Prediction of the Visible Plume from a Cooling Tower
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The heated moist air from a cooling tower sometimes forms a visible plume in a rainy season and
/or winter. It is sometimes considered to be a cause of nuisance such as icing, lower visibility,
obstacled sunshine, icing, and local weather. Recently, facilities for reducing the visible plume from
DHC (District Heating and Cooling) system in urban area and/or airports, and that from
geothermal power plants in natural parks have become necessary, therefore an accurate prediction of
the visible plume under every possible weather condition is important for an economical design of the
cooling tower. A prediction procedure of the visible plume was already empirically established by
Shinko Pantec Co., Ltd. In this work, a new type of prediction procedure has been developed together
with an empirical procedure for applications such as cooling towers of various scales and plumes
under all possible atmospheric conditions. The method becomes powerful tool not only for
determining a reasonable wet/dry ratio, but also for both conducting an environmental assessment
around the cooling tower and a feasibility study in designing it. The main procedure is based on
computational fluid dynamics. The calculation has been conducted for various fan-diameters and air

conditions, and the predicted results well agree with the measured ones.

The present method is

expected to be an economically advantageous tool in accurately predicting the visible plume.
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Fig.4 Geometry of computaional
region for a large tower 2
(mesh distribution).

t }
Qutflow [Free]

Inflow ) Outflow [Free]
v, ke, TM

- —

Atmosphere
T, M
Fan-out
wv,w,k e, TM
tt
Surface
Tower No-slip [Log-law]

F5E WESTROMPRUBASRMN
Fig.5 Initial and boundary conditions of numerical
calculation.

F T OHBE 25 A 1.

HHERRIE EWS (IBM_/RS6000,7590) % {#HF L T,
INEUSE T30, ABUEE 1 TTO0RRE, KREUE 2 TS5 &
BT,

32 p LS S ¥ -

Vol. 39 No. 2 (19963



Fiber cable
Measuring point Probe
= =
f il
Ez;zzII

[T 777777777

Model equipment

Traverse unit

FO6R NEEFNLF X M EE BELFHREH Y X T 4

ﬁ Laser source J

TM | Transmitter

PM Photomultiplier

Signal processor

Computer

Fig.6 Experimental model equipment and turbulence measuring system.

2. % &
ABECRAEREERE T 3 oD i/NE WdiE
SEERF 200 m*/hr), KZYHE 1 (Wb BRI 1 200 m®/hr)
EREME 2 (FH1800m*/hr) 22 NEFNMAL I,
7 » vHOKRUOAS, (GENE L) OEBRIEER UK
BEE Y — 2RBEGREFERAVTERLZENRE L 720
1B/ TR ESFSEBE R O 0 R R A 4 SOBRESH S
RIE Lo AKOEFEOHE I XS RIBRITSRET 2 6
L, Thzig FcEHE LT 2 ToRMAKREIE D&
BIERFICRIE L7, ¥ 72, BEORBELEERE (25D
EVIRBmEICLDEERL, EBRTRIWOEBHER X
hHEDORS, BRUBREERD I, /NUETRE™ICE
HETHEE S A b7 o 7 LT, KBS 1 RUKEIE 2 T
DREE FBEHIcfTh

7y VOB 2 BAKMHEZREET 5. DICE R
WRT/NHEEF LT 2 VEEERIWEL, 77 yHOD 3 M
D FE E LR XV — 2B FRELE 2 ot L — ¥ —
Fov 75 —REEHZHOWTHEL 2o KRR b L —3—
WRAZRT b=AaX{bsnis ) vk (ER2~5
pm) AR L7, 10 000 0B EEAHEL, co7
v v TVEEE & AT EE O RMS %R 72,
3. BRRUEBE
3.1 77 HOORESHRTFERT RIVE—
ETRCSHBARHVWEEBGED 7 » VX7 v 7 FIRICE
AR, FREKROEEE O RS EE S R O —Fl %R
T, BAAEER T » YR8 v VL TRERKEEICKLY,
HULMHE TR/ NEBIT IS B K 5 BAHEE L 5, 8RR 7 7~
YTWd BBFEBEFENOHHAA LN B, & HEHE
I b BRIEEE I U TRA T30 % D EuEASETHEl S Tz,
INSFHAERD S 7 7 YHEOKIE 7 7 ¥ OHRRHE

