o a A o < o W v o o o <
ﬂ'li‘]J'i‘U‘]JiN‘]Jigﬁﬂﬁﬂ']'Wﬂ']i‘ﬂ1ﬂ')’liJ!fJ'Ll!!a$ﬂ1§'ﬂ1ﬂﬂ¢l$ﬂ§"Llﬁ"lﬂﬁﬂﬂﬂﬂ’lﬂ']'llllﬂu

9 =\
HUVLWA Taen T 19a51All

F’TUEJ’J'VIHVI?WEJ’]ﬂ‘i
Qmmn‘mummmaﬂ

fmmuwuﬁw,flumuuuwmmiﬁnmmwaﬂ@mﬁmmwmmwmmmumummm
AT RAMNITNAN  NIAITIIAINGINLAR
ANMYAAINITNANGRAT ANIAINTLNNIN AR
TnnsAnun 2553

A1ANTIBIRHIAINTUINUNINEAE



IMPROVING COOLING EFFICIENCY AND FOULING REMOVAL OF FILL PACK
COOLING TOWER BY USING CHEMICAL

AULINENINYINT
A TR SRS NS 1ot

fot the Degree of Master of Engineering Program in Chemical Engineering
Department of Chemical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2010

Copyright of Chulalongkorn University



Thesis Title IMPROVING COOLING EFFICIENCY AND FOULING
REMOWVAL OF FILL PACK COOLING TOWER BY USING
CHEMICAL
By Prakasit Juangpanich
Field of Study Chemical Engineering
Thesis Advisor Assistapi ' @gssor Soorathep Kheawhom, Ph.D.
Accepied CusimeEac i) : sung. Chulalongkorn University in Partial
Fulfillment of the RequieMeg
» ean of the Faculty of Engineering
( | inwong, Dr.Ing.)
THESIS COMMITTEE
\
........ .. Chairman

on Mongkhonsi, Ph.D.)

-
el
!

s Advisor
groooratnep om, Ph.D.)

VRS

(Kasidit Nootong; Ph.D.) .

WIAINIUNAINY)AY

............................................... ternal Examiner

(Assistant Professor Prakorn Ramakul, Ph.D.)



dszmfia d3amitly © madfudyalss@niammahinnuiuuazmadida
azniudmivnedinnudvuvuunaTaonis ¥, (IMPROVING
COOLING EFFICIENCY AND FOULING REMOVAL OF FILL PACK
COOLING TOWER BY USING CHEMICAL) 8. #uSnwiinmiinusnan:
HeLAT.INN Aeamen, 105 wil.

éqﬂ's.ﬁtu#mm mina s A wuns sua TdihAoms fnuwnad s
Taomaduiiuaud m il ! -&wﬂﬂ::ﬂnimn winUszding
AL R L PRI : il sxdanansemi fiing
[Auve IS AT I gy Gt e A AW i wiin Buveanen iy
TuTsandandaan’ aueialunmisasnuieu
vopavein i Tg 1 Buinszferfeatumsne

Arveanzniuluilnan

hmnoves mmainmdu I 1da e
sonuuuTasmsiian i oo , A W aAuAwmsnil lunquueans
winn3 uaziimalazdiug ifimnzey maviansuaunsoi
msnvIuADEYH oonTaoaIw: ] 1u11mmi’1umumh'lﬁ
ERYPLERRINT By ﬂ mInAneIgmiIi an
40 unz 5nmn=i‘¢:ym i MARD. i uﬂ'@,l 5, 10 iadnfuredng o
mImanennal mi"lﬁ'mh*?mnmnm&;mwmumuﬁuu1nn'nmaunuu'.u 0.45%

e N A

Uszininguniiv 1m1muumuwmnmmmammu 10.1% mum:-unnnnuqmﬂuﬁ’

oVl ANy

M. 3nsTuni... ... I'I‘Itlﬁﬂ'l‘ﬂ“ﬂﬂﬁ’m%m"f
AN MINTIMAT........ anilode o T nu T Inminuinan. .. ‘:E“'” LI

UnsAnut...... 2553 ..o,



# # 5271490021 : MAJOR CHEMICAL ENGINEERING
KEYWORDS : COOLING TOWER / EFFICIENCY / FOUING / DETERGENT

PRAKASIT JUANGPANICH: IMPROVING COOLING EFFICIENCY AND
FOULING REMOVAL OF FILL PACK COOLING TOWER BY USING
CHEMICAL. ADVISOR: ASST.PROF.SOORATHEP KHEAWHOM, Ph.D., 105

PP

The major cors 3 é&rﬂthn plants is sustainable the

profitable by operatiag

less than design, tue*Ca SAfE heal rate penaltysNommally, filled pack material of
cooling towers in g ed of gradual loss in thermal

performance. The Ig#€ infefii€ Ency.isusually Invdlvedaith fouling in fill packing.

and dosage of deggent 45 varied between 0, B,Qand 10 mg/l. The result show
0.45% increasing ofécegling efficiencyggompare with design when detergent was

dosed a ﬂn%l B g e} 40 W v ohae increasing of cooing

efficiency mpare with desigg when deteggent was doseg,at 5 mg/l at load

"N 3TN UA1INYIA Y

Department : ____Chemical Engineering . Student's Signature ____f’_!'!!ﬁfﬁ_'! ________________
Field of Study : __Chemical Engineering .  Advisor's Signature 3@41-§'lv-m
Academic Year: 2010 ...



Vi

ACKNOWLEDGEMENTS

The author would like to express his greatest gratitude and appreciation
to advisor, Assistant Professor Soorathep Kheawhom, Ph.D. for his invaluable guidance,
providing value suggestions and his kind supervision throughout this study. In addition,

he is also grateful to Associate Professor Tharathon Mongkhonsi, Ph.D. as the chairman.

of the thesis committee. The author would @ NALCO COMPANY.

—

5 his highest gratitude to his
parents who always p ) his € ’ or suggestions, support and

encouragement.

AULINENINYINT
AN TN ING Y



CONTENTS

ABSTRACT (THAID. ..., iv
ABSTRACT (ENGLISH). ... eieeeeee e v
ACKNOWLEDGEMENTS

11
12
12
13
16
16
17
19
21
24
26
27
30
2.7.1 Increase efficiency by variation of physical property...... 30
2.7.2 The study fouling in filled pack material..................... 32

2.7.3 Study of chemical removes fouling in cooling system...... 33



viii

Page
CHAPTER
I EXPERIMANTAL. ..., 35

3.1 Plant diagram and study parameters...............cceovvvueennennn... 35
3.2 Study equipment and method..................cooiiiiiiiin 39

IV RESULT AND DISCUSSIONS......oiiiiiiiiiiiiiiiieeeiveveeeee. 43
4.1 The turbidity results in makeup water......................ooounnnes 43
4.2 The wet bulb tempe e in makeup water.......................... 47
4.3 Cooling efficiency i% emistry after dose detergent at
loadi % P PP PPPPR 49
oading m an :

