(0 =1)
¢ [PERE TR oy | ke/Nn (1-0.014% +1.3060,) /7 1.32
FHEE ’
SEPRE A E py 273p° /(273 +0. ) 0.82
7 4 y pi’ Yy
JE 8 1w X
8 | WEEPIIRIZ | @ | — H [8] &4 0.02
o [MRIDEAR < | — L1 1.1
#
1o | MHRIEEEERS] | Ahme (2181 % (p,w,” /2) ) 18.45
1L | AR EREE ST | dhib Qw212 101.48
12 | MRS | A Dy, + Dhy, 119.93
10. JHIE CRLFRME D B A0 X T8 L3 5-5
# 55 JHIE [ BRI
5 FR P55 | A T A A HfH
|| REESE | A m B 6
v
%%&ﬁﬁziﬁﬁ a pj - (a"+apy)/2 1.6
2 Bexs 2R
A = (L4417 /2
SPEEAE | V| No'/kg Veo, VS +V2, +1.0161 8.46
3 2 2 2
(0 =1)
g | PPERE N | oo | ke/No'l (1.0.01A” +1.306a,V°) IV 1.247
RO "
\/:[:}IHEI 0n; ‘C " 205
5 | CPEME | op (an.+6,,) 2
g | BREEAL | Ah| Pa {EE 243 U% 2y 101325 Pa -4.398
SRR
;| RHEIMEE | Ahzy| Pa - Hgli2-273p0 (273 +0,)] | 2660
ERsE W)
8 | MK | Ahyes| Pa [F5 6 3.637
FAEIE X
9 AR | He | m H& 3-4 40
10 | BHKEHAER | Ahyey| Pa Hg(p, = py) 145.49
)
11 | WIES AW | Hyes | Pa ALY+ ARY 118.89
zs yc
R

L1, AR IIE R 40 R TR P& W3R 56
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K 5-6 Bl MHIE R G R

P R 5 | B TR A R IR Ml
1| BB IRy | Aves % (4.18*%1000)A4y/Oydw 7.673
9 FPN Jum Ay | % 0.2X 7. 69=1. 16<6 1.1468

A& IR ANE L
3 YRR b pa s 101325
&
SR | ay | — (1.4+1.7) /2 1.6
4| mEREY
5 | WASFHER| Ve | No'/kg|  VRo2+VH20+VN2+1.061 Cap-1) Vo 8.46
FRUERES T | 2 % | kg/No? (1-0.014y+1.306apV0)/ V3 1.247
v
6 V= 9353
L/
7 BIEHAAKE | Zhl | Pa Ahgg+Ahsm 1724.228
FH 7
8 BILJEARER | AH Pa Zh]poy X 101325/1. 293b 1662.89
FH 7
RHZMMEZ | Zha | Pa h,,+h,+Ah 993.47
S RS
10 @ﬂjﬁj?ﬁ)élﬁ AH2 | Pa thpoy X 1.01325/1. 293b 1005.4
11 BRGNS | AHyz| Pa AHi+ AH> 2668.29
ESE T
12 H B 57U K Pa P X 20
13 | WiESM AL | Hyzs | Pa % 5-5 118.89
WA
DGpERS A= n
14 | MEZEE | AHy | Pa S"+AH?, -HY, 2569.40
. A ‘
5.2 REME 1 BER AT

