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Modeling study of flue gas waste heat recovery system under variable load for a
1 000 MW ultra-supercritical coal-fired unit based on Flownex
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Abstract: [Objective] To address the problems of excessively high exhaust gas temperature, exceeding the design
value by more than 40 °C, and low-temperature corrosion of the air preheater in a 1000 MW ultra-supercritical
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once-reheat coal-fired unit, an optimization strategy for cascade recovery and utilization of flue gas waste heat
was proposed to improve unit thermal economy and operational reliability. [Method] Based on the Flownex
simulation platform and field test data obtained from actual unit operation, a thermodynamic model of the flue gas
waste heat recovery system was established and validated. According to the principle of energy cascade
utilization, the flue gas temperature was divided into high-, medium-, and low-temperature regions. Four retrofit
schemes were developed and comparatively analyzed, including a combined low-temperature economizer and air
heater system, a flue gas—air cascade waste heat recovery system, an air preheater bypass cascade flue gas waste
heat recovery system, and a multi-stage coupled cascade utilization system for flue gas waste heat. The thermal
performance and energy-saving characteristics of different schemes under variable operating conditions were
evaluated in terms of exhaust gas temperature reduction, equivalent enthalpy drop of extraction steam, coal-saving
effect, and turbine heat consumption rate. [Results] The simulation results show that the deviation between the
calculated and measured exhaust gas temperatures was within 1%, indicating good model accuracy and reliability.
With the decrease in exhaust gas temperature, the additional power generation from extraction steam replacement
and the equivalent enthalpy drop per unit extraction steam increased significantly, resulting in enhanced
coal-saving performance and reduced turbine heat consumption rate, while the energy-saving benefit in the
low-temperature region gradually diminished. The application of the secondary air duct heater effectively
mitigated the low-temperature corrosion problem of the air preheater and simultaneously recovered part of the
flue gas waste heat, thereby improving boiler efficiency. Under 100% turbine heat acceptance (THA) condition,
the optimal bypass ratios of Scheme 3 and Scheme 4 were 0.12 and 0.18, respectively. The corresponding
coal-saving effects reached 5.464 g/(kW h) and 6.868 g/(kW h), while the turbine heat consumption rate
decreased by 54.110 kJ/(kW h) and 71.919 kJ/(KW h), respectively. Among the four retrofit schemes, Scheme 3
and Scheme 4 exhibited superior comprehensive energy-saving performance, especially under high-load
conditions. [Conclusion] Scheme 1 and Scheme 2 are more suitable for low-load operating conditions and exhibit
stronger adaptability to coal quality fluctuations, with relatively low investment cost but limited energy-saving
potential. In contrast, Scheme 3 and Scheme 4 demonstrate remarkable advantages in reducing coal consumption
and turbine heat consumption rate. Scheme 4 is more applicable to units requiring higher energy-saving
performance, whereas Scheme 3 achieves a better balance between technical feasibility and economic efficiency.
The proposed Flownex-based cascade flue gas waste heat recovery optimization strategy provides an effective
technical pathway for energy-saving retrofit and efficiency improvement of large-scale coal-fired power units.
Key words: 1 000 MW supercritical and ultra-supercritical unit; waste heat recovery; variable operating
conditions; energy cascade utilization; Flownex

BEE WAL RE SO AOHERE, REURIIRIRGE R IFIN R G ooE B Bod e et it AT 1

A TR it e, AT Re IR SR TSR AT
TERE T PR (1) ot i) A R AL P
f—RMA 120~140 C, HEFHRTIER K,
SERRIZAT HH AR IR 3 e, 3 RRCHEJOR R 2R
RN, FEmapL P FRCR N PR RST BRI
SIS AR A AN AN 8 8 2 A AL 2L O L ek v
PIBUIR, FRARHLAUGERE, R 5 B AR o B
Ao By S BRR s Rk U 6T