& ¢ 1scu@d megawatt 40

ad megawatt 50
............................... 72
VI CONCEUSIONS AND RECOMMENDATIONS.................... 90
6.1 Concli#iSiofiS ... sl .. OB O W ..., 90
6.2 RecoOmMmMENAAtIONS: & it ittt tnnrnniie ettt eeiiiieee e enenenan, 91
REFERENCES. ...ttt e e, 92
APPENDICES...........ccccve... o i 94
APPENDIX A: CALC TOWER SYSTEM.......... 95
APPENDIX B: CALCT SPUNNALTY............. 99
BIOGRAPHY ........... _ED ......................... | 105

AULINENTNYINS
AN TUNNINGA Y



Table
2.1.1
2.4.1

2.5.1

2.5.2
2.5.3
2.6.1
2.7.1

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.2.1
3.2.2
4.2.1

4.3
4.3.1.1

43.1.2

4.3.1.3
43.1.4

LIST OF TABLES

Page
Summary the strong and weak point for each cooling tower type.......... 10
Cooling tower performance nomenclature.................cococvviiiiine. 17

Identify four samples of cooling water deposit analysis of fouled fill

sections, elemental composition of fill deposit (weight percent) of dried

sample...coo L onNERRE B I o 21
Shown silicon (Quartz) and Aluminum.gatio of deposit analysis............ 22
|dentify the loss of ignition anaj FT-IRfor microbial analysis................. 26
Physical and chemisiry propefty of detergent.c.............cocoviiiinnn. 28

Summary the Jitératdrereview-about method toimprove cooling

efficiency duria§ 1905 2016. ; .................................................. 34
Summary the vafiable pa—rar:nete"'g RN SN 37
The evaluatifg paragieter, of test'f.:‘,.’.,..‘: ............................................. 37
The detail of water €hemistry forféivs;.. .............................................. 37
Cooling tower design';-ihfdrmationv@ié;vvm —CWHSB. ... 38
Feed rate calculations for variatio:h‘i:é'f—&.‘:'ﬂow downrate........................ 39
Specificat‘id‘i ‘ 40
Detail of téét THroCeElliE N E——— ............................. 42
Averages, rrﬁhimum and maximum value of turBidity in make-up water
andwetbulktemperature dufingtesting.... ..o Lo b S 48
Descript 3 of the detergent dosed (mg/l) at any loading (MW).............. 49
Stmmary water:chemistny foik CW#1 {undosed)@nd CW#2 (3,14

(Dosed 3, 5, 10 mg/l respectively) at loading 40 MW..................oo.. .. 52
Mass balance of suspended solid in makeup water, blow down water

and accumulate in cooling system at loading megawatt 40 MW........... 55
The actual weighting result before and after used detergent................ 57

Summary the result test of CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3,

5, 10 mg/l respectively) at loading 40 MW...........ocoiiiiii 68



Table

4.3.2.1

4.3.2.2

4323
4324

A1
A2

page
The actual weighting result before and after used detergent.
Summary water chemistry for CW#1 (un-dosed) and CW#2, 3, 4
(Dosed 3, 5, 10 mg/l respectively) at loading 50 MW...............ccoveenee 74
Relation of % suspended solid remove in bulk water by detergent and
CO0lING EffiCIBNCY . ... e 78
The actual weighting re before 2 after used detergent............... 87
Summary the result and CW#6, 7, 8 (Dosed 3,
5, 10 mg/l respé five Joa et 87
Heat rate pena kPaa change i CKpressure................... 102
Summary cI losed a , 5, 10 mg/l and heat
rate penalty (%) vaillel £/ = A0 Ny TR 103

AULINENINYINT

PAATUAMINYAE



Figure
211
21.2
2.1.3(a)
2.1.3(b)
2.1.4(a)
2.1.4(b)
215
2.31
241
2.5.1(a)
2.5.1(b)
2.5.2(a)
2.5.2(b)
2.5.3(a)
2.5.3(b)
2.5.4(a)
2.5.4(b)
256
25.7
2.6.1

3.1.1

Xi

LIST OF FIGURES

Page
The cooling tower diagram ..o 2
Natural draft hyperbolic cooling tower.............ococoiiiiiii 5
Force draft CoOlING tOWET ... . 7
Induce draft CoOlING tOWEN ... iv i 7
Tower film-fill pack type and form zigzag channel..............ccoooiiinnn. 8
Working principle of zigzag type packing material.............................. 8
Typical cooling tower Compon!ents ................................................... 9
Typical corrosien celit. ... ... T TETRTIITETEPP PR RN N PPN 13
Relationship between coollng renge and approach............coccoiiin 16
Shown the fouling problem (90 95%) infillpack CWH#1 ...l 19
Shown the fouling proplem ( 90—9_5% infill pack CWH2......................... 19
Shown the fouling probles (90—9'5%) i fill pack CWH3..........o oo 20
Shown the fouling problem {90- 95%) infillpack CW#4......................... 20
Shown the fouling problem (90- 95ﬁlrr‘l fill pack CW#5 ..., 20
Shown the foullng problem (90- 95%) "rl fill pack CW#6 ......................... 20
Shown the FbUWﬂg‘pRﬂJlEﬁT(@O‘Q‘S‘?")‘IWfﬁl‘pECK@W#? ......................... 20
Shown the fouling problem (90-95%) in fill pack CW#7 ......................... 20
Summary of lbe majority of fill pack cooling tower deposit. 21
EffeGt of pH on mineralisolubility at507C. 5.0 L L 25
Functional of detergent to remove fouling film from surface and
individualmoleGule of detergents . L LSl L s 27
Diagram of cooling water system and steam turbine and condenser
0] 01075 [T 35

The overall diagram of 8 cooling towers on 2 plants that used the one

source of make-Up Water..... ..o 36



Figure
3.2.1
4.1.1

41.4

421

422

4311

431.2

4313

431.4

4.3.1.5

43.1.6

4.31.7
43.1.8

4.3.1.9

4.3.1.10

Xii

Page
Sling phychrometer, LMl pump and polyethylene feeding tank.............. 40
lllustrate the highly fluctuate of turbidity of make-up water over than
specify target (<1.0 NTU) during pre-test and post-test (360 sample
BN ) 42
lllustrate the turbidity without of target (%) of make-up water during
sStudy.coovvii R R 42
Mass balance around COOlING tOWERFSYSIEM............ovvvivieiiiiiiiiiens 43
Mass balance of suspended sélid around.cooling system.................... 45
The inlet wet-bulb temperature profile duringsstudy............................. 46
Graph of average, minimum anl(':l maximum. profile of turbidity in makeup
water and wetdbulk tempefé;turé]@'hring Study.ou .o 47
illustrate the cadling diagram of Ibléht 2 during study at load megawatt
40 MW.......00 L . skl J ................................................ 49
Turbidity results C\W#1 (u-r’a—doseé)’%nd CW#2, 3, 4 (Dosed 3, 5, 10 mg/l
respectively) at |oadir%‘§j 40 MVVTJ ............................................. 52
Functional.of disper's_a'h'éy to remciéé"‘s“'c:)]‘ffolant deposit by highly anionic
chemical '_cﬁarge on suspended solid sur‘race....;‘."._.',.d ............................ 53
lllustrate deté_rgent can remove solid matter on éurface ............................ 54
Mass balancme after dosed detergent at 3, 5 antj 10 mg/I during study.
Thelsuspended solid which accumulated:in filled pack is decreased
when'detergent is increased to 5 and 10 Mg/l......cooiiiiiieiiiiiiieiiiceee 55
Relation ef % suspended solid removes by detergent and cooling
efficiency at loading megawatt 40 MW...............cocociiiiciiieeee. 56
The filled pack weighting of cooling 1 and cooling 3....................oae. 57
Conductivity results of CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5,
10 mg/l respectively) at loading 40 MW.... ..., 58
Corrosion rate of CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5, 10 mg/l
respectively) at loading 40 MW ... ... 59

