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Abstract

The operating performance of indirect air cooling system of a 600 MW unit was fully analyzed fol-
lowing the guidelines of dry cooling tower acceptance and performance test (VDI2049); it was
found that its cold end runs with high back pressure, poor vacuum and low economy in summer.
Therefore, the cooling transformation was studied. By referring to the peak cooling reform widely
implemented in direct air cooling system, the peak cooling reform scheme of indirect air cooling
system was designed, that is, a set of surface evaporative condensing system is set up to operate in
parallel with the main condenser to supplement the condensing function of the unit. After re-
search, the retrofitted indirect-cooling system achieved a significant reduction in back pressure,
and the best effect under full load was 8.25 kPa. Finally, the income of the renovation project was
analyzed. Taking the unit operation in 2016 as an example, the investment could be recovered
within 5 years.
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AT A Z I R MR IR K T W (VDI2049), X13600 MWHLARIEZ W RAREITIEREHT T 7
AP, RAHAWREZBITEER, BITEEHE, BITEFHE, STH#TAABUEM . Bk
ERSZEETEEEZR RANREAHTOE, Rt T HEZARENRERHNSELTR, PRE—F
RHERABIRRA S FENREFBIEIT, MYAABRRIITHR. 2R, REFRARATEL
BB K, EBARBRTRRERE, %38.25kPa. &)5, Mikis TRMKRAHT T 2, Ll2ole
SENVEBATIEBONG], SN BT SEELBHR E .
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R i HLALAE B 2 i N B s 7 e ) SIS AT G, S (A s R HLAL Ve 20 R Gtk AT SR UV 4]
g . ARG HECEH T BERER RA[3] 4], EARHERZR RGN Wl E 2w RGNS A
BES][6][7], WIS A MR 54 H[8] [0]; LRI B RARIEA AL, BERE &
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2. [ERFRGHEARBESEY
2.1. [EEEER RGN RES T

o, G T A HES IR R R EG T I (VDI2049), S HEHLALA A4 ARG B8 TR 1)
X Ho it RGHEAT T MEREIREE, IR & R St L 2,

WIGHEAT TR, TH—: MERIRAE 30.54°C IR y)aaiR 2 29.57°C HEIRGE 1.11 m/s. HLAH B
2 601.49 MW; T3 —: FREGIRE 33.41°C IS W IRIR 2 30.61°C . FREEXUE 0.87 m/s. HLA H I 610.47
MW.
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Table 1. Design performance parameters of indirect air cooling system

=1 EEERARRITERESH

T H 2R XA HERT TI(ERE)
CERPIES MW 622.51
KAES kPa 96.34
FREE °C 32.50
R R m/s 4
TEIATK B U °C 63.95
PEIRTK H B U B °C 52.95
IR K IR B °C 11
] ¥ F 40 5K BR kPa 81.20
FEIR K 5T B t/h 64,470.00
PEIRIK 5 JE L kJ/(kg'K) 4.182
Wk 2= °C 31.45
HHRARET kPa 30.00
HUHAES TR m’ 1,811,230
W MW 823.78
ESIES MW/K 26.19
Table 2. Performance test results of cold system
< 2. [EA RS MR IGEER
PRI & S5 XA TH 1 T2
bk R MW 601.49 610.47
KAEH kPa 95.94 95.80
B °C 30.54 33.41
T MR S 1 °C -1.96 0.91
FRAE R m/s 1.11 0.87
PEI IR I °C 60.11 64.02
PEIIK T °’C 50.61 54.14
TEIR K I % °C 9.50 9.88
¥ R GEK B kPa 53.01 52.56
TEA KA m’/h 69,006.00 69,117.90
TGFR K 2 kg/m’ 987.92 986.27
PEHIK T =i t/h 68,172.20 68,168.76
TEFR K B O B9 % 5.74 5.74
& 1F J5 181 R G5 KBEL kPa 47.46 46.99
BRAE I kPa 22.99 28.01
TG Al MW 752.01 782.31
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Continued
AR O B % -8.70 -5.00
WILRIRZE °C 29.57 30.61
KH R MW/K 25.43 25.56
FBH R B IEI R °C 30.58 33.46
BB KR 18 IE IS5 °C 31.69 34.57
FEIEAE A K i3 i °C 59.66 63.56
LA IR 2 °C 29.122 30.148
T THA ) R MW/K 25.823 25.949
AR R EL 6 -0.015 -0.015
PEREFIWI (0> &K, 0 <0 BHIERB AT L) T IR T 2% AR I AN S
Adtyy 0.001 0.001
AdpLy 0.005 0.005
Adty 0.002 0.002
Adty, 0.002 0.002
Ay 0.016 0.016
V| = A0t + Adpri + Adty + Adty, + Admy 0.017 0.017
5'=5+V,.| 0.00212 0.00212
VK RE T B G e