L 37 XGE B

h,=200Pa,
2+ RIS B AR R 1) b A B (LR 57D
5T AR AL B ) B A SR 1) A 2 A R BE g v

79 bR et 22 0, Bk 1A XGE FRL T A

5 AR 55 | A AT S il
1 PRI ty C (t+ty )72 69.05
2 TR By C VAR 207.5
3 H Mz d mm Yo 5 KRR 40
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4 A5 ) AR Y ER o1 — $1/d=80/40 2
5 G\ ) AR TR 02 — s2/d=40/40 1
6 B R HEE Z — — MR 22
7 [EpE m — 2
8 BRI R Wk m/s H#1-12 5.19
9 BHEE RIS | Ahex Pa 2R HK 5-8 0.4X09. 81 4316
10 | HPVERGHERS] G — 1] 8-7 1.3
11 | HRERBILERE] G — 1]} 8-7 0.95
12 | FAMEIERE K — 5 M 1.05
13 | BIEFERES AH Pa KAh=1.05X202. 16 165.13
3. A TIAER I 1 Ry BH D A& R XIE Jep i BH ) (ILEREE 5-8)
F 5-8 A TR IE 11 BH Ay R KE Je i BE g 5
¥ R 5 | A THE A KR EAGIEN
1 e} Vie | n'/s |pv (a," Aa, -Aaky) (273+t,)273|  2-96
o | HEI O NI Fr m’ HY 0.2148 X 1. 0 0.2148
3 | HEW Ok AR AN Fa m HY 0.8X 1. 96 1.568
4 e OHEL A FvFa | — 0.2148/1. 568 0.319
5 KRR 2t a — A I HL 48010’
6 |ERIMRRT KHORE ¢ — 116 8-12 0.55
T | BEERGDNERE ¢ — 111 8-12 0.42
8 Y ks — 11K 8-13 1.1
9 V&Y (ss — 111 8-13 1.1
10 N 1IN T A Y wr m/s Vi/Fs 13.79
11 a8 Vi | n/s [y ( a’-A a}) (273+1,) 273|418
12 LN AL | owe” | /s V. /F. 19.46
13 A MBSk ha’ Pa 7111 8-9 88.42
14 A3k Sk ha” Pa 7r[1]K 8-9 192.66
15 (AN EERSENDR (s | — a.&" 0.605
A4
16 |t AR R &R Sos — 0.0 0.465
A4
17 UNBEN- =4V} A hks Pa Eh! 53.49
ks™d
18 H TR BE ) A hss Pa Essh,” 89.59
19 | EERERREEIR 500 | — a<0.5h 4% 180° 475 3.5
H
20 AT 755 4y g T AR Fl m* Fi=F. 1.568
21 R 75 2 T B Fs3 m’ Fo=F, 1.568
22 AT 75 o ] T AR F> m’ — 0.784
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23 | JERNIEFHEER | Fy m | F=3/ (1/1:] +1/F, +1/F, ) 1.005
24 PR Vi | m*/s (\llk +V, ) /2 3.57
25 SR Wpj m/s Vpj/Fpj 3.55
26 Bk hd Pa ¥ wyi, to; 5. 5.98
21 | RIER TS J Bkl 11| Ahisoo | Pa £180° xh, 20.93
28 | HEU ORI RGE 3 Z4n Pa A, °+Ah, +AD 164.01
BH 7 A
29 BILEMEE M | AHp | Pa K> Ah 172.21
30 RIS S BH T Hiy Pa AH+AH,, 335.9
4. HORE FH 7 W2 5-9
X 5-9 #HJREH )

P k4 R | B AR pgiEl
1 P IRE ik C IV 119.21
2 R K L m fBE 8
3 AR F m? HY 0. 565X 1.0 0.2184
4 MR A dd m 4F/U 0.467
5 R Wk m/s Vrk/F 19.14
6 THEK pe | ke/m | g0 273/(273+t,) 0.892
7 Bk ha Pa 0.2/2 160.74
8 JEE B RH 7 Ahme Pa ALh/d, 110.7
9 | KSR REFIR | kA — 1% 8-1,8-2 0.27

4HBE ) R BRI
10 AR B — 47 90°, B=1 1
11 I TR R HL C — a/b=0. 565 1.09
125K 5-17
12 90° KM RE | €900 | — kA&, BC 0.2943
13 90° 75 J<kH 7y A Pa kAE BC 4731
h900 v