Relation between corrosion rate and total dissolved solids.................... 60



Figure

4.3.1.11

4.3.1.12

4.3.1.13

4.3.1.14

4.3.1.15

4.3.1.16

43117

4.3.1.18

4.3.1.19

4.3.1.20

4.3.1.21

4.3.1.22

4.3.1.23

The result of corrosion coupon analysis for cooling water number one to
four after StUAY ...
Shows percentage (%) in control of microbiological analysis between
CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5, 10 mg/l respectively) at
[0ading 40 MWV . L
Percentage (%) in control of Calcium hardness between CW#1 (un-

dosed) and CW#2,8, 4 (Dosed 3,5;/10:mg/ respectively) at loading 40

Percentage (%).in"control of phosphate between CW#1 (un-dosed) and
CW#2, 3, 4 (Desed 3, 5, 10 mglllll respectively) at loading 40 MW............
Percentage (%)fin gontrol of pHib:étween CW#1 (un-dosed) and CW#2,
3, 4 (Dosed 3, 5410 mg/l.-'re;ped'}ive'ly) atloading 40 MW....................
Percentage (%) in Contfo|l_of Conajt{.ptjﬂ_vity between CW#1 (un-dosed)
and CW#2, 3, 4 (Dosed 3,,5, 10 mg/_l .respectively) at loading 40 MW.......
Percentage (%) in cohtrolof iron tiéh&g‘en CW#1 (un-dosed) and CW#2,
3, 4 (Dosed 3, 5, 10-mg/i 'respectiQ;éI§}¥at loading 40 MW.....................
Percentagef%@é%n%en%@#ef—ﬂ%b&dﬁy—beweepr@w# (un-dosed) and
CW#2, 3, .4‘(Dosed 3, 5, 10 mg/l respectively) at Igading 40 MW...........
Percentage (%) in control of Fee chlorine between CW#1 (un-dosed)
and(EWH#H2, 3, 4 (Dosed 3, 5,10 mg/l'respectively) atloading 40 MW......
Perceéntage (%) in control of corrosion rate between CW#1 (un-dosed)
and CW#2, 3n44Doesed 3, 510 mg/Ifespectively) lat loating'40 MW......
Cooling efficiency results between CW#1 (un-dosed) and CW#2, 3, 4
(Dosed 3, 5, 10 mg/l respectively) at loading 40 MW.................ooeee.
Temperature approach results between CW#1 (un-dosed) and CW#2, 3,
4 (Dosed 3, 5, 10 mg/l respectively) at loading 40 MW.............c.coevven..
Heat rejection between CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5,

10 mg/l respectively) at loading 40 MW.... ...,

Xiii

Page

63

63

63

63

64

64

64



Figure

4.3.1.24

4.3.1.25

4.3.1.26

4.3.1.27

4.3.1.28

4.3.2

4.3.2.1

43.2.2

43.2.3

43.2.4

4.3.2.5

43.2.6

4.3.2.7
43.2.8

Xiv

Page
Average of cold water temperature between CW#1 (un-dosed) and
CW#2, 3, 4 (Dosed 3, 5, 10 mg/l respectively) at loading 40 MW............ 69
Average of temperature approach between CW#1 (un-dosed) and
CW#2, 3, 4 (Dosed 3, 5, 10 mg/l respectively) at loading 40 MW............ 69
Average of heat reject between CW#1 (un-dosed) and CW#2, 3, 4
(Dosed 3, 5, 10 mg/l respectively) at loading 40 MW...............ooeieae. 70
Average of cooling efficiency between.@W#1 (un-dosed) and CW#2, 3,
4 (Dosed 3, 5, 10 mg/l respec"tfvely) atloading 40 MW.............ooeeene, 70
Deviation of cogling efficiencywith CW#1 (un-dosed) and CW#2, 3, 4
(Dosed 3, 5, 10/mgil respectively) and specify design at loading 40
NUTR A ; ................................................... 71
lllustrate the coaling diag-ra;n at'plant 3 during study at loading
megawatt 50 MVA. . & AT J W N M 72
Turbidity between CW#5 Lun-doéeﬁland CW#6,7 and 8 (Dosed 3, 5, 10
mg/l respectively) at feadmg 50 M\N ................................................. 75
Mass balance after dosed deterge-nt atG 5 and 10 mg/l. The
suspended sehewh@heeeumela%ed—%mmekeack is decreased when
detergent istincreased to 5 and 10 mg/I............‘ ................................ 77
The visual inspection of filled pack cooling 5 and cooling 7.................. 78
Conductivity'restlts between CW#5 (Un-dosed) and GW#6, 7 and 8
(Doséd 3, 5, 10 mg/l respectively) at loading 50 MW............cooooeinne. 79
Relation0f % suspended solid rémove in“bulk watér'by detergent and
COOlING EffICIENCY ...t 78
Corrosion rate between CW#5 (un-dosed) and CW#6, 7, and 8 (Dosed
3, 5, 10 mg/l respectively) at loading 50 MW..........ccooiiiiiii 80
Corrosion coupon after study for cooling system number 5, 6, 7 and 8.... 81

Percent in control of microbiological analysis between CW#5 (un-dosed)