1) ¥ RGKH

O Th—: RIPEIRAHKTEN 68172.2 t/h, MAFAA RS0 /KE A 53.01 kPa; & 1EF B iHA A
KB 64470 th T, 153IHA1A RS MK FH N 47.46 kPa, /N Ti1HHE 81.2 kPa.

@ T RIEIEIAAHIKREN 68168.8 t/h, WG EIA RS EKBH N 52.56 kPa; fE1ER] 114 %)
KB 64470 th T, 93 HA1A RS M KB N 46.99 kPa, /T iHE 81.2 kPa.

PRI TOLIZE R, 1A R E/K /N T 3T HE

2) W EITERE

O TH—: R THAZIKIERE A 9.50C . I WIIEE 2 29.57°C BUAEN 752.01 MW, A
T4 25.43 MW/K, THEIHAEIEE TN 25.82 MW/K. TFINRE S = —0.0151, HEIRKIRZE |V,
0.01726, P Z%L 6'=0.00212. RIIRIGHFE, [H¥A RGA HPERE RIS R ZR .

@ TH=: R THAEIKERE N 9.88°C IRIVIUAILZ 30.61°C By 782.31 MW, “HIRE
114 2556 MW/K, THETHARIRET N 25.94 MW/K. P RE 0 = —0.0151, HERIIREE |V,
0.01720, VU R4 0" =0.00211. ARIEIREAAE, [F¥ R G0 N PERE ok B 2K

PR T A AREG 45 R 0, (A8 RGUA EI M RE R R A AR, BARE RITRE.

2.2. [EEEARGEITIHEREDHT

WHGZHLA 2 RS 2017 FR FB TS HGE 3)sH Tz irtEse o .

ATLAEH, A RGEREDEFRITRIE 32.5CeiTN, HARKH 599.2 MW, it IR
233 MW, HEE/KE 544 CHBTHER 1.5C. MR BRTHERIE IEHIBREN N 49.5°C, LPrEfrE i

otal | -

otal | -
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6 5.6C, WHIRGBITIERERIZE
A7 R GEAERE B K IR ARIE BETHE 63.95 CaAT I, HLA AT 554 MW, @& T % Lo BT fady, 1
PRI BHA R ) 2L 27.6 kPa, B RGISIT H B .

Table 3. Air cooling system operation in summer of 2017
*3.2017 FEFZRRREITIRR

H 391 WA MW SRR C HEESKIRC HEEIKIERC TEKIRFEC  1B1TH)E KPa
2017/7/12 13:30 501.9 326 63.5 53.6 9.9 27.0
2017/7/18 0:00 508.4 322 65.9 55.2 10.7 29.2
2017/8/11 16:00 554.0 33.1 63.8 53.0 10.8 27.6
2017/8/11 17:30 599.2 32.9 66.2 54.4 11.8 30.1

23. RIMEITHRENERIH

231, BEFESEE TR
SRR, SRS T RS, BT IR

2.3.2. [ER ARG ER

AV RGAEBLERT, HRBISATN 2t Bt R BRI R LA — 2 R E
M, LMERS RGAEECE R XM N R AIBIT. LR RGEBHHRUR ) RSBk E T, i
IEARTH ST DARA 52 Y SE PRl i AR . DL B0 T 3kiE, RIS RS 4, WTREH, WA R
e et TOLR AT A AR BEN 3.6%, dm A T 2 RGBT AR & A AL

2.3.3. EREARRERS

HLIE VS FR Gt AR B AR RIS RLZE TN RO A AL AN I S AR T e A
AHUNG RN, SUEZ A BN RIS, BEM A A, AEACR AR, 107 REtERE
B I

GZibpnid, EFERERGE T RIHARZ . BN RGERIHEREA L 28 BTSRRI TS 55 K 2 1
ZGEN AT IEREFEAR. 9 7 R ML mrl i B 087 BE /) A R I, SR RpLALs T 25k, XL
AR RGHAT BORSUE AR AT L2

3. [ERRAGENRART{TIE

RUE VS H SUEAE [ A B A LA A3 I N (11, SRR s, AL B BoE B A7
BARAAT .