14 HRIE S L) Ahy | Pa Ah_ +Ah,° 157.01

5. 7K Pe A TERH g v S50 R AR A OATE R ), BGE Ahg=90Pa.
6. HFIEXVE LM (A E 5 A, A 44>, B2 DTt ED
2 5710 P HEERVE B D5

5 B4 5 | AL R VN WS S il
1 HE R I A0 A T AR F m 2XaXh 0.3
2 | WA T wo | ow/s V,/F 95
3 UNEIEIES &’ — 71114 8-11 0.5

_41 -



I R TR 5 2 1

4 RIS {7’ — 1]/ 8-11 1.1
5 |HERVE LRATEIRATH &y — #1715 8-11 0.1
I BE ) ZR 3
6 GILE S B — a =90° A% 84 1
7 B AR R EL c — a/b=1.66 #¥%K 85 0.96
8 90° 75 Sk R 4L §900 | — kA&, BC 0.632
9 Bk ha Pa t, =139.54°C 54.36
11K 8-9
10 BERE B Ahj | Pa > Exh, 128.94

TP HE U A IR s IXAN KU A2 FH R s IR HE AL 9ot 2 11 FE
Jih (TNbAR I JREEY 3 5-5 AI%0 A h,=800Pa.

8. Rl R I s B
AH =2 Ah = Ah+Hyt Ahot Abgt Aht Ah,

=200+379.02+159.39+90+128.94+800

=1757.35 Pa

9. KB CLLFsy ) BARE X W& 5-11
F5-11 XoE HAEEMR T H

A 4R | A R A WS T i
1 S HARIE AL H m | WEMEHOEPHEREYE| 2
T v o
2 S XIR pj T (tlk+trk)/2 69.05
3 g S R E hzsk Pa | HI1.2-0° 273/(273+t . 3.32
4| FEAOEPELOT | B[ n s 4.6275

DR bR 2
5 RBENY ALK | SI7 | Pa S, +0.95H. 63.08
BT ¢

10. Gh XUE R ¢ B

AH=AH"-h*,-S 11757.35-3.42-63.08=1690.85 Pa
5.3. FRAMEGiLE
1L XML E RS WK 5-12

% 5-12 RAHLAIE PR 5

Ae=1 LR T | AL A KPR i
1 5 AL AL AR Ot C % 54 167.81
2 W/s| B(rY +0alV°)x (273 +0,) 742

FIRHUAL G | Vo

=20

/273

Hy A

a=0.2
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3| WMEMERE | b1 | — B HINE L1

4 | EKMEERFRE | B2 | — BRI 1.2

5 | WHMESRRE | O | n’/s 1013258,V /b 8.14

6 TR Hi | Pa B, AH ¢ 249825

T RKBSLRE | Ko | | 1.293x101325T /(20 +273)bp? !

8 P Rk Hzs | Pa ko H, 2290.89

FIRMLAIEFE 5 Y9-35-1 12D

9 R, = 0 | m/s 29070
R i3 H | Pa 2920
HEHUR S J0-~81-6 T % N=30Kw H n=1820r /min

5.4. RFE 4

B B RR AR R 58 A AR ek, DRIIL, 3 LA il i %A 2 44
TRV, P T BTSRRI R 45, 425 T kLRI %,
SEF) T R 2 PSR
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it

AREN T 5E R SHL-T7. 0-1. 25/115/70-A 11 88 45 (R W 1. 76 %o 2 Ui
FE A B, Sl 345 LUBUR] (K 3251 T

NTRLR P R VLT T AL, A X 2 S R S B PR 75 8 BT 5 R P B P
W —BOEPE T SENE, &5k, W27 MR, S T, B i
TFE BRI LML AR, NI RE B RN & R, 1E2E
[RITRR s 1K 2 8 U AR IR T IR D

LA v I R BE T, IR TR ERATTT A 1 SR, N B AR
XA AR PINR s TR BRe, e, JKIGIR, KALSS, BRAKSEIEFEN
T IR, Wk R, BT, AR IR R T AR