and CW#6,7,8 (Dosed 3, 5, 10 mg/l respectively) at loading 50 MW....... 81



Figure

4.3.2.9

4.3.2.10

4.3.2.11

4.3.2.12

4.3.2.13

4.3.2.14

43.2.15

4.3.2.16

4.3.2.17

43.2.18

4.3.2.19

4.3.2.20

4.3.2.21

A1

A2
A3

XV

Page
Summary (% in target) of calcium hardness between CW#5 (un-dosed)
and CW#6,7,8 (Dosed 3, 5, 10 mg/l respectively) at loading 50 MW....... 82
Summary (% in target) of phosphate between CW#5 (un-dosed) and
CW#6,7,8 (Dosed 3, 5, 10 mg/l respectively) at loading 50 MW............. 82
Summary (% in target) of pH between CW#5 (un-dosed) and CW#6, 7, 8
(Dosed 3, 5, 10 mg/l respectively) at loading 50 MW................coeeel. 82
Summary (% in target) of conductivity between CW#5 (un-dosed) and
CWi6, 7, 8 (DOSEA 2. 5,10 may/l respectively) at loading 50 MW............ 82
Summary (% intarget) of total iron between CW#5 (un-dosed) and
CW#6, 7, 8 (Desed 3, 5, 10 mglllfl respectively) at loading 50 MW............ 82
Summary (% indarget) of tdrbidttdj"between CW#5 (un-dosed) and
CW#6, 7, 8 (Dosed 8, 5,10 :mg/l":.}respectively) at loading 50 MW............ 82
Summary (%'In target) of ehlorinzej-gvy#5 (un-dosed) and CW#6, 7, 8
(Dosed 3, 5, 10'mgll respectivelymtloading BOMW...ooiiiiiiiii 83
Summary (% in target) oF oorr05|orr rafe CW#5 (un-dosed) and CW#6, 7,
8 (Dosed 3, 5, 10 mg/- respchvely} ataloadmg 50 MW, 83
Cooling effrcreney—leetween—@W#é—Gen—eleeeel%and CW#6 7, 8 (Dosed 3,
5,10 mg/l respectlvely) at loading 50 MW...... " b e 84
Temperature approaoh between CW#1 (un—dos’ed) and CW#2, 3, 4
(Doged 8, 5,110 ma/l'respectivelyyatioading 50 MW=, ...........ooooevnen. 85
Heat fejection between CW#5 (un-dosed) and CW#6, 7, 8 (Dosed 3, 5,
10MQYl respéctively)ratliodading SOMW 4 A L1 O 00 86
Average of cooling efficiency between CW#5 (un-dosed) and CW#6, 7,
8 (Dosed 3, 5, 10 mg/l respectively) at loading 50 MW........................ 88
Deviation of cooling efficiency with CW#5 (un-dosed) and CW#6, 7, 8
(Dosed 3, 5, 10 mg/l respectively)and design at loading 50 MW............ 88
Summary the mass balance of cooling water and calculation................ 98
Relation of Loading, Cold Temperature & Back Pressure...................... 101

Graph of impact cold water temperature on efficiency loss................... 103



XVi

A4 Summary graph of heat rate penalty (%) value for each of detergent

condition of 3, 5, 10 M/l ..o

AULINENINYINT
RIAINTAUNM TN



CHAPTER |

INTRODUCTIONS

1.1 Introduction

Cooling towers are widely used in industry, such as industrial power

W/})’ﬂg plants and chemical petrochemical
7Z,
9 .

‘are desi | a hot water stream, which

generation plants, refrigeration a

industries.

The cooli

received the heat fro - some of the water into an air

stream. Hot water co nly over the top deck of the
cooling tower. Then let water and is broken into
small droplets as it pass ) '_T i ubair and Qureshi, 2006). This
section called “tower filled [ ‘5: | ack normal make from plastic
sheets to provide maximu rfac co—F 1 details a general cooling tower

diagram.

Aue
AR

Figure 1.1 Cooling tower diagram.

The material of fill pack in utility power industry is plastic film-type
because of its excellent cooling capabilities, compact design. Fill packing materials is
able to form a film of hot water on a very large surface contact area between water and

air. For example, hot recalculating water (27-38°C) pass though the cooling tower can



be cooled up to -1.11°C with only a three or four foot depth of this fill material (Nalco

company, 2005:43-266, 2007:1).

Over the past several years, the utility power industry has experienced
that these high efficient cooling tower filled materials are subject to fouling, due to the
manufacturer differences in fill design (McCarthy and Ritter, 1993). Actually, this also
depends on types of makeup water quality;and tower operating practices. The fouling in
fill pack can cause from a small amount ofsnucleation or water-formed deposit on fill

pack.
d

Almost the serious cases, filled pack replacement is required due to
dramatically decrease in ceoling iower pérformance. Fouling may cause high discharge
water temperatures that cah décrease the éfficiency of steam condenser. This situation
may result in fines ‘Or unit Shut, down? by government agencies for violation of
environmental permits. . J |
1.2 Current Problem of Suspended 'é"olid fotif‘.st"jr-) fill pack.

d Jaind 222 )

The eight cooling-systems hqve',smilarly serious problem of suspended

solid matter fouling in;leed pack due to high turbidity in_(hakeup water. This impact is

due to suspended soliduis fouled in filled pack. The suspended solid blocks channel of
hot water flow down to"contact with inlet air. The hot watér temperature is rise up over

acceptable limited(550€) due tordecrease af-coaling efficiency:
1.3 Motivation

Plant must'replace‘the new filled pack for'eight coolingtowers every year
because of the hot water temperature is higher than acceptable limited (550C). The

replacement cost is 8 million Thai baths.

From theory, the suspended solid in fill pack can be removed into bulk

water by using detergent chemical. If suspended solid is removed from filled pack, the



cooling efficiency will be enhanced. And plant can save the cost of filled pack

replacement.

1.4 Research Objective

The research objective is to investigate the effect of cooling tower

efficiency and water chemistry after dose with detergent chemical. And to determine the

optimized dosage of detergent ch

1.5 Research Scope

1.5.1 CV ', _ 10t water temperature, wet bulb

temperature load megaw ( , rrosion rate, and microbial during

the study.

loading megawatt 4OEwd 50 MW. e optinme dosage of detergent and

improve cooling efficiency tesmeet the design, value.

1.6 Benefit frorﬂw;uesg!r:; Qn 8 ﬂ ‘j w EI ’] ﬂ ‘j
q‘ W TS ol ”uﬁea@tﬂ%}@é’ﬂf detergent.

1.6.2 Minimize the heat penalty by increase cooling efficiency

1.6.3 Get the lowest cold water temperature to reduce turbine exhaust

steam backpressure, thus maximizing efficiency of the turbine.



CHAPTER Il

THEORY AND LITERITURE REVIEW

2.1 Theory of cooling tower system

This system consists of three main pieces of equipment: the recirculating

water pump, the heat exchanger or processing unit and the cooling tower.

Cooling or Heating . 4 | Hot
Equipmenie _'-‘C-DELF:a

Pr—_ e _“Heat

- I A Pump Exchanger

" d ) ) R

Figure2.1 .1>'-'The Cobliﬁg system diagram.

Because the ¢ooling tovver'-!'j?_the site where evaporation removes heat

from the water they are called “wet towers”, with the cooling water coming in direct

contact with the air that flows upward in the tgnwe_r

Wate'r fobming from the heat exchanger is pi[:lfnped to the top deck of the
cooling tower. It fall déwn and is broken into droplets a§v it passes through a series of
splash plates, called tower fill, This “fillpacki.ean be corrugated plastic sheets, wooden
slats, or other devices thatsprovide maximum surfece area. (The splashing and film
forming action increases the amount'of surface area, breaking upsthe water molecules

and enhancing evaporation.

During the water droplets pass through the tower fill, the hottest
molecules break away from the water and are carried Y and out of the tower with fresh
air. Called “Evaporated water”. The remaining cooled water collects in a tank at the
bottom of the tower, called the basin. This cooled waer can now be pumped back into
the heat exchanger. These designs are chosen where larger temperature changes are

desired, and where the cost of water drives the “closing up” of the system so the water



can be reused. The drawback to this, is that water evaporating over and over,
concentrates dissolved and suspended solids. These solids eventually reach a
saturation point and begin to precipitate and deposit. Treating the water can extend the
saturation point, prevent scaling and corrosion, and also conserve water (Nalco

Company, 2005:43-266, 2007:1).