{7 AP ¥ 20 BSOE BOR AT S Ve PR . WS BRI . B LI KA, BOORZE, Ao, A
HEAARAS _E A ok L2 3 2y ST e 0 AN B R AR UGV R 28R A 3 R A BUE RES ST 1) fEA DR
AV RG FIRETT I RTAR T, IR RIS 2 R L Tt N BT I HRS, BRSBTS s . 2) /£
A% R AZRRIHTIE T, B ES AR, R RGN IR

A RGNRIEA H ARG EGE, MIE BB RS S EEESIFINETT, MR
R HNBESTHEAT AN T8 o 2RV AN PR K AR 4 28 A 7% 21 SBR[ 101 A AEAHAS He A, 28I VAt I FA) ek 45 7K R [
NN RGE, MR RMZ G K2R Al e B iy s . RIS R BERS R 4tis
ITIERE R, ZIEROT ke, IR AL B AR S, 2 RIS A 02 R T HEAT BT A He
RARIRBEEET R
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Table 4. Design parameter verification of inter-plant cooling system

4. B AR RAFRITSERZ

T H &k XA HZ TRL
]V O R MW 831.30
NEE KR °C 63.95
TEIR K It & t/h 64,470.00
HEE KR °C 52.80
TEIR K IR % °C 11.15
PRE E °C 32.50
HE OSSR % kg/m’ 1.150
Y H = AR T KU m/s 2.13
A HRAR B IR B W/(m*K) 36.70
A EL / 112.00
BRI AT m’ 16,055
JENINE S TP m’ 1,798,180
M m’/s 34,198
B S TR AR R 2 AU R R kg/(m’-s) 39,327.15
T °C 21.02
HIE 2SR C 53.52
t1— 62 C 10.43
2 - 61 C 20.30
TR 2 °C 14.82
MECPEERE * RE ¢ 12.97
R EL C 36.700
A AR B m’ 1,811,230
o m’ 65,427.39
RIS
% 3.612

4. RIELZEANAGEHRERT R
4.1. RGEHER

PAELFZ S VML ARGV ) R G 77 SN BRAEHE[12], W [ v WL AT B0E, 15 1 NRG0R
B BHAGRE VAN RIS SR, BRI, BB R AR AT ALy, Hea ot
BRRASAESE R _ERIHES . IR AR, DR R AR B AR AT FLIR . AR IR AS ZAIB AT Y
HIPR T, DA KRR L O F R, SRR B B 22.5%, ZIRE 2 TRL T, MEHTE R
IR 300 tho $HTTIEAZR AR BRSO BE, BEATK B I E BV, R R I B RS
TR RGENIT I, BT oK g
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Figure 1. Schematic diagram of the system

E 1. RpErEE

4.2. RGEE

RUERH RGBCEIIN T —EBR KBRS, MNP EREBFHZNARS. MET RS,
BEKR G AVKRGE. RIERG. BARGSE.

4.2.1. BRERE

K 2 AMRRAE R ERAREN, BRI B Rl FEHOKIE . RS . Fh XL
GREAETE AT B, SURIRES TAE; SRR T A T AT B geir T4 0, LT3 A 155k
IKDELRGE: 2 RN &R PVC SRS IEH/KIEE TR AMI, 15 5 S NG Kt . 72 A7 7 = o
IR Rk 3, TAER A8 RO SEEL SR P HE B 3 B 45 K B

4.2.2. HEIRS

1) ZRARG

TE FHLBRAE(A/B P 73770 51 H P R A T itk AR A 28 R BER 25 «

2) AT RS

o HE B A P I AN R4 SR T B BV B A s S, 5REBRASR R ARG SRR E A
HARM, EHBIT M &, IN2ERIEHR A A RERSE, REI TN TNEA
AR, PUAARRGZRR S ERAERIN, BT A 75 BEEH & F 0 s 0 vl 2 R G003 J S 2R
TR UM SN R SRR SHER S B2 M HAHEE, HERE RS, R nT DOk gt N8 K
EER A DA 2 D BN F LB 3 SRR b DL R IRy R R BRI B, [ 7E 4
HEE FRE N FIME, T REN T AR GRS E T R G085 oCT .