B2, BRI T, B BRI BN RIS e AR %
THIEEAT, (S EE LIl AT RIS B TIjE, BN SIS BRI A2 TAE
W AR TIRREAT, A DUE R R AR T AT S, RIS AR
BT S 0B ARBY R U EEAT, R X R BE T Z) T RE
W WD TR, BRRT A,

_44 -



I R TR 5 2 1

Brif

PR R IR HEb e v, A RO T b i B AR TR T
fift, [RINBPEDEYR TSt ir s, HEanZmsihai e, N
IR AR 24T B T AN RS AL .

X REENE BT REE TR 58 1, 5 i 3 2 W 5% [ LI ANE 5 T 220
ATFI S AEIX BN R Sl

AR, G m TAWE R R XINER . B, X
M BB RS L. EJS . ZIMIL MR SEE ) TR 7Rk, R
T A ] 71 e LU SR A e 5% e PR AR

_45 -



I R TR 5 2 1

S 30k

[1] AR BIR. Bl i) 5 vt M S 2RV S ZRVEE b K5 H iR, 1991
[2] BR2Efe BRITSE. Badr 3 IM]L AL SU AU T R iR, 1990
[3] BN A PNEH AR, B AR HR S B MG RV I 7R Al K
HhAL, 1991
[4] KK BRUTSE. BAEHaE. Tkt M.
BT AHUR Tk AL, 1982
[5] 206, EBUR. 32 koo om0 5 i vk M.
BB Rk, 1990 45
[6] b Awbr Ji R M. AL 52 BB H i
[7] B, ALACEIM]AL S S BOE R, 1987
[8] LAt AR T WM. Fifg: Bl CAV BB 50T, 1981
[9] Z&F et 22 R ISR M. AL 5 AU HE kL, 1996
[11] Stanley I. Sandler Nonequilibrium Thermodynamics in Engineering and
Science 2003
[12] Will F.Albern. P.E.Innovative Preheating of Outside Air. Ashare Journal,
May .2002:48

_46 -



I R TR 5 2 1

Mk A

£ 6 F RXAMEEF
JR3C

Power boiler fuel augmentation with a biomass flred
atmospheric circulating fluid-bed gasifler

Abstract

The successful experience in developing the advanced Foster Wheeler
atmospheric circulating fuidized-bed(ACFB) combustion system subsequently
fled to the development of the ACFB gasication (ACFBG) Technology in the
early 1980s.The driving force for the development work was the dramatic
increase in oil price during this period. The primary advantage of the ACFBG
technology is that it enables the substitution of expensive fuels (e.g. oil or gas)
with cheaper solid fuels. Prior to this Lahti project, Foster Wheeler had supplied
four waste wood red commercial scale ACFBGs in the mid-1980s to the pulp
and paper industry with capacities from 17 to 35 MWth based on fuel input.
These units are still in successful operation today. Lahden Lampovoima Oy
(LLOy) is a Finnish power company producing power and district heat for the
City of Lahti. The company is jointly owned by the city of Lahti and by Fortum
Oy, the largest utility power company in finland. LLOy operates the Kymijarvi
Power Plant located nearby the city of Lahti in Southern Finland. To keep the
energy prices as low as possible, Plant personnel are continuously looking for
the most economical fuel sources, and simultaneously,trying to improve the
environmental aspects of the energy production. Currently, about 300 GW h/a of
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diferent types of biofuels and refuse fuels are available in the Lahti area. On an
annual basis, the available amount of biofuels and refuse fuels is enough to
substitute for about 15% of the fuels burned in the main boiler, equaling up to
30% of the coal typically used.