2.1.1 Types of Cooling Water Systems

Recently, T

]

M()ﬁg towers: the natural draft and
;

\. ——

mechanical draft cooling -

2.1.1.1 Natural draft cc/

Norma - difference in temperature

between the ambient r. Normally hot air will move
upwards through the to ool air is drawn into the tower
through an air inlet at th iagram of the tower, no fan is
required and there is almo

These cooling towers are mmﬁ

structures are expensive

AUt
ARAINT

hat could affect the performance.

eat duties because large concrete

|

Figure 2.1.2 Natural draft hyperbolic Cooling Tower (Nalco Company, 2005:43-266,
2007:1).



The natural cooling tower type in figure 2.1.2 shows air draw up through
the falling water. And the fill is therefore located inside the tower, although design

depends on specific site conditions.
2.1.1.2 Wet Evaporative Cooling Tower: Mechanical draft cooling tower

The common concept of type of cooling tower is the wet (evaporative),

water changes to vapor, h is 0 t!f
remaining water. Wet evaé/v
natural draft towers. / j

Mechani

which a portion of the recirculatin aporated. When some of the hot cooling
atmosphere thereby cooling the

scrlbed as either mechanical or

rce or draw cold air through

circulated water to rem over fill surfaces, which help

Figure 2.1.3 (a) Force draft (b) induce draft cooling tower (Nalco company, 2005:43-
266, 2007:1).



The recent many cooling towers are designed to two or more individual
cooling towers or “cells.” The number of cells they may have eight-cell tower, often
refers to such towers. Multiple-cell towers can be lineal, square, or round depending
upon the shape of the individual cells and whether the air inlets are located on the sides

or bottoms of the cells.

The major components.of a cooling tower include many parts such as
the fill pack, cold-water basin, drift eliminators, air inlet, louvers, nozzles and fans. All will

be described below. (Nalco-Company, 2905: 43*45:2007:1).

2.1.1.2.1 Fill Racking. Most towers using fills which often made of plastic
or wood to facilitate heat_iransfer by ma"zdmizing water and air contact. There are two

. a8

types of fill: 14
Splash pack type: vv-aterfallé‘oi/er successive layers of horizontal splash
bars, continuously breaking into-smaller droplets, while also wetting the fill surface.

i ;__
Plastic splash fills promote better heat transi‘é‘r_fthan wood splash fills.

#esr b4

Fill pack type=consists of ’Ehin}#e#osely spaced plastic surfaces over
which the water spreagisTfozming_a_thinij_in contact Witﬁ the air. These surfaces may
be flat, corrugated, Honeycombed, or other patterns. The:?ilm type of fill is the more
efficient and provides same heat transfer in a smaller volume than the splash fill. (United

Nations Environment Programme TUNER]; 2006:2:3).

The type of fill packing material sused in the caoling tower has an
important pottion te previde a.verydarge surface area for evaporative lheat and mass
transfer t0 take away hot water to ambient air and increases the contact time between

the two fluids phases.

Recently, the new type packing was used in evaporative cooling
systems. This packing was shown in below figure 2.1.4 (a) and 2.1.4 (b). It consists of
vertical grids between walls in the form of zigzag channel. The concept is that: the

ambient fresh air enters by the bottom of the tower and arrives by the top of that while



crossing several times the vertical grids, whereas the water is conducted at the top of
the tower and flows along the vertical channel. The concern is that, the change of the air
flow direction several times within the tower fill will get a better condition that can
improve the heat and mass transfer between water and air inside the cooling tower

(Boumaza, Lemouari and Kaabi 2010).

- - A A
- . l Water
. w7
4 .
|
1
1

/
.
\ Air
o L
# 14 (. -7

. // Zigzag wall

dy - | Vertical grids

s < 4,
Figure 2.1.4 (a) Tower film-fill pack type CNE;?p, 2005:42-266, 2007:1) (b) working

principle of zigzag t;}pe ﬁackingm_atterial (Boumaza et al., 2010).

- N

2.1 .1"‘:.2;:4—Geid~wa$epbasmiﬁhe£eld—watepbas’in is area that receives the
cooled water which iS-jUS’[ removed the heat and flows down through the tower and fill.
The basin usually has aﬁsump or low point area for the coia—water discharge connection.

In some forced drait countér flow design, the, wateriat the bottém of the fill is channeled

to a perimeter trough that functions as the coldwater basin.

2.1.4.2.5 Drift eliminators.these capture water droplets entrapped in the

air stream that otherwise would be lost to the atmosphere.

2.1.1.2.6 Air inlet this is the point of entry for the air entering a tower. The
inlet may take up an entire side of a tower or be located low on the side or the bottom of

the tower.



2.1.1.2.7 Louvers generally, cross-flow towers have inlet louvers. The
purpose of louvers is to equalize airflow into the fill and retain the water within the tower.

Many counter flow tower designs do not require louvers.

2.1.1.2.8 Nozzle these spray water to wet the fill. Uniform water
distribution at the top of the fill is essential to achieve proper wetting of the entire fill

surface. Nozzles can either be fixed

r ray in a round or square patterns, or they

can be part of a rotating assen

(UNEP, 2006)

some circular cross-section towers.

e

21129 C
used in towers. General r
propeller and centrifugal

size, the type of propeller fans us “__isfsi_g rﬂ

s T
B 9
# il '
Ak 42 304
F r
SIaaaN

drift eliminators

| /AN

Hot water

coo

o ——
makeupwaﬁrnt | |'u|_|' Lo |_|

fii 3

Figure 2.1.5 Typical cooling tower components
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Table 2.1.1 Summary the strong and weak point for each cooling tower type (UNEP, 2006)

Type of cooling tower Strong point Weak point
1. Forced draft : Cooling tower: Suited for high air Recirculation due to
air is blow through the tower by a  resistance due to high air-entry and low
fan located in the air inlet centrifugal blower fans  air-exit velocity,
: Fans are relatively which can be solved

by locating towers in
plant rooms combined

with discharged ducts

2.1 Induced draft :

cooling tower

Water enters at top

Fans and the motors
drive mechanism

require weather-

proofing against

cooling tower ering air moisture and
cooling tower

Hot water enters at the top

air enters bﬁ)ﬁj Bﬁ aweﬂ w 5 w ﬂ f] n .-j»they are in the path of

humid exit air

“SGQDW'JTC&‘Q‘?’I"TEM URIINYIAY

corrosion because




1"

2.2 General four water characteristic of cooling water system

2.21 pH measures the relative acidity of the water and is a very
important property for measurement and control of water quality. A common working
definition of pH is that the negative logarithm10 of the hydrogen ion concentration in the
water. A pH of 7 is considered neutral ([H+] = 10-7 mol/L.) Water with a pH > 7 is
increasingly alkaline, while water with a pH < 7 is increasingly acidic. Water with a low
pH tends to be more corrosive, while water with a high pH has a greater tendency to
form mineral scales. Many chemical treatment.programs are designed to work within a

-t
limited pH range.