UThnITEEEEICIZIZAITE T EERL TV B,
L L7 r ok (IUHE, IR, BEE KR
125 LHEHE N B EESFHIRENT B, TO—Fl& LT
B EREE AL S B LIBAORENH ERT . W
FHIRFESAIC I 7 BB SR E DRI TREZ I W,
YRR OCHBEHEICH L TREETEVLRS B, DI &
BREEDOY I av—va veEiTHE (BREGEOEE)
BNRET BHEE 7 » v & OFEH OEES 7 D E RIS
NWETHBIEETRTE, BBEFNFAVEDT7 7 v
BERIZ580mmTH 34, COFRMETRD L EE
SRR (=7 7 v W/ B AR [ikEEd
LS RT =7y 7Ltk bEMERICHEMY & REL
770

89BN ERF IS T BELIE = % v F — S ERT,
AR ANF =3 r=180mmfETcE—27 LK, %
DRI TLREY ONTHENH B EBbh b, E£1EFHLT X
WE-BHRPZ OHEHEDORE S B 7 » vORMNAEE
B bk T 5, Zo—fl& U TEI0BICERAEEZ
(bEREBEADER A NVF-DHERT, BIRE 7 7
VERREE RE—TH 23, 77 VORMNAENEDL S
FTERZ ANVF — DK L EDOKR X S BT 5T
EWRENT VS, AHEEOHERRIZ 7 » vHODHE
R, BICERzANLNF —ORESIIKET BT L2
ABLTWB ey, BEOHEAEREGE LTBRATECE
PEEBEEE ES¥ 3 ETRARTH B, ThoEEE
BOERENEE UTHEAYT 28I, BESH &Rt
HOWFEETHHEE 7 » v OB EWCETR - * v ¥ —
RENT IHEND B, B8, KT R VE— 05T ITE
EAROBE LERI, WRLEEET LAY -
7 v 7 LR S EAERICHEU ERE L i

Vol. 39 No. 2 (1996, 3)

e 7y o HIR 338



[ Velocity distributions in radial direction
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Fig.7 Velocity distributions at the exit of fan(8-bladed
fan with an inclined angle of 45 degrees).

Turbulence energy distributions

Fig.8 Velocity distributions at the exit of fan(8-bladed
fan with an inclined angle of 30 degrees).
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Fig.9 Turbulent energy distributions at the exit of fan(8-
bladed fan with an inclined angle of 45 degrees).
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Tablel Comparisons of computed and measured plume dimensions.
R o Cooling | Fan-out Atmospheric condition Visible plume
1 t
o Apparatus OVZ ran :vater dIt‘y bulb Dry bulb  Relative Wind Length  width Volume | Remark
No L{nd/hr] emp. eMmP. | temp,  humidity Velocity
rel | e | 'Y TRT f/el | m) [m) [a]

Small 18.0 3.0 127 Exp.
1 ) 163 47.9 41.3 17.0 27 0.0 Figure 11
ower 18.3 3.9 148 Cal

| Seall 4.0 18 10 Exp.
9 N 163 37.5 35.5 17.0 27 0.0 Figure 12
ower 4.1 1.6 7 Cal

L v 45.0 18.0 30000 Exp.
3, argi‘ 1040 40.0 32.5 9.2 84 1.0 Figure 13
ower 59.5 165 31548 Cal

Lor 15.0 4.0 355 Exp.
4], gel 1150 35.0 30.0 10.8 62 6.8 Figure 14
ower 15.0 5.0 440 Cal

L 96.0 10 1550 Exp.
50, arg‘; 1870 42.5 28.9 9.0 45 0.0 Figure 16
ower 30.0 9.0 1950 Cal

Experiment Computation
g1 NEEOAREECHEERLBAEER L OLR
(Run. D

Fig.11 Comparison of computed and measured visible
plumes from small tower(Run.1).
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Fig.12 Comparison of computed and measured visible
plumes from small tower(Run.2).
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Experiment Computation
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Fig.13 Comparison of computed and measured visible
plumes from large tower 1 (Run.3).
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Fig.15 Velocity distribution behind a large tower 1,
showing the recirculating flow occurring behind it
(Run.®.
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Fig.14 Comparison of computed and measured visible
plumes from large tower 1, showing the effect of
wind (Run.4).
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Fig.16 Comparison of computed and measurea visible
plumes from large tower 2 (Run.5).
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