The aim of the LLOy Kymijarvi Power Plant gasication project is a commercial
scale demonstration of direct gasication of wet biofuel and the use of hot, raw
and very low caloric gas directly in the existing coal red boiler. The gasication
of biofuels and co-combustion of gases in the existing coal-red boiler o ers many
advantages such as: recycling of CO2 , decreased SO2 and NOx emissions, €
cient way to utilize biofuels and recycled refuse fuels, low investment and
operation

costs, and utilization of the existing power plant capacity. Furthermore, only
small modications were required in the boiler and process upsets in the gasier do
not shut down the power plant. The rst two years of operation (1998 and 1999)
have been excellent with good availability for the gasier and its related
components. During 1998 several measurements and tests with di erent fuel
combinations were performed. This paper presents the project in detail as well
as the most important results of the rst measurements. The EU Thermie program
has supported this project. ¢ 2001 Foster Wheeler Energy Services Inc.
Published by Elsevier Science Ltd. All rights reserved.

Keywords: ACFB gasication; District heat; NOx ; Wood waste; Sawdust;
Recycled fuel

Experimental methods

The experiments were carried out on a low pressure (20 ata) closed loop.
Canned motor pump, all the equipments (e.g.valve) on the loop are made of
stainless steel. Loop use deionized water, resistivity is 3*10 Q. cm pH value

1s 7.05, used preheating and pressure decrease to vent.

The test section is shown in Fig.1. It is composed of 12stainless steel rods of
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®8x1 (use universal tool microscope 19JA to measure wall thickness, is +0.015
mm not for uniformity) , spacer is 2 mm, heating length is 200 mm and
400mm,grid spacer(Fig.2) coated by insulator is placed 150 mm away from the
beginning of the test section, the insulator is also coated on the surface of the
central tube. Water flows into the test section from the bottom, the water
pressure is 6 10 ata , the flows velocity

Is 1.3 3 m/s . 96 experimented points were measured..

The experiments were carried out under stable conditions. When the loop
pressure and flowrate reached to needed values, two DC motors of 200 kW(20V,
20000A) were put into operation. Water temperatures at entrance would the
desired values. When heat flux reached 1.3x10 6 —1.83%10 6 kcal/(m 2 .h).
Wall temperatures were higher than the saturation temperature, wall
temperatures at different axial sections are the same, it was considered that
surface boiling occurred. When the flowrate and water temperatures are stable,
pressure, flowrate, water temperatures at the entrance and exit, wall
temperatures, electric current and voltage were recorded.

Water temperatures at the entrance and exit were measured by XK armoured
thermocouple, internal wall temperatures were measured by XA thermocouples
and teflon hold down lump device (see Fig.2). Axial pulling rod was used to
ensure that the lump in which thermocouple was placed sticks on the wall. TO
prevent the additional voltage, thermocouples did not touch the wall directly.
Measuring points were 50 mm apart along the axis and between the below for
grid spacers, (radial using eight apart along the test element tubes of stable
region to measure inner wall temperatures and 120 . apart along the grid spacers
region, measuring point wer four apart along radial and scale division with
universal protractor), electric current, voltage and wall temperatures at the
entrance and exit were measured simultaneously by 0.01 class G1212 010

digited voltage meter, flowrates wer measured by orifice with mercurical type
- 49 -



differential pressure recorder, pressure were measured by 0.35 class standard

pressurce merer.

BIOMASS GASIFICATION - COAL BOILER - LAHTI PROJECT

350 MW

- CO, Reduction -
Biomass| 300 GWh/a -15 % fuel input 10 %

w7

* 600 GWh/a
District Heat
*1000 GWh/a

50 MW

Gasifier

(s iame
Coal | 1050 GWhia -50 %
Natural Gas |eso cwh/a-35 %

Experimental results and discussion

1. The calculation of measuring results
(1) Surface boiling mean and local heat transfer coefficient:
Mean heat transfer coefficient in stable regions:
(2) Error analysis: use root mean square accumulation method, the total error
of mean heat transfer coefticient ch 1s +9%.
Where: 1) Relative error of the heat flux caused by measuring is Aq/q=4%
2) Consider of the thermocouple freezing point, meter and numerical
count (e. g. heat conduction coefficient) error, absolute value is 2.7.C
3) The error of the main flow temperature is 2%
2. Discussion
Subcooled boiling is a non_equilibrium thermalhydraulic process: the
liquid nearby the wall is superheated, the main flow is subcooled. Part of wall