2.2.2 Hardness.is a meaélure of the concentration of dissolved calcium
and magnesium. Calciumgand magnesium. form a number of compounds having an

inverse solubility with respect o temperat_uldreI: These may precipitate in the hotter parts

4
of a cooling system forming scale deposits:«

\ J
2.2.3 Conductivity is'a measure'of the electrical conductivity of water and
Iy 22l
is determined by the concentration-and composition of dissolved solids in water. Under

o

some circumstances; _conducti\'/“i-ty can ‘be used as a.rough measure of the relative

concentration of dissolved solids in water.

2.2.4 Turbidity is a measure of insoluble chemical species that is
dispersed in arliquidr Goaly~dust; clay pirons=and agvariety«of insoluble precipitates are

examples of suspended solids

Turbidity lis a relative. measure of suspended matter in"a water sample.
Higher turbidity water sources generally represent a higher fouling potential in cooling

systems.(Nalco Company, 2005:43-266, 2007:1)
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2.3 Common Problems of Cooling Water
2.3.1 Fouling Deposit

Fouling is the aggregation of insoluble material through physical

processes. Fouling can be caused by 2 major of sources:

2.3.1.1 Silt — term silt refers to a combination of insoluble particles
consisting of silica and alumina from the earih’s crust and any other suspended solids

that can contaminate the system. The important source of silt is come from Makeup
d

water

2.3.1.2 Suspended solidls— introduce into cooling towers through

contact with air or from turid makeup sourees. Road dust, suspended silt, and clay are

commonly seen. p {
/

The source 0f makeup watef«has a substantial impact on the amount of

e

silt entering the system. Silt from makeup \f\later can generally enter a system in two
,u
ways: Well waters are generally Iow 0 S|It—.aﬂd suspended solids and of consistent

quality Surface waters (nvers Iakes) generally have higher amounts of silt, and the

quality of water is gre’eﬁly influenced by environmental fa’gjors, such as runoff after a
heavy rain or upsets -_in a lake. The quantity of silt in surface waters can vary

considerably from day to day.

Mud and silt from turbid waters usually form hard, baked-on deposits
when they collect on, heat transfer.surfaces. They also.have a.tendengy,to settle in low-

flow (low.velocity) areas'of a'system,‘causing 'deposits.

Additionally, mud and silt can be easily incorporated in a scale deposit,
thus increasing its bulk volume and insulating characteristics. A deposit that is made up
of mostly silica and aluminum is likely a silt deposit. The typical ratio of silica to

aluminum is 3:1 as SiO2 to AI203 (Nalco Company, 2005:43-266, 2007:1).
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2.3.2 Corrosion

Corrosion is the undesirable deterioration of metal or alloys as a result of
interactions with the surrounding environment. It is an electrochemical process in which
a difference in potential exists at the metal surface and between different areas on the

metal surface.

TV

- Ca 2
OoH &1~
RNy i
Oz\ l Fo+2 S0, o,
Fe(OH), | /J Waier
Fe(OH), . ' OH | _~-OH"
Fe® Fa 2 Fod

Ele¢trons
e i

Anade Steel” » © Cathode

Figure 2.3.1 Typical‘corrosion cell. (Na1-bo Company, 2005:43-266, 2007:1)

Electrical current p'as'ses throggh the metal from the area of low potential
to the area of higher potential; -~ Metal diégjc;lygs at the anode (lower potential) and
generates free metal ions (through oxida_t:Er_q_)'_._ _These liberated electrons migrate
through the metal and‘over to ah area of higﬁér potential at the cathode. Here, they are
used in the reduction ro—f other ions or oxygen. In neutral to-alkaline water, the reduction
of oxygen produces hydroxyl ions (-OH). Thus, the pH is‘higher at the cathode than in
the bulk water. _Also iron and copper.ions (Fe3+, Cu2+) are reduced, causing deposits
and hydrogen ions (H+).may evolve-as'gas ‘at the cathode. Asta result of the reactions

at the anode and cathode; metal loss‘occurs at thefanode.
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For copper and its alloys, copper metal (Cu oxidizes to cuprous ion (Cu’)
at a high rate. It forms a thin, defective cuprous oxide film (Cu,0). Cupric ion (Cu2+) is

formed as cuprous ions migrate through cuprous oxide film and are oxidized.

Copper alloying elements such as AL, Zn, As, P and Ni help improve
normal defective cuprous oxide film, by plugging the holes in the film and preventing the
migration of cuprous ions through the film; For this reason, alloys are often chosen for
tube construction because they offer the resisiance to corrosion, and the high thermal

conductance desired for exehangers (Nalco Cempany, 2005:43-266, 2007:1).
d

2.3.2.1 Corrosion influencers.in water treatment

2.3.2.1 J¢pH:#Lower S pH il_s ’generally associated with higher corrosion
rates. The solubility of jrfon and cd‘pper.],nlcreases as pH decreases. Many metals
passivate to a more noble galvahio ser'agesl"- potential by forming a tightly adherent
corrosion product layer. fAn el—ectrolyte!_'?{hat: prevents this layer from forming will

; )
accelerate corrosion. The pHinfluences the'é:;o_fut?ility of oxidized metal ions greatly.

#esr b4

2.3.2.2 Temperature: Higheﬁ;(*iemperatures cause increased corrosion

rates. The rate appro>§im_atelv doubles for every 10°C

2.3.2.3 pissolved solids/"dissolved gases: In general, increasing TDS
(conductivity) makes a better.environment foggorrosion, as electrolyte concentrations go
up. Some ions such jas hardness and alkalinity are benegficial helping to minimize
corrosion; while other ions such as ¢hloride and sulfate can addsto corrosivity of the
water. £Dissolved @mmonia, sulfide, and chloride .are’ extremely. corrosive for copper

alloys.

2.3.2.4 Suspended solid or turbidity: They are sources of pitting and

under-deposit corrosion.

2.3.2.5 Water velocity: Low velocities such as less than 2 feet per second

can cause deposit build-up. On the other hand, high velocity, delivers more oxygen to
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the corrosion site. At real high velocities, greater than 7 feet per second, erosion

corrosion of the protective film may occur.

2.3.2.6 Microbiological Growth: Bio-fouling and Microbial Induced
Corrosion (MIC) are recognized drivers of exchanger corrosion. Some bugs, if allowed
to grow in the system, will eat iron and copper. When dead bacterial matter deposits on

metal surfaces; conditions for a corrosi ell are born (Nalco Company, 2005:43-266,

2007:1).

AULINENINYINT
ARIANTAUNNIINGIA Y
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2.4 Concept of Cooling Tower Performance

In the present study, two parameters are recently used in monitoring the

performance characteristics of the cooling tower

2.4.1 Temperature Approach.

The one appieach-af cooli nance efficiency can be measured
by how closely the cold.wate[t€ 44 in the bwerba in calling “Approaches”. The

ambient wet bulb temPeratlire

';"‘ “L 4 3 \
temperature as the wetbulb te erfu ause of -

ideally efficient. Both range and pﬁr e h@ul ‘b \ itored, the "Approach’ is a one

better indicator of cooling to\

(Cut) from the To'«m

AUEANENINGINT
ARANERBIINIIRNE

Figure 2.4.1 Relationship between cooling range and approach(UNEP, 2006).