HRT, B BRI A AR A 246 a0 i A 9 ¢
% . Li % Nt CPO-HYSYS & it ik S 5
ST T AL,  SEIL T AR FIER B A B
HPETF . TR ZFEEEI DA A mT US4 A8 AT X285
Beal, @ RSE ARG TS, B3 T
BT BTSSRSO . kAZEPE
i+ EBSILON #4371 050 MW HLAL & Gi R
B, FETBEEERE T 2 S5 R HLA
BT R, TG ETRRHE] 1 5H14H

http://rifd.cbpt.cnki.net

VEANIMT o R P25 0220 of i B R XS AR S A A [l
WRGITET ZAMZSHMAMN. KRRELILLE
7= 660 MW ML N ZMB, it T R FH 55 B IE
IR R R R G BlEEMIEL 330 MW HLAH
B YE R TR SR T R84 Ttk
BAT S SR o 5K BRI T 660 MW i 4Y
B A INGE IR R G, BEFE T AR T RN
TREE 1. T BSENOE ST T ARG =
g 55 % R GRS A 1 38 R GERHAR I I R 5,
XA T R SEA T RERCR T T X b (2 H arE!
S IR LLH S PrRAE R, o5 7 R4 A RE AR
FIF M EBE D, ARSI AT TR S A8
RN, HANR S0 75 RAEAS [R5 A T P FH R P
Z X

SR, A ALK 2B AEAUE i T RSt
YERE AT, 20 T LR A 97 A 8 B ;T 119
BATRME . SBR A SRR B A, BRI H Ak




HFEHIK

XX & XX 3

TH# o o BOREEEATIRES, EHEAIREE . iR
MRS GHE TOAAER R ZER . WRAEE
AT R, S0 T AL SEBR IS AT AT RE T AR A
RIETREIE 1, HEpmW ARG et Hik, R
JH A% B0 R A R AR 7 g AR 06T 4 A DA %
T AR A T 0T FE R A 5 B J 8 3

TEMRIENLAR ) RGEBE S5 AR+,
Flownex {EN3ETHIRMGIEREFET &, 1F
— YRR R R R AT EA R HiEd
WG AR RGBS HONT S SN, Bei% R
MERETE. shE ke ETRE, EHTHR
BPrRK RG-SR R G R BAR I R TR . H
#F MATLAB, Flownex &7 MWK Z H AT i i 58 5
PRI SEE SRR R, B S B @ e ot
M5+ M TAETHE, fes 53 AR
P LR 2% 5 Fluent ZiF 8R4 1%
(CFD) #Ah#HEL, Flownex HIEJ®H IS4
BT A B, (BfERFH T E . 2 TH
AT TRESE M T TS R, TR A A,
& T R ) R G BEARVEREAIT 7L

5 TRNSYS } EBSILON %534 1 & 454l B A
FHEE, Flownex 8NS5 15 R MFE G K ERE I 7 TH
FoA5EE . TRNSYS B T 58IR KA M sh&d 2
B, FER Al Wi al 5 AR & 7 AR —
€ JABR; EBSILON ERTEH] # N RGifads it
Rz AR H AR B S 2% W 2840 5 1) 4
RAE SIANT A PR . Flownex U385 45— i) /0 2% 3R fiit
MEZE, K& Wl il FE B SR B ML &
REAE SR KON -5 0 AU 2R BERS & 20 B, R
TR AEAR B ff Tl R MR BRI 7L . [
I, K Flownex FF i #RBERLZH I AR F4 m U R AR
A RGN, AMUBRE MW B B 5 2
R, B HA R TAEE A S5 EhE

ASCHET Flownex 17 221 6 0 — - HEE I
FEHLVAR S AR BRI ) R G T RIS, IR T
SRR RGP FRAREN I8, g5 AL
IRFREERRF AR, 2 TEAZHARSuE
HE, B HEEUMEIS TR, o T S SuE
FAFE AT N FRERAIE: I FE 174, 53T
ANTFN 5 SEAEAN [F) A7 A v D38 N

1 H2BHE R BB I TIR 3+
1.1 &R

ASCHIE UL B J o R I 5 T 70 2 508
BATIEIEE B E e, s AmEr . —
PRI DA DD BRARE . P 0E X [ SR
EWERIE. BRAE. BIPERTHER AR
WIEFIS I . K R4 A HP1163/Dyn Y
HEBNLIE R BT R4, 5 GBI
BMCR L, 1 8B&H. VEREMMAE 2 57T
HALHN 16 370 mm [ =70 5 e U A AR . IR
LA EHEREEHL) Bt wlE I . — ke
A DURLPUHER . it 2R e . ML
T (THAL FFED FEZESHOU SRR 5 5%
BEILER 1A 2 fioR.