3) EtEK ARG

RRBRRGHNREE Z M EAEE, HREREAMSE, 0H AR SAAEERNE KT
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8, N BEAAEAT) 5 2.0 Kit, WEZRMFELHRHEEZE, Pl 2 sta Kl imd B it
77 3 E 2 EHHECR R, Tome B SR KR

KBRS P EESS K S BRI Z IR A KR &5, AN EBEK R G S8 LR E A KA,
MT Rl 2 5 B e 5 EREK RGN . ARBTG5 = —, AfER
BRI IEIA S FK I J B %5

PR

M ARG
A

7ok — PR

Kt
MR

AR EsRkH BRI

Figure 2. Structure of plate evaporator condenser

B 2. iRAFRKERREN

4) MK ARG R 5

AR - PEHKIERR KNI SN T, BA RS BA AL AL I, fAIEMRHOK IR Bk, Hix
BRI R BACIN A R, KA G2 RO RS, SR8 S . Bk, S E e
WAk, IKER BT RK RS

5) MRS

HRREERB/AERENNTHNL DCS 245, Hili—%E DCS HHidEd @S BB AN DCS &4,
oA R 2 B e N T DCS .

6) AR

AR (220 V/380 V) LB & N7 RIS E AL, BEEK RS, HEZE RG U LRBIRYE, &5
219 936 kW, #iE(10,000 V)& T

5. BUETIEXHH14E M REROR M
5.1. BUETIEXER RGHIR M

5.1.1. EFETIR
DL T o, THELEATRCR, 458k 5, PPERIE 3 fros. ATUEH, SoEEEESE

BT LA T B 8.25 kPa, B R HINLZHL A1 H 25 ¥ 3R GroR e v A s HoA B 0 (A
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Table 5. Operation effect of cold system peak reconstruction (design condition in summer)

5. ERBRFRENESITHRETRITIN)

i H 4% AT BrS i U 5
ISR °C 325 32.5
I K t/h 64,470 64,470
AT MW 831.2 831.2
B AR EN K HE R °C 52.72 49.32
PEIRYA FK 8T °C 11.1 8.49
TEAAREIE kPa 29.86 21.61
TR RE32.5C
AOKi#ES2.72C HEKES2.72C
P E
63.82C
29.86kPa =m
HOKiEe3.82C U
WHAKE
HAEFRLLA
#Hi300h ZRRBRBEZRS
FEEREE32.5C
3
% AHKE49.32°C Hhik#E49.32°C
XK <
HEHK
57.80°C
21.61kPa =m
H Ok #ES57.80C U
WEHAKR
/
HERLIRSOEG

Figure 3. Performance of cooling system before and after peak modification (design condition in summer)
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5.1.2. AR IAR

B RGANE RN —NEBAREE, REGHE T RHVEER AR R ETEIE, B35 T B 721l
2RI 4). ATDLE Y, ARGV TGS 5 TS TR BRI RO g, BEE iy R B, Bus )
WA FEAK

60 70 80 90 100
A2 1%

Figure 4. Curve of back pressure drop with load rate

Bl 4. BETREREATREHLZ

5.2. BUETIEX Rt RGRIRm

TR, B TRHURRBEN BB, 5 RN, £ H TR E I A SR
AR AR ST AR AR S5 EHLRETE S B RE. UL TRL TOUAHI, SO R VBRI 77 AR
8.25 kPa, firth DhR M ARG B0 T VAL R, R FIEFEREAR 0.64 g/(kW-h).

XFF AN, SOE s REFERE N, TRL A0 T HLAAHHLID RGN 936 kW, EIE/KAEIE N 225 t/h, SEhx
IBATH B BEFERY BAL AT R AT 1L

6. BUET VI

a5 R 2 IR 3. BLALISATHEI . SRR . SR B AL i USR5 ) 54 4
I S TS 22 T A DR
6.1. BB

MOETH SR B S BN, W WL AIRS . FE . RS WS, Pl e
BLIN 3157 Jiot, SUETHREME L 6.

6.2. TR

PAMLZE 2016 fEizAT 1500 N, 44K B 3,542,312.4 MW-h, 1847 /M 7428.95 h, FIH/IN 5367.14
h, HAF3R 72.25%, LA 4~9 HIgT8dEE T R, SRk 7.