Because of the cold-water temperature never reach the wet bulb
temperature. The approach temperature should generally be in the range of 210°C. The
approach temperature is often specified for a given tower by the manufacturer for a

certain conditions, such as ambient temperature, relative humidity, and barometric
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pressure. The design approach temperature can be compared to existing approach

temperature to determine any changes in efficiency.

2.4.2 Cooling Tower Efficiency

A cooling tower is mainly designed to cool circulating water from a

process. As such, the definition for the cooling tower effectiveness is described as the

rgy transfer. Note that the dimensionless
r Ilterature is defined as the ratio of

., 2010).

In cooli (Yingjian, Xinkui and Jiezhi,

2010), the heat transfe

Inlet cooling water tempmature °Cc

tWII‘I

ﬂ‘UB ANBIENETIT

Average inlet Wet bulb temperature °C

b|n

The actual heat transfer equation given off by the water during its fall is

expressed as follows.

dQ = ch,w (tw,out - tw,in) ()
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The maximum possible heat that would be given off by the water is

shown in formulas.

deax = ch,w (tw,out - tawb,in) 3)

And the cooling effectiveness is determined as the ratio of actual to
maximum water temperature drop. Consequently, the cooling tower effectiveness is

express as:

(4)

ge is differential of hot water

and cold water, and aeh ig : ( water and wet-bulk temperature. The

AULINENINYINT
PAATUAMINYAE
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2.5 Current problem of fouling problem in fill pack and root-cause identification

Generally filled pack is fouled by the deposition of either inorganic scale,
suspended solids (silt) or biological growth. Occasionally deposits from film fill exhibit
one predominant type of fouling. However, the actual deposits are combinations of
these materials, and it is difficult to determine the one component that “caused” the

deposit (Nalco Company, 2005:43-266, 2007:1).

The eight co@ /e used to study have similarly a
serious problem of suspem‘u‘é foding &ﬂng. It was blocking channel of

heated water flow to con rac

9
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Figure 2.5.4(a) and (b) shown the fouling problem (90-95%) in fill pack CW#7 and CW#8
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Table 2.5.1 identifies four samples of deposit analysis of fouled fill sections, elemental

composition of fill deposit (weight percent) of dried sample by X-ray Fluorescence.

Silicon  Aluminum Iron Calcium Phosphorus

Sample % SiO, % ALO, % Fe,0, %CaO %P205

CW#1 51 15 1 5 1
CW#4 57 16 2 5 2
CW#6 49 4 2
CW#8 4 1

.'

of fill pack cooling tower deposit.

Figure 2.5.6 mary of the majo

2.5.1 Cause frﬂ ﬁg};ﬁsw EJJW %”w EJ ’] ﬂ j

able 2.5.1 shows the deposit analyses of four samples from filled pack

materiah T feshplieteinipred &) 3eckoih ohibed doftfoant amount o

silica (quiartz) and aluminum.
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Table 2.5.2 shows silicon (Quartz) and aluminum ratio of deposit analysis

Sample  Silicon / Aluminum ratio

#CW1 3.4:1
#CW4 3.6:1
#CW6 3.5:1
#CW8 4.1:1

The ratio of silica-and aluminum in table 2.5.2 can identified that all
samples were silt matteri®Because the general ratio of'silicon: aluminum to identify silt
matter for unknown samples®is betvveenl4:1 and 5:1. (Nalco Company, 2005:43-266,

2007:1) v

These cangconclude that "pll‘-isample fouled in fill pack was type of
suspended solid (silt and clay material). J o
y f)
2.5.1.2 Root-cause of suspended solid fouling,—-_ihj-filled pack.

2.5.1.2.1 Silica'c'omp'onent cc:j-%"é-‘f“rOm Silt apd clay that are usually finely
divided colloidal matefia&s—tha%haxfeﬁ—ﬁegaﬁv&ehafge%ﬁe'lélectrostatic charge on the
surface of the fill itée;lf ‘may contribute to deposition. Pa"rtl:le size is also believed to
contribute to the deposif of suspended solids; the smallér the particle size, the greater

the tendency to:'stick” ‘ar deposit.

The temperature of the cooling water also affects viscosity of the water,
the movement of suspended solids;and. the effectiveness._of treatment chemicals. The
water is slowed as it passes as a film from the top of the tower to the bottom. This
decrease in velocity also decreases the ability of the water to rinse or dislodge

suspended particles from the fill surface (Nalco Company, 2005:43-266, 2007:1).

All of these factors can contribute to the deposition of suspended solids

within the fill pack.
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2.5.1.2.2 Aluminum component fouling was come from aluminum sulfite
(Alz (504)3. 18H2 O) or Alum which is used as coagulant for raw water clarifier

system. Alum will react with alkalinity (HCO;) in water. The produces is description.

AL, (S0,).18H,0 + 6HCO3 — 2A1(0H); +
350;2 + 6C0, + 18H,0 @

The aluminum sulfite’ will ‘hydrolyze then to form aluminum complex
(AI(OH)3) which can fouled into surfaee .material as deposit fouling (Nalco
company, 2005:43-266, 2007:1): 4

This isweonsistent with ttlwe mud-like appearance of all the deposits
encountered. Normally;  utility povver plént show very high levels of silt within the
deposits. Suspended solids such as sulb clays or hydrated metal oxides are the
materials most commonly found in f|lm f|||v’dep03|t samples. With seasonal rainfall and
runoff cycles, the suspended solids 'levels o'f'-*cooling tower makeup water sources often
become extremely high (>1000 ppm) Sift typ; materlals have been known to completely
plug film fill packing in as little as ﬂve years 6Ffovver operation. In other cases, extremely
low levels of suspended SO|IdS (<10 ppm) have caused large decreases in tower
operating efficienciésfés discussed in the following Caée,,history. Several factors are
contributed to the depoéition of suspended solids on the plastic PVC film fill surface. The
results of deposit analyses frem cooling tower.fill must be combined with water analyses
of both the quality imake-up-waterjand plant operating conditian (high heat flux rate).

This information, along with the analytical results of.fouled fill sectigns, is essential for a

thorough evaluation, of the cooling.system.

One possible root-cause of serious fouling problem in fill pack of cooling
system is poor control of raw water quality; the turbidity was over target at 81%. To
enhance the removal suspended solid, aluminum coagulant was considered to
increase. This reason why the deposit analysis fouled in fill pack was component with

Silicon (Quartz) and aluminum.
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Deposition of suspended solids has been effectively controlled with
anionic (negatively-charged) polymeric dispersants. This treatment chemical works
through a mechanism called “charge reinforcement” where the negatively charged
polymer acts to repel or disperse the solids particles. Once treated with the dispersant,
the solids are removed with the normal cooling tower blow-down. Cleanup of film fill that

had been fouled with silt deposition has also been demonstrated with this copolymer

Operationgof.the cooling system at high cycles of concentration often

results in higﬂ)ur&] %IWE})W% ‘waﬂ ’]riﬂt‘jo precipitation of the

dissolved solldsu:lgure 2.5.10 shows‘the effect of pH on mineral sowmty

QW’]Mﬂ‘ﬁﬁUﬂmﬂ'ﬂmaﬂ
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Effect of pH on Mineral Solubility
at 50°C

-
[=]

—CaCo3
— =Gypsum

Saturation Ratio
O = MW A D - @ D

| Y
inhibitors have achieved s S € eat efficiency that this fill has

for concentrating dissal ed salts, it is sometlmes not pos ble to control scale formation
and subseque r quality or the use of
water treatme Eﬁﬁq’ﬂﬂﬂgs to ﬁ:lnv.g:ge sections of the film
fill to ﬁ é( solved solids.
Howev;ﬁ ﬁj aﬁ ﬁ ﬁm ﬁﬁl WEJ:INL ch may prove

effective forthls problem. (McCarthy and Ritter, 2006)
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2.5.3 Cause from Biological Deposits

Biological activity within cooling tower film fill includes many types of
organisms such as algae, slime-forming bacteria, sulfate-reducing bacteria, iron and

manganese fixing bacteria and others.

Table 2.5.3 identify the loss of ignition and FT-IR for microbial analysis

L

L0l 22

The high i6ssonfgnitidn at e ranging from 20-43% for all samples)
L . “#.. ;2:' J ¢ . . . .
reflects that a substantial jpor ﬁ"‘d‘f‘;a mplés are organic and biological in nature
s )

(Nalco company, 2005:43-266, 200 T:IR of CW1 was bio slime.

\

Algae.deposits often ; fill layers where sunlight
reaches the surface. Tms can form an initial deposit allming silt and other material to
collect; the pﬁ procé,ﬂproceeds fromithere. Bacteriajrowth can proliferate

I hedi K1k fing db&hollFd,

particularly troublesome and contribute to furthersdeposition of suspended material.

soog) Pt BT b S Whelvae ) fehodGleteliomea. A tayer

of scale and/or silt can form a substrate for both aerobic and anaerobic bacteria to

throughout the'd The slime formers are

proliferate within the fill pack.
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2.6 Concept of detergent to remove fouling in filled pack material.

Chemical detergent is a nonionic detergent for removing and
dispersing microbiological-based slime, algae and silt deposits on surfaces. As a
detergent, disrupts biofilm integrity removing surface deposits and facilitating biocide
penetration into the slime. As a dispersant, Detergent dislodged biofilm aggregates into

the bulk water preventing redeposmgr tergent removes surface deposits through a

combination of chemical squszQ}Q’ % | scrubbing by entrained air bubbles.
Mf dderg ‘%o very effective at removing

onents other than tower fill. It may

biological and silt-base

be used as a general de

Hvdrophobic and ,f’

qu%wﬂmwm
R4

Figure 2.6.1 Functional of detergent to remove fouling film from surface and individual

molecule of detergent. (Nalco Company, 2005:43-266:2007:1)
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Detergency is the process where a surfactant removes solids or organic
materials from a surface to which it is attached. The soil and surface and the choice of
surfactant are important considerations in detergency. Detergency is ideally associated

with complete solubilization into a clear solution.

Table 2.6.1 physical and chemistry property of detergent
Liquid

Light Yellow

1.1 kg/!

Form

Visco ‘Jf/ -1' 450 cp
Visco 4@'51/ ‘\\\\\ 00 cp
visdosi/@AY'd, 4 10%0cp
uﬂff Eﬂ\\\\\\\.\ 0cp
Flash Jl >93°C

s egbinf . o T 4 W\ s

None

‘.'T,:. :
Component Function
Blend of alky L Detergent

Vi X

E 9
ﬂﬂﬂ’)ﬂﬂﬂiﬂﬁﬂ‘i
QW']MﬂiﬂJ AN Y
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2.6.3 Detergent Mechanism

A detergent molecule is composed of two distinct ends a long
hydrocarbon tail that is neutral (not electrically charged) . And the other end has either a

strong electrical charge or is a polar group (like -OH).

The end that carries an electrical charge is soluble in water (hydrophilic

or water-loving). The hydrocarbo lled hydrophobic (water-hating) and is
) ( ‘ nd petroleum oils. It is because of
this balance that surfa a'to ﬁd solubilize soils and act as

i _‘\

va |ng end into the water. (Nalco

water-hating end is capable of

) which surfactants function, are

e process where a surfactant

Detergency In the most basi " \\

removes soil (solids or orga tetials) fromta s 1 |Ce to which it is attached. The soil

and surface and the choice of sUffacte e important considerations in detergency

ﬂ‘UEHﬂEJW?WEHﬂ‘E
qmaqmm AN Y
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2.7 Literature Review

This section will be present the literature review during year's 1995 —
2010 of approaching of cooling tower improvement by vary air flow, water flow, inlet

cooling temperature with using cooling tower characteristics to evaluate the result.
2.7.1 Increase cooing efficiency by variation of physical property.

G.A Ibrahim and M.B.W Nabhan(lbrahim and Nabhan, 1995) has been
studied the model in a falling film packing with.eéunter flow force-draught cooling tower
)

in 1995. The dimensions of the«tower are hypothetical. One parameter is also described

here is the tower efficiency:

\

|
The controlled Parameter was the filled packing length and height. And

—

variable Parameter were
Water Flow rate
Air Flow rate ] £

Inlet wet bulk temperatiire _J‘

o g a S
el

The result shov;/ tﬁe liquid the}nﬁal resistanceé reduces when the interface
water temperature andnrhence affects the cooling tower berformance. It has also been
shown that increasing the tower characteristic and/or reducing the mass flow-rates ratio
can enhance the cooling ftewer performance. The efficiency can be increased by

increasing the towercharacteristic and/or reducing the flow, ratetratio.

JamEel-Ur<Rehman 'Khahn, [M. Ydqub,|Syed ! Zubélh (Zubair , Rechman,
and Yaqub, 2002) shown the reliable computer program model of a counter flow wet
cooling tower in 2002. They has been used to study the heat transfer mechanisms from
a water droplet as it moves from the top to the bottom of the tower, while the air is forced
vertically upward. One parameter to use here is approach. The cooling efficiency and
tower characteristic were used to evaluate the modeling. The Controlled Parameter were

range of volume of tower, fill packing size. And variable Parameter were

Heat Rates
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Water temperature

The results clearly demonstrate that with an increase in water mass flow
rate for the same fill packing, the surface area required both for convection and
evaporation is reduced, resulting in higher water outlet temperatures and reduced heat

transfer rates.

M. Lemouari, M. Boumaza/ (Boumaza et al., 2010) has enabled to
investigate the effect of the air and water flow raies on the effectiveness and the heat
rejected by a counter flow wet cooling toWer filleaWith'a VGA type packing in 2010. The
tower efficiency and towes*characteristic were used to evaluate the study. The

Controlled Parameter wegé inletswater ﬂemperature, fill. packing sizing. The variable
parameters were water flow rate ek T

i
\ &

The results show decresfgin"g of cooling tower efficiency will be

increasing with water/air mass flow ratio, /G, whereas it increases with increasing the
: *

o Y
inlet water temperature, and higher water ﬂow,.r_,ajtes provided the ambient air conditions

remain constant. Higher values of&" are oﬁihed with an L/G ratio of approximately

1.25 at higher inlet water temperéture, for the BDR regime |

Li Yinéjian, You