R 1 HNAERTTIATESH
Tab.1 Main parameters of unit design conditions

HFR B-MCR
Wi s SG-3040/27.46-M538
Badp iR ORIESZE R B« h)? 3040
R 2R J1/MPa 27.46
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PR D8R J1/MPa 5.77
FEIAZREE AR/ C 373
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B DA KR EIC 297
7K i 1 °C 297
Bt 2% 1% 94.72
*=2 BAKRSH
Tab.2 Coal quality data
A B et
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TEERIM B LS SY Nal% 0.80
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Fig.7 Change of energy saving index of the unit under
different loads in scheme 1
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different loads in scheme 2

XFT AT REAR bR AT, A IS B LUy 0.10. T
% 3 A N LT R dn B an & 9 B, HH
B9 a5, % 3H, Zai A H AWM TN,
HATHAK TR R E R . 76 100% 5 g F, 5
1l 145 “CIFY 3.960 g/(KW h)ITHE 120 CHF ()
5.440 g/(KW h), [7] BF R AR 26 05038 0 2 Ok 3




HFEHIK

XX & XX 9

52.883 kJ/(KW ). %17 EAEAMCHEIHE IR B XA R FFEL
RIGKMERE, Ut B AETR FE AR A S T B A AR

8 70
[ 100%THASRTET AL —m— 100%THA 1 fif #HFE
7| 0 75%THARGELFE === 75%THAGfiTHGE
[ 509 THAFR T #E 509THA S HiFE 60
6 [ 30%THARRTETHAE — —m— 30%THA M FAKE <
- L
P / '/ 50 E
= . =
5F — 2
E /I/ 40 ]]ITH,H
=2 4 . ] L= N
o [ N
i — 30 &
3 M
P - ¥
20 %
oL g
1
1 w il 10 =~
0 L L L L L L 0
145 140 135 130 125 120
HEJH i g /°C

9 EEXEEH] 0.10 R 3 ARG T FHET REIRIFEL
Fig.9 Change of energy saving index of the unit under
different loads for bypass 0.10, scheme 3

55 0.10 J7 % A AR S LA Redabn LAy
i 10 Fiox. BB 10 /%1, R4, HATEE
TE 5 e HE R B X O A TR s K F, B 4.226
g/(KW h)/NIEFETH 2 4.309 g/(KW ), 8K g A X
AR, (ARPPFERSEE B S, £ 120 CL
LRI 40.021 KI(KW hY. iZE 3 B HE 75 o it
X CSHURAR I IC L, RGBS TR T

6

50

[ ] 100%THATRTAIHEAE —a— 100%THA L H#E
[ 75%THASRTET R —=— 75%THA G fif #kE
5| [ 50%THARfEEHE 50%THAf fif #4E
[ 30%THASRTETIEFE  —=— 30%THA T fif #ikE

"
IS
a

"
IS
o

S
T

1
w
a

w
o
PUBLAGEA IR /KD (kw )

FpE R /g (kW h)?
w

N
T
1
N
o

N
o

=
o

o
=
o

1:15 14.10 1;5 1;0 1&5 léO
HEHIR /°C
10 5528 0.10 755 4 FRIS T FHUATREIEARAE(L

Fig.10 Change of energy saving index of the unit under
different loads for bypass 0.10, scheme 3

H P 7—& 10 nT 50, MEEREASRE, R4 7
FIZAETN, AR ERRK, 4 M7 R EES
FRalihn, REHIPGERFDMGE, (BN R

http://rifd.cbpt.cnki.net

Pl iR X UK. RIRX @ AR . X
J& BTG R PR R, RS K ot 2 1)
()P 35 4% PR Z2 B8/, RT3 (Rl R 1 e
= aL VAN P SR AT PO A G RE I
55, VAR HE B 1 3 B R S A

BB F T R LRI, RG#T 1451
Jfg AL IR B AR TR AR B A e MR . 655
FREERII T 56 LRI 58 2 AR TT RE AT A UMK
H % 2 T omfh TIRIR B, Mgt T7
Z 1 MEI NSRS 3 M7 4 @il
JHAEE A, iR BES SRR R AT
&, ATsEA 7 REEBLOR R, AR RetERe
B AR T, TR LT R LRI & 2 0 s e 1.7,
0.7 g/(kW h), JRACHLIFER /D EIEIN 19, 6
KI/(KW h)o o, 5% 3 FEARHEHIRE X R B
TR 77, T % 4 W TR R HEAR L X 2
BEIFHITTRERIL, RELH AL IL R R S
BATIEN

ZE L RTIR,  BRARHENR L e 8 WA R LAY
FEAe R ECER AL IRER, (R R B A
BURHE. FESCPR TAEVEM R, DU BN O
fabn, FHE GV FERBU AN T RN E
PEREHEAT AT o
43 HEHRRE AR THREFERERKLS
#r
4.3.1 F 35 L) T R A8 AR89 RS vt B R ARAR AT

SN 53 AT B AR HE IR B TR R A 55 i LG A X AL 4.
TRERCR MR, XF 5 % 3 M % 4 fEARE g B
(T SR LB 2R AT T A, R K
VR ATLARHE 26 D503 A B K IR 0] 82 1 5% 2% L 43 YD
NG N RS i L) . S5 RER M, S5
e 2 BT EREAAAE B B 22 . 7R 3 M
M 120 C IR 552 LB RHHLAL Y BE P b O 52
W 11 . mE 11 w74, TR 3, &
Aof T TR R R AL FARE 2 i 5 I S 1K S Rk
INEIEAR A, UL BH ARSI 55 8% LA . 100%THA
e TOUR, RSB 55EE] 0.02 B 4.762
o/ (KW h) 4 2= 52 8% L] 0.12 1 7 5.464 g/(KW h), 2
JETE S5k LU 0.20 B[Rl 22 5.212 g/(kW h); AHJ
RECHLAFE 90 /b 2 i 45.400 KJI/(KW h) 38 52
54.110 kJ/(KW ), [i# J5 B& 22 53.110 kJ/(KW h). 75%-
50%-. 30%THA fifif FRILHBLFEE, RFE
FEE 1K 55 % LU A9 A ) T4t s e <R R, (H




10 #AL R HEPEE G
13z KE55 R 2 ‘ # S 8 80
55 B L3 A 85 5 A T O B T B, 5 T —
Ll 34 | T 7sUTHARBHE  —e— 7S%THAGGFAE |
TR A R R "[ 0 soTHARILEE  —a— SOTHAf Gk // "
8 70 [ 30%THARRTIAE  —=— 30%THA fif #kE PN
] 100%THASRTEHAE  —=— 100%THAGLfHE 6F 7] 60 &
S| T TSWTHASEELEE e TS%THAS G HiE . i 2
[ SO%THARRIFIE  —e— S0%THARHFE  fgo -, =l q |
[ 30%THATRTTMFE  —=— 30%THASLfT#FE = = ;/ L X
T 2 < A
o = 2 % =2 = = k- >4t b {40 &
pil ~ o= o j =
TS5 - ./’ 2 il A )
2 i st g {30 2%
< 4 L |IL L (L 402 e =
o S i 1° % fé
i 2k 20
gﬂé 3 ,a//l/ M S ‘];é 1 E
il [ 1*° = 1 110
2 =
R PR TR I N A
) 1 H20 002 004 006 008 01 012 014 016 018
TS558 HL 431
0 10 . . .
002 004 006 008 0. 012 014 016 018 02 12 FRAHFERE 120 CHMAS =R FIXT BT sEdR
TS 55 B LA FREI RN
. . ) e Fig.12 Scheme 4 Influence of flue gas bypass ratio on the
11 ARIHEIRE 120 CRIESERLLGIxtHlA T 4E4R energy saving index of the unit when the exhaust
FRE RN temperature is 120 C

Fig.11 Scheme 3 influence of flue gas bypass ratio on the
energy saving index of the unit when the exhaust
temperature is 120 C

FESARHFIR B SR T, J7 % 3 AR I
AR FF LI, 4 FhA e T4 R 2005008 0.12. 0.104
0.08. 0.06, ity 5.464. 4.096. 3.033.
1.538 g/(kW h), RE ML HRFEEIW D &5 0 A
54.110. 35.923. 28.463. 13.811 kJ/(kW ).

XTT75 4, A BRIV RFEZR
b 55 s LA I S AR RF ST, Bk 12 fw .
B 12 fizR, 100%THA fifig I, FiitE o igtt
i 0.02 B 1) 1.791 g/(KW h)$2 = 22 55 % L 3] 0.18 B
') 6.868 g/(kW ), JECHLHGERI/ D EH 7.977
KI/(KW h) 3 2 71.919 kJ/(KW h), 75%. 50% .
30%THA it far 51 & AR FEHLIAFE R kb =
B 55 4% L A7) 38 RS

http://rifd.cbpt.cnki.net

J7 % A K 53 BRI IE SR ) B, B A 55
L3, 22 G T F e % B 70 43 i S B vy Ji A
SRR, MTRREECE T RERUR . = tss T
SRR AL, 55 B8 IS 1) A] R A
B, KU E I AR R HGE 2 Nt T
Sy MRS R, SRR A AR,
55 R A BT R S R AR BN e T7 5 4 FEE S
PN U I 55 % 3G IR 432 7, FR I HH BT BRI 45 4
&N EATREIE JT, 4 PR LT St 55 B LA
439175 0.18. 0.14. 0.14. 0.12, k&> 714 6.868.
5.040. 3.647. 1.663 g/(KW h), VTHEHIIFEZR /L
5N 71.919. 47.964. 36.100. 15.221 kJ/(KW h).
SERR TR, TR 4 FHRHRRATES S A
RRGEEN, VLR E N TR, DUREEHLIGEE
FMHAB A K 2N B RS, HATZRA VR
4.3.2 RAKHPR IR E T IOUTF R 75 £ REF AT

77 % A FE &AL SR I S AR T BE AR
R, HARERE T R 5B %55 PR
FEEAFHVCECHL] . 77 % 4 BT AEA R SR IX A
BRI, (RSO AT DT AR T 4L 34
W2 S A T IRGRINL, AT BB AN T4 2%
T T RGEERMRER . TR 3 FIFER R RN
555 BRI RS G 4540 . AE S e Lol AR
i ATRI IS TR R, IRl R, DRI AR
I R A, JGHGE T s o is AT o BeR B
S ER RN R 1M E 2 BRES




HFEHIK

XX & XX 11

—RERTRERE S, (HAERGAT N R RERCR R A,
HX R E S 7 . BRIk, FESEBRR
H, TR PR AR IARISIE 0, St LA B s AT

MR, WEIEHIETTR 3 TR 4. 4 MTRE
AFESE R BT RERCR ISR 4 s

* 4 BEHETE G TR YR
Tab.4 The optimal energy-saving effect under different loads of each scheme

. " . . ThIREERL IR ;
WL % T F LA T
g % i fif HEFHHI B M Z/MW HATIK) + kg (g {kW h)") FIHLAFER/(KI (kW h)?)
100%THA 9.342 11.359 3.728 33631
%L 75%THA 6.444 10.587 2.962 23.200
50%THA 7.071 17.709 2.789 25.455
30%THA 3.668 14.730 1.484 13.206
100%THA 9.592 11501 3.765 33839
VEY 75%THA 6.681 10.874 2.996 23452
50%THA 7.294 18.233 2.835 26.229
30%THA 3.886 15.103 1.539 13.559
100%THA
CEE 0.12) 15,081 18.276 5.464 54.110
75%THA
(L] 010) 9.979 16.393 4.096 35.923
RS Do HA 7.979 19.832 3.033 28.463
(35 HEefs) 0.08) ' ‘ . .
30%THA
(L] 0.06) 3.836 15.405 1538 13811
100%THA
(B LI 0.18) 19.978 24,291 6.868 71919
75%THA
CEERLLH 0.14) 13.239 21.764 5.040 47.694
TR Do HA 10.028 25,115 3.647 36.100
(F5R L] 0.14) : ' : :
30%THA
CEELLH 0.12) 4.228 16977 1.663 15221
4.4 IERFIE SR RGP FEARHRRIR L, (EM s KR N R,

AT R R A R AR A R AL S T ST RE AR
e br, FoRHUALE —NsiT N, RGN
IR AR T OCAC T P > AR E R FE & . 3R s
RERS 25 & SR AN [R] S fif T 00 T 719 RERACR B SE B o1
BARERE, RPN s Ts REAR AT IR RSB
—o HTHALRE LR AT PRI T2 AR A,
PR G SR 43 LI VE R AR AT IR gk AT v 5,
FisAUF

B::_j::(bi-Pi-ti)xlo-6 @)

s B TR, 6 b NE T L0 TR,
g/(KW h); Pi iz faser T B S 7, MW,
ti NIZ LOVEIZATITE, he REINA—FEBT4 7
200 h, H:1100%. 75%. 50%. 30%THA fifai L.
WAy HIIEAT 2160, 2160, 1800, 1080 h.
PRIENLAH IR IR AR A T I SRR 5 B, B
B ASCR y T A% TR B A RSR SRR S5k A, 2 H
AT B 2 MBLAR 2. AR R B £ S SR A
80~90 C, #ENBLHREA IR Bm, WAE
a2 4 e, FERIR A IS S5 A 3 ml

http://rifd.cbpt.cnki.net

RENAEFE. RIECEMR, LR ASF
& ROKES N TSR FEEIE AL 2 TEAHDC, MR
5 CHY, BALHSR AR KEZNL 2.62 kg/m® hRii
™).

A AR AR D CHE TR A AR A R s B e
RIS, FARIE T ABEFE > . B
TR R R b B s R A ) COs, PRI I
] E R HONHER . ZIE AR AR LA T RE
AR, RN & 2 5HHSE 5 S PAG R 3%
an [P EEARYE, HotE AW R

A(CO,)=B-« (8)
e o ARAFRHERARA R, tCOMt, T8 H Y
2.6~2.8, AICHL 2.6,

27 [A) R AWM SR BSR4 1) 2R AU T
PR S FE 2T BRI AR DG TERE, X Bk 4 Fho7 R RH
£] 1 000 MW HLE IR BT HEATAG B, & 07 4% 5
2175 4650 Jist. 4970 Jjot. 5800 JiyG. 5400 /i
TGo IBAT A 32 B R G N e e B R % ke ok
Mo o, 403 RIvIREm 1% 5. nd
FEEZRIE TR S5 WAL A 3G 0, bl Tax g




12 kAL R

WFER

M LU I 07 USRS, AU [F 2R BN TS
BATAR T E . XFF 1000 MW HL4L, B
FELUNHI A E BRI 0.1%. 4 Fhus T ERA 4
GFYEANTUNER 5 Fion. S5RERW, &7 EENEE
SN2 1.70 Jk. 1.73 Jl, 2.39 Ji K 2.95
JI I, 6 A 3 43 ) 1 065 J5 761 038 JI TG
1401 J376 /K 1751 JiTt. &7 RENASH B RN 7

WA 4.36. 4.79. 4.14. 3.08 F. BEH ARG RIF
R RIPEm, TR BRI, HhrER 4
WO, fGbrthmtl: 7% 3R 5 M
HA B TR 1 MITR 2 RGBT
B, RREETT R A AR . giERE, 7
FAEH T TREER B S LA, 7R 3 EH
RAMTHE S &2 B EA R G AR

*5 BHEMEE. WHKIHSEUER
Tab.5 Initial investment, annual benefits, and dynamic payback period for each scheme

T H ES! VEX VEX VEX
WIHER TG T 4650 4970 5800 5 400
AR T 1.70 1.73 2.39 2.95
F R T o0 935 952 1315 1623
A K 30.4 304 30.4 30.4
FK W R It 71.14 71.14 71.14 71.14
CO JFHE =/ T3 1 4.42 4.50 6.21 7.67
& IVApS 309 315 435 537
FLFE AN TG 7T 203.5 250.3 362.0 426.0
e AL T oG 46.5 49.7 58.0 54.0
SIBAT AT TG 250 300 420 480
IR T 1065 1038 1401 1751
s A/ 4.36 4.79 414 3.08
5 Q:él: iﬁ 3) ANETE T FERIX LR, mfanr %

AL Flownex 5 B 5, EF%—RE
TG I TR BRENL 2 R R BNSCAE AN [R] 67 fef T
PIRERAL IR R, FFRE T 205 % R #FI R
RGWIT, RGoH T A SE T ZAE S R
THLFHIATReRE 1 SIe TR, FES R R.

D fEANFERMEOT R0, A RA R R
i W 2E P m LA R R AR, PR e . B
WHRE, A (100%THA fifi) THTF, 51
—4 [ATEE BN 3.728. 3.765. 5.464. 6.868
g/(kW h), IRAEHLIAFERR 730 T P& & 33.631.33.839,
54.110. 71.919 KJ/(KW h), REVENLLNT AR
WA, (HNET JEHE, PRI
PE AT E

2) fE 4 M, R I MIE 4 @5
R AN 2 R AAT W, ST iR A
B K 3 AR BERA R R, REERAIH T 7).
B LT, J5 % 3 M5 R 4 HHER A A A i
Ihor ik %) 15.031 . 19.978 MW, 4 kg Z&75ili%
SRS )N 18.276 24.291 ki/kg, B HYEniR
SRS T AL 35k 6 A A B R FH e 0 B AR T 2
REEMCOT . M2 T, F%R 1 EERBRR R
A E i, e T RE AR R, H TR AR
(30%THA fifi) THF, HATHEEN 1.484
9/(KW ). FREEHLIAFEZR A 13.206 KI/(KW h), %5
FATRERF AR T R, SRR U Bl A B 1 B

http://rifd.cbpt.cnki.net

7R, MR AT Tl MRS R AR
FEE BN . 726 3 4F 50%THA Gt fif iif ()15
LR AL 3 3.033 g/(kW h), #FEFR N 28.463
KII(KW h); 5% 4 AR5FG T 1) (30%THA) TifiE
4 1.663 g/(kW h), #FERA 15.221 kI/(KW h),
BT RRARIR BT %, I T REERH 2R 78
gy e NI .

4) BB RRECRIE, TE 4 AT
T TR SR TR 1. 2 WA WA
T R A B R, B AR TR 2 AR
ORI . FEE T (100%THA) T R & mik
6.868 g/(KW ), K51 7if (30% )15 {4 1.663 g/(KW h)
PR, 5 T R R B RIICE 4 4 A S LA
) e e P R e 2

5) & 1AHRE 2 RERAFH, B
EATRRIR B AR A R, 7% 3 ER AT S AT
M2 M EEBRMREGAERI, TE4EH TR
SR = IHLA

K FANAEAE—E R RE. B, Ardsrm
Flownex &L HUZHIA Lt S0 15 AR,
XS BRIEAT ORI RR A« TS5 Yk P B W 45 3
RN TS E e ¥ W N TR G R SR
brif AR AE — i 22 Hk, RFFRANERE T
100%. 75%. 50%7#1 30%THA 4 A #7847 1 T30,
R 5 Ik A VAT R 7 fmr AR AR, T R AR A

T B AR RE I 7. B0 BIRJRIR, Aok

s




P XX % XX

13

WERAT AR AN Tr i — B dh g —RE &0
W AR FINLE S brig 472450, X Flownex #5288 i3
ITRIESEEWAE, R AGRNMEmE: — &2
FEREWEAS Star T IR T BRI 24T, SRR B
RN FR GEAE R e DR AT AR AL A ) S
[& % 3 #k]
(1] MG H. Kl HRFTRIIB[M]. P77
V2 A8 K S H Rk, 1994,

Lin W C. Theory of energy saving for thermal
systems in coal-fired power plants[M]. Xi'an: Xi'an
Jiaotong University Press, 1994.

[2] Chen X, Guo T, Feng Z A, et al. Research on
the policy of renewable energy development in China[J].
E3S Web of Conferences, 2020, 293: 03033.

(3] ORUbAE. rhEBR BRI AR AL 5 B 2T
KATFHEFED]. Abat: o EHFTR (L), 2013,

Song H Z. Study on the distribution characteristics
and the exploration and development prospect of coal
resource of China[D]. Beijing: China University of
Geosciences (Beijing), 2013.

(4] fR7KSE, WHoE, =80 RIS <
RIF &), ABe3) ) L, 2020, 35(8):
151.

Xu C M, Xie Y B, Gong X M. Analysis on waste
heat utilization way of flue gas in coal-fired boiler[J].
Journal of Engineering for Thermal Energy and Power,
2020, 35(8): 151.

[5] vupRH, #ME, BEE, & RGN R
SRR IRV o A [0 IR BEBh 1 TR, 2016,
31(3): 70.

Fan Q W, Dong H T, Mu C H, et al. Analysis of the
effects of warm air heaters on boiler thermal
efficiency[J]. Journal of Engineering for Thermal Energy
and Power, 2016, 31(3): 70.

(6] XIZ, dk:dr, EH, & ENIMEIERE
2% BOR N F F TRt R (D] #vRESh ) AR, 2017,
32(11): 122.

Liu J, Meng G X, Wang Z C, et al. Recent research
progress on the application of low temperature
economizer technology[J]. Journal of Engineering for
Thermal Energy and Power, 2017, 32(11): 122.

[7] LiHA WeiDL, WuYJ, etal. Intelligent

performance enhancement of flue gas waste heat

http://rifd.cbpt.cnki.net

recovery in combined low-temperature economizer—air
heater systems[J]. Process Safety and Environmental
Protection, 2025, 202(Part B): 107812.

(8] CfR7F, Bhi%, MimEr, & ) HARM
FIRTT #5255 R ai TR [J]. T RE, 2025,
44(8): 132.

Wen J F, Lu J, Shang T S, et al. Optimization design
and comprehensive benefit evaluation of flue gas waste
heat recovery schemes in power plants[J]. Energy
Conservation, 2025, 44(8): 132.

(9] MEZEM, FEERE, EZ2IK, . B0
ARBA I S G LA R RER I TEDT R[], A
71% Hi, 2015, 44(10): 29.

ShiY Z, Meng G X, Wang A Q, et al. Performance
test methods for flue gas waste heat utilization
improvement project in coal-fired boilers[J]. Thermal
Power Generation, 2015, 44(10): 29.

[101EM, M1, w5, 55 AR
I [ S R R R e S I AL [0). #AT0kH, 2021,
50(4): 67.

Wang L, Yang B, Gao J H, et al. Application of
steam-flue gas waste heat collaborative recovery
combined utilization system[J]. Thermal Power
Generation, 2021, 50(4): 67.

[11] B3y, =500k, dlie, 5. BB
s AP SR B R G 2 SRR S AR T RLIE AT
HRES[I]. B0 TR, 2024, 44(1): 148.

Chen X, Feng Y L, Yang K X, et al
Multi-parameter and collaborative operation
optimization of waste heat recovery system of pre-heater
of coal-fired unit[J]. Journal of Chinese Society of
Power Engineering, 2024, 44(1): 148.

[12] W3, S=iEDT, AOCH, &5 PRIEHIEIES
RIEL R G RIELR T 5ia17 ML), e
31 FE, 2023, 38(10): 95.

Chen X, Bin Y Y, Zhu G M, et al. Online
configuration adjustment and operation parameter
optimization of flue gas waste heat recovery system in
coal-fired power plant[J]. Journal of Engineering for
Thermal Energy and Power, 2023, 38(10): 95.

(131 5KIEZR, FEUNNE, e, & PR EILA
JHAR MBI R RS E T[] B R,
2022, 53(4): 74.




14

‘A% e

HFER

Zhang X D, Tang L L, Zhai X, et al. Optimization
and economic analysis of flue gas waste heat recovery
system of coal-fired power plants[J]. Boiler Technology,
2022, 53(4): 74.

[14] e, 500k, xIBA, 4. BRBOHLZLIE S
RIFK R F W R G 2 S8 Kz 47 5mg [].
AL LR 223K, 2021, 41(13): 4566.

Yang K X, Feng Y L, Liu M, et al. Multi-parameter
optimization and operation strategy of fluegas waste heat
and water co-recovery system for coal-fired power
plants[J]. Proceedings of the CSEE, 2021, 41(13): 4566.

(151 skEAE, xI0, skE9Z, & SERH Il
JRAFABE [FTC R S0 R 600MW LA 4= T3 AE 4 HT [J].
Hp ] FEHL AR 223, 2018, 38(12): 3588.

Zhang G Z, Liu M, Zhang J T, et al. Performance
analyses of a 600MW coal-fired power plant integrated
with a novel boiler exhaust heat recovery system at
overall working conditions[J]. Proceedings of the CSEE,
2018, 38(12): 3588.

[16] £HE, SOIKR, K[, 55 1000MW Hl
Al 2 TGS 55 B R AR T R G0 RERCR 0

http://rifd.cbpt.cnki.net

[9]. #4714 Hi, 2019, 48(11): 56.

Wang C C, Ma J M, Zhang Y B, et al. Study on
energy-saving effect of bypass waste heat utilization
system of air preheater in a 1000MW unit boiler[J].
Thermal Power Generation, 2019, 48(11): 56.

[17] soyfbl, e, 7, & “XmERPLA
b AR R T SR 0]. #vagsh ) AR, 2019,
34(5): 9.

Shi H C, Zheng P Y, Yang Y, et al. Study on waste
heat utilization scheme of boiler flue gas of secondary
reheat unit[J]. Journal of Engineering for Thermal
Energy and Power, 2019, 34(5): 9.

(18] AR, PRI TR IABELA ] R 5t
PRAL A FEE ST [D]. Jbnt: A i 7R 22 (b ),
2022.

Zhai H Z. Optimization and thermoeconomic
analysis of flue gas waste heat cascade utilization system
in coal-fired power plants[D]. Beijing: North China
Electric Power University (Beijing), 2022.

TG A% R