heat flux is used to generate bubble, the rest is conveyed to the subcooled liquid
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by convective heat transfer[6] , So latent heat is transferred in the process, the
devaporation condensation scheme in subcooling boiling, in the same way as a
heat pipe, the mecrolayer evaporation mechanism and so on. It connected with
many aspects, e.g.. fluid mechanics of continuous media, but also statistical
physics, physical chemistry of surface effects, and the molecular kinetic theory
of phase transitions. In general, provided their density is not too great,
measurements of boiling sites are not difficult, when done with a movie
camera. But what occurred in our experiments is forced convective boiling, it is
not easy to observe directly. So it is difficult to solve with theoretical method.
Experimental correlation is mostly used. The definition of surface boiling heat
transfer coefficient varies with authors. For example, in 50’ s and 60’ s W. H.
Jens and I. T. Aladyev defined surface boiling mean heat transfer coefficient as
h=q/(tw-ts) . Z. L. Miropol’sk2 defined the coefficient as h=(q-qconv)/(tw-ts).
Early in 1958, in the discussion of “the study of heat transfer to steam and

2

boiling  water in tube organized by Atomic Energy Application
Administration of Soviet Union, I. L. Mostin’ sk2 did not agree with the
definition h=qg/(tw-ts ) mae by Aladyev, which overlooke the flow velocity
influence of wall temperatures. So the definition of the coefficient as h=q/(tw-ts)
Did not reflect the practice.we believe that the problem exists indeed,after
deeply studying the data of Aladyev.Our experiments were carried out under
fixed flow velocity and we found that subcooling had influence on wall
temperatures, so the mean heat transfer coefficient was defined as h=q/[(tw-
ts)+(ts-tb)]=q/(tw-ts). The definition is comparatively comprehensive because it
considered subcooling and superheating . L.S.Tong[6]noticed the ATs influence
on surface boiling heat transfer coefficient.

Our experiments were carried out under 6,8,10,ata, over-all heat balance is

+8.8%.The data were plotted with the coordinates Lg[h/q0.7] and

1g(1+0.015p’p” Ais/r)(see.Fig.3),and obtained the surface boiling mean heat
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transfer coefficient in stable region :
H=8
Where:q:mean heat flux, [kcal/m2.h]

The differences between calculation results by the equation and 97%
experiments results are less than +£15%. According to experiments, subcoolings
have influence on surface boiling . Here subcooling is defined sa the value by
which main flow temperature is lower than the saturation temperature, the
subcooling in our experiments were 1 30 .C. Because convective resistance
concentrates in flow boundary, the disturbance caused by turbulent group in
central region is very violent, the disturbing influence of small bubbles is not
obvious after subcooling is ;pwer than a certain value, so heat transfer
coefficient does not increase with subcoolings as imagined after subcooling is
lower than a certain value.

During the experiment, we observed that stable region test element tubes
radial direction of wall temperature is uniform, grid spacers region of test
element tubes touch with ripple oiece of walll temperature (radial direction) is
higher than stable region temperature £6% (see Fig.4), test element tubes with
grid plates wall temperature(on the site of the water upstream,e.g.apart fro, grid
spacers below direction 3.5mm) is higher thean stable region £11%(see Fig .5).
So ripple piece and grid plate were stagnation of bubble that wall temperature is
higher stable region , after grid plate were stagnation of bubble that wall
temperature is higher stable region. after grid spacers rest to stable.

We thank Huang Daoli and Jia Zhenli for their help during this work.
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