DAAAESF 35 R FUREFE T FETH, WIS AT ARRE R 11,328.97 Wi, 4R MEMA% 705 /M, W]
IRATIRIC R 798.7 Fi Tt

DOI: 10.12677/aepe.2019.75008 72 ML) 5 REYR L R


https://doi.org/10.12677/aepe.2019.75008

Table 6. Estimated investment of renovation project (ten thousand yuan)

6. WEIEREBERT)

%51 TR 48K AT W% B 2205 T L HoAh 9% it
VAR 520 2070 80 2670
HARS% 23 5 205 233
FAEE T
HE RS 11 27 38
N 543 2086 312 2841
IR 93 93
AR 2 64 64
B H 2hiliE 22 22
HAhZ H
e S i 19 19
FEART 4 2 118 118
I 316 316
TR Bt 543 2086 312 316 3157

Table 7. Calculation of coal saving (operating data from April to September 2016)
F 7. BHEITEQ016 F 4~9 RBITHIE)

3 4 g SRR BAT /NI IR T RHRIRRE T IR
MW C h kPa 2kWh t
462.86 12.82 399 2.06 251 463.06
437.48 17.91 845 2.40 2.92 1077.00
434.95 22.60 1543 2.98 3.62 2430.48
451.58 27.36 1343 3.98 484 2932.05
497.60 3225 857 5.92 7.20 3067.35
600.00 36.68 179 10.41 12.65 1359.03
P AT 2.65 3.20

6.3. BEFERRA

G RS B K(6~9 A)A 3922 h, SUEME AR B B B A 240N 936 kW, HEEHEM N
0.5501 JU/f%, RIS HEFEHEIN 201.9 J370; SUEHMKFER 225 th, ZFEKMN N 1.8 Jo/ME, w15 KFER N
158.8 JiJt.

6.4. P IHTE

2 LB MOE PIE 5 LN B R R 200 J5 76, LA 2016 EIE AT IS I T VI s i, TR IS A
638 JiJG, FIURAE S RAR G A% WLZE 8.

6.5. EIYTEERD

oS BB 3157 Ji76, BL 2016 RS ATHEE A S Ik g R T, RICAERR DY 4.9 4F.
Rk, R, R R AR S MR BRI, IR IR G . SEBRIR R AR A LT
5E o
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Table 8. Net income calculation (ten thousand yuan)

=8 FWEITEA L)

R AR 798.7

T H it A% 200

Ny 998.7

IKFE A 158.8

REAEPH I A HUFE R A 201.9
%7 360.7

Hilkag it 638

7. &Eig

N T REPHEFEATIERE, WS RAGHATHARSCE R L EN, DLEEA A PR RIER A

RGHOETT RPN L, ERR SRR R G BEE R B ES RGEROR EAlfr. &l
RUEVS KN R G S I AL 78 R G IR, RERS S ML AL 2= 7 4y RE

L2016 SEisAT o001, X duE TREHET T IGEE A, TR AR IR 0 638 JT 0, IR IAIULEEIR

N 49 4R, BUBLFIERGT, ERA, SERIANE S ST LR R A AR
S5 3k

(1]
(2]

(3]

[4]

F#, AW, BRI, & (A2 A HURES B 2SS IR sh A REUE I 7U[T]. HE4RH 17, 2012, 40(4): 663-666.

MISLZ, kANE, BT (MRS R RS B SIS AT R B L[], 30 TR 2R, 2008, 28(4):
594-599.

BONG, S, SRR, 4F. 600 MW LIRS A HLAL NS SR I vA 1 56 B B0E RAVERE AT [I]. IRECHLAR, 2013,
55(4): 300-302.

WS %, SRBREE, /NG, &5 FRBESSM N B BT RGUBITHRR R L[], BUARHL 7, 2005, 22(6): 39-42.
&Kk, VFT, Mild, . HESBRIEAH RG0S LRI, IREEHLEIR, 2016, 58(2): 143-145.
BHE AL, RUEA EIRRIE BB A MU S R[], BB Tk 2B 24k, 2016, 19(4): 40-44.

R, FARME, #or, . HETAPIEHIEA R RG0S T ZUHE). IREEHLEIR, 2016, 58(6): 464-466.
PRk, FHlgT, SERE. K TR RAIEA HIBOK BRI R HT[3]. A 77, 2010, 27(3): 57-60.
TR, KR )R BN S R RS AT, E BT RS, 2010(7): 66.

HKE, FRE, MEit. BETWREHRARRIER RSN AD]. WLPEHE ), 2014(3): 57-59.

S, BRIER], R, % ZRAHEARE 600 MW MIABEETSA RS LRINAED]. #J1RH, 2016, 45(8):
58-62.

RN, 660 MW I T A BHAA G A Su&E vATHERF 7R [0]. RALEIEIR, 2016, 37(10): 9-11.
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