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1 #fi2& Summary

A eHRA LR T EGEBENNER T RNDERSKEFHENEZNFE , RASIER
KX KB SRIIRERRE. 15K , BREZXFEM=INAERIRE , KER1000MW
BIEZLNARE , RABRES SRALZRNEER. R , mXHRERHRIERRS , ERXTD
ABHNATEEFRDENARNK , PR L FEEkASRBEIVNERTIEZ—. FARRE
FRLBINAFEHNFRANEES LRRRFENEIRA T EEMEFKERYRR.

Air cooling technology of power plant for its superior saving water performance and
effective solution to the contradiction between power development and relative lack
of water resources, has become the best choice for large capacity power plant between
in coal-rich and area of water shortage. In the past ten years, more and more large-
capacity air-cooled units have been put into operation, especially 1T000MW of
operation of direct air cooling unit, which has been a milestone in the development of
air-cooling technology in China. Meanwhile, in face of the grim situation of energy
saving and emission reduction, the domestic thermal power generating units, energy-
saving and consumption reduction will be constantly increased and energy saving and
emission reduction have become the one of the main tasks of each generation
enterprises. The direct air cooling system, as a main auxiliary systems of direct air
cooling electricity generating units, is also facing the issues energy saving and
emission reduction.
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Exhaust pipe resistance




O/ 600MWILIGRINAEERT SRR , RAWHIE QRS | MHESEREEEREREOERENHESR

F : Direct air cooling system of a 600MW power plant sub-supercritical adopts dual-row air cooled
condensers from exhaust equipment to outlet of counter flow bundles , pressure test results are as
follows:

T Working conditions BB Tmitd 420MWe | 510MWe| soomMwe| TMCE# | TRLe
T8 Loade Mo | 421, 2794 B17. 30| Bo0.7e| 642,34 gooe
FEEIHRE
t /e BE6.84 | 1339, 24 1600, 94 1505, 44 1349+
Low pressure cylinder exhanst steam flows / N N
. HIED
L EHTET KPae | 19, 373¢| 28,4424 32,0884 13.1¢ | a2¢
Low prezsure cylinder exhauzt steam flowsd RS
HEE%EEH;‘] exhaust device rezliztance+
SIS - Thal
SR U B | KPae | 0.121¢ | o.423¢| 0.727¢| 0.588¢| 0,359
Actual measurement exhaust device resziztances e
b ".\.1 b E- 1J
AT B | KPae | 0.072¢ | 0.115¢| 0.1460| 0.225¢| 0. 10de
Calculate the reszistance of the exhaust devices e
=k N
SMSTHEEE . . kFas 0,0494 | 00308+ 00,8814 0, 3544 0, 255
dctual measurement and calculation differences S
o E: TR
SMUSHERE e 400 T30 | soe | @20 | T1e
bdctnal measurement and calculation error+
HEETEMA ] Exhaust pipe resiztance+s
SRR ERE R -
SAPFAEIEEN pPac | 0.2540 | 0.40de| 0.643¢| o.785¢| 0. 5170
Measured average pipe resistances RS
* ZEM .
HEFREIEE N KPae | 0.244e | 0.392¢| 0.5040| 0.7d5e| 0,347
Calculate awerage pipeline resiztances RSt
ERI=E o
SMSTHREE . : EPasa OL01e | O 0124 001394 0.037< 0,17+
fctual measurement and calculation differences e
=k TEEE
SMSTHRI=E . e 4+ g4 21, 6+ 4, T+ gae
Actnal measurement and calculation error+
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Exhaust pipe resistance

SRR T] Tube Bundle resiztances

SRR & RFR
kP 0.446¢ | 008620 0.Tde| 110 | 0,717
The measured resizstance of flow tube bundles Sl
gl =i
| i EIRRERE) | WPac | 0.335¢ | 0.543¢| 0.705¢| 1.052¢| 0.812¢
Calculation of dowmstream tube hundle reziztances e
RSB
ISR ZE . . kP as 0,1110 | 0.0190| 0,035 0,0480 | -0, 0954
Flow actual measurement and calculation differences R
(R EEN
s ST RS | " T T T T
Flow actual measurement and calculation errord
ST S sRrR
kP 0.229¢ | 0.385¢| 0.4830| 0,781 0, 543«
The meazured reziztance of counter flow tube bundles A
T ERRE R
Calculation of counter flow tube bundle+ kPad 0,208¢ | 0,3370| 0,439 0,71 | 0,508
rezlztances
s R
BRI EZE . . | kPas 0,021 | 00480 0,0440| 0,071 0,035
Counter Flow actual measurement and calculation differenced ™
L] r n‘.|—|'l\||_'| b im| .'_|
S ERE | " w0 | 1o | w0 | oo |
Counter Flow actual measurement and calculation errors
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E¥EAMMLE Test pressure—measuringpoint ..
i e R Dowmn, flow radiating tube bundle.,
W Eh S Comnter flow radiating tube bamdle.,

HES 55 Eztanst derice.,
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Exhaust pipe resistance

BSSMADEBIESTMCRETRLLEBEXESEUNT : The parameters of the TMCR and TRL operating

conditions are as follows: using the measured resistance correction:

I H Projects == v TMCE+«
’ Unit « TRL+
IE3N281% 1 FHT Original unit desigzn parameters+
'ﬁ%ffsi%%]Design temperatured T 135+ J24
t%ﬁt%ﬂﬂiﬁesign back—pressure+ kP a+s 135. 1+ J2+
=1t ITD design ITD# T 58. 19+ 58. 5O
i=tHitE RS SRR kP as 0. 975+ 0. 451+
(AvEEe ) Dezign caloculation
zvaztem total resistance+
!
(Mot containing tube bundle)+
Tt Las ITD 4ir cooled T 36. 63+ S8, 26
conden=szexr 1ITD+
1= E S AR Design m° 47 1653370 1653379+
calculation of air cooling area+
HE#FFE Calculation of heat kT LWhe BOST. 0T SES5
consump £ ions
ZERYEFE The coal consumption z /EWhe F0Z. D6 321, 54
for power generations
R EEE The power =upply coal = EWhe Ja0, a8y 350, 54+
consump £ ions
FFHEE Anrual consumption of 10"+ a0 107, 51+ 106, 11+

coal+
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Exhaust pipe resistance

Indexr the condition of the original dezign of aixr cooling area of 16535379 m2, the correction
of the measzured resiztance i=z u=zed. +
SCHNEE  F R SRS ERE D~ kP g+ 1. 371+ 0. BTEC
(PEEERD +
Total resistance of the =swv=tem
after the measured modificatiorn+
Lnot containing tube bundlel
HLEEE - LPa+ 13. 63+ 32. G+
Thit back preszure+
TR Laa LTD+ T S6. 85 58. 35+
Lir cooled condensexr ITD#
¥ F EISANFhEE ET EWhe S09T. 5T+ 5695, TH+
After Eewvizing turbine heat rate
+
I F i EeaEEE g /leWhe 3035, 56+ S22, 05
LFfter Revwi=ing coal eguivalent
calculation +
i 1 FE e e~ z kWhe B30, 810 351. 21+
After Eevwi=sing power =zupply coal
consump i ons
+
B FEFEHFEERE (FF) « 10"+ ae 107, 45+ 106, 28+
After Revwi=zing Anmmal
conzumption of coal (standard
coall +
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Exhaust pipe resistance

TEREEE 15, 1KkPa/52 KPa -, FHECMER A E B == mmFH
under the original design of back pressure 15. 1EFPa/52 FPa, uzing the measured reszistance

to amend the calculation of the air cooling area+

S F =SS 88 ITD T S5, D5+ ST, Ode

Measured the amended air coaoled
conden=ser ITD+

S F e B v m AR m 1701595+ 1701595+
Calculation of the air cooling
area after the actual
meazurements

AT FEiE SN m R m 480165+ AB016

FEelative to the original de=zign

ilncreasze aArear

198H @ 1. FHEEER 5. st E (L8 EE. 2. O=F | A-A1#04% ooon A~ B i e . +
3. TMCE %% EHTHEE £43959kwe 4. TEL Y% EHETHEE 600000kkw. +'

Description - 1. Au:-ciliar',-' Power consumption rate caleculated by the 5. 3% power supply coal consumption. +
2. Anmual utilization heowur bw 5, 500 hours caleculations year coal consumption. 3. TMCE zenerated power 1s
B453959kcw. 4. TEL generated power 1= BOO00O0low. +

B R EREEE | NEATMCRIFEEFRERIRITHELF0.43g9/kw.h , TRUFERFERISIHE EFH0.57g/kw.h
MHINANEFTERINERIES TN, MRBFFRZITEE , FIEMOBAN 2T SAIER, As stated
above data calculating ,standard coal consumption of unit TMCR than design value increase by
0.43g/kw.h, TRL standard coal consumption than design value rose by 0.57g/kW.h , on the
unit’'s economic influence is considerable. If you want to keep the original design back
pressure, need to add the cooling area of about two units.
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Exhaust device resistance
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Exhaust device resistance

mEFEE , BEREFQSEABINALITHNATERGSKERSSNEE , ROHESEEHEEILHES
ORYED , KE&ITTHEIREMEERHESTE., HHSRENMAERARI , FREERF. RA2H
SEANEADEX , SN SEANgHE—RE/30.1kPa, In recent years, the design of the
direct air cooling steam turbine generator in order to simplify equipment and pipelines
of the steam-water system , reducing exhaust pipes to thrust of low pressure cylinder
exhaust steam mouth , most exhaust equipment designed with deoxygenization
function. The advantage of the steam exhaust device is simplified system and
deoxidizing effect better. Disadvantage is the greater resistance of exhaust equipment,
steam turbine plant produces the design value is generally 0.1kPa.

m  HBFHESEERBREGH , BTEEGERS | AFREERERRNEGAERRESHSEXENE
IR RIS , XEEFEREEDEX | SEFRETRR D AT HIE R ERIESigit
{8 , Due to the exhaust unit is a square structure, and in the state of negative pressure
the strength and deformation must be set within a large number of forming three-
dimensional lattice structure of steel pipe supports, thus causing the resistance is too
large, actual resistance far outweigh the theoretical design value of factory provided.
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Exhaust device resistance

In H Projects EA{i; TMCE#

A
lnite TEL

equipment, calculated by the meazured force modified+
a

BHAR EEERAERE e 0., TE5¢ 0. 517
(AEER) ¢

Total resiztance of the svatem

after canceling the exhaust device+

{not containing tube bundle) +

BHHE B G AR E kPa¢ 12, 83 32, 05

Canceling the back prezsure of the

unit of exhauszt devices

BE e E R as ITDe T a5, 49 a8, 25

canceling exhanst device after air

cooled condenzer ITDW
HEHET B kT ke 5081, 94+ 5634, 24+

Canceling the exhauzt device after
the turbine heat rate.+
B S EG 2 R EH z /kWhe 302, 774 321, B3

Canceling the exhauzt device after

the coal consumption of power
generations
BHHE U EE G £ /kWhe 330. 17+ 360. B3¢

Canceling the exhauzt device after

the power =upply coal consumption
BHEEETFREE (nE) 10" t/ae 107, 23+ 106, 12+

Canceling the exhauzt device after

annual coal consumption {standard
coall &
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Exhaust device resistance

TRz EE 19, 18a/32 KPa [ BUEHRTEER, FSMFENE Bt ET % mii
under the original design of back pressure 13.1EPa/32 EPa, cancel the exhaust equipment »

uzing the measured resiztance to amend the calculation of the air cooling area+
B B O e Las ITD+ Te 36, 04 38, 21¢

Canceling exhaust device after air

cooled condenser ITD#

B EERTH T et me 1630162+ 16301620

Canceling exhaust device after

calculating area of air cooling+

m BT ESENERRSTE | HESRERNENERX | FREABGEHESEE T LA &= SRR TS
NEE , NS eBENE. EHHSREZRIVKEERARER L , BiIREkEENIREAS
1@, MBEFELMHESREIRE  RAVRBEESBIRIEN. Through the above actual
measurement results and analytical calculation, resistance of exhaust equipment is larger, so
the canceling of the exhaust equipment can reduce the area of air cooled heat exchanger or
lower turbine back pressure, thereby improving the economy of air cooling island. After
removing exhaust equipment , steam and water pipe system will be complex, but investment

of equipment and pipeline will not increase. If you select the appropriate vacuum deaeration
device, deaeration effect will be guaranteed.
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Reduce supercooling
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4 FMNTRE

Reduce supercooling

L HFEEFNANHESEIHHSRE. HESEE. HSPE. =k }ﬁﬁﬁ%ﬁﬂtﬁﬁ Bint=EHH
RERFETREK | EHEKOEPKEERTSENHESEDFYRABIEE , ZMEEHETLRATLE.

Due to the exhaust unit of direct air cooling through the exhaust steam device, exhaust
steam pipes, steam distribution pipe, air-cooled condenser and heat exchanger, along with
the loss of on-way and local resistance, the condensate water return water temperature is
lower than the corresponding saturation temperature of steam turbine exhaust pressure,
which is the degree of supercooling of direct air cooling system.
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® LI660MWiEIRFEESS SIS A6 , TBESHTHN TR : Taking 660MW supercritical direct air
cooling steam turbine as an example, the main parameters are changed:
FF 5104 In =] Frojects M & Contentss

A () -

1o . 660 660+ 680 BEO
Output of power units
T E (T e

2 _ (e 10 e Be
Degree of zupercooling+
I EEERE (t/n) -

34 No 1 extraction flow of low B7. 284 RO 08 B2, T7e B, dde
Pressure+
FEILAEE (kT/wh)

¢ . 7EE0e 7860 78704 78720
Turbine heat rates
TS (+/h)
Dezigning coal consuming of

8¢ _ 281, 3¢ 281, 3¢ 281, 5o 281, To
coal guality (t/h) #
o
ETEAEE (1/d) Dezigning
coal conmuming of coal qualits

B¢ (+/d) « 7520 A752¢ 757+ BT60~
+
]
ERuhERE (ERE. ®rtE) «

79 | Overall plant efficiency (low 36. 65%+ 36. 65%+ 36.62%¢ |  36.60%
heating walue. Design coall ¢
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Reduce supercooling

MEEIHERE | SREE1CEAl , WNARZREFRSERN , MEEREFSHEER | QEHE3C
B, *Jl?ﬂs‘&i’?‘-‘FB%O.%% . ISECHEFEIBIN kj/kwh , BEREEIRMNSIEAS ; i/ QETESCHY , A
ZTBE0.05% , ISESHLFEIRMS kj/kwh , BREEIEMSIEER. XXMFHNAMSIHERBRNETT
ki , BRE—ENZIWAY. From above calculation, supercooled degrees at about 1 °C, on
unit efficiency basic no effect, coal-fired volume also basically no difference; when degree
of supercooling at 3 °C, unit efficiency declines 0.03%, turbine hot consumption will
increase 1 kJ/kWh and day coal-fired volume increase around 5 tons; supercooled degrees
in 5 °C, unit efficiency drop of 0.05%, turbine hot consumption increased 3 kJ/kWh, day
coal-fired volume increased 8 tons around. It will have a certain influence on the Design
indicators and future operation of the unit.
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Using the inverter to adjust effectively fan
operation parameters




5 FIREMRRAWATRINESTTSE

Using the inverter to adjust effectively fan operation

L RIVEREES S RANEEREIRT  RTPASERATINEE , ERESENSENSRET , 1BE
MESENESR , EPRIYSERERERDETRINGE. FEMNLIBE. The fan units are the

major energy-consuming equipment of direct air cooling system , most of using the
frequency conversion speed regulation in design, under ensuring back pressure condition of
the steam turbine, according to the four seasons difference in temperature, adjusting the fan
speed or reducing the number of running wind machines directly. The power consumption of

fan should be reduced.
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Conclusion

fRICHESEB. FSARENME  SEGEWI] , FSE5ENS , mOHESIEERK | BRIFHEEET.
Optimized arrangement of steam pipes and steam distribution pipe and of valves is reasonable,
making the steam distribution uniformity, reducing exhaust resistance in favor of energy-saving
operation.

MNFHEERETRM , PHIESSHRERIREX , BHIEN=HIEERIFIREZSED , SEKITLERD ,
NAESEHEYIBHME. With regard to the design condition , single-tube air cooler flow area is larger
than double row and third row to reduce the resistance of steam and condensate water
supercooling degree is lesser, the turbine back pressure is relatively low.
EIWGMERETSNANBHESEE | kBRI REZIREINHER. Proposed new direct air cooling unit
to cancel the exhaust device, which will set up separate low vacuum deaerating heater.
MFEBEHESRENEERT SN , EFSE RNMBHESRESIEAREER | SASRNHESSEESKE]
KE—ERIEM | (BIEfMEmREXNED , WREEKSSEERAFRER , MNEENHESERM#—SHE,
With regard to direct air cooling unit of the exhaust device, because the existing exhaust device
structure of the steam turbine manufacturers is not exactly the same, the turbine exhaust steam and
condensate return water have some contact, contact area is relatively small, no obvious effect on
reducing supercooling degree of condensate water, exhaust steam device should be considered for
making further improvements.

TR DS LHRSERINEE, EHlREEDERNEINHREEMS A, Frequency converter regulates
air cooled axial cooling fan speed , controlling starts and stops in the energy-saving benefits are
obvious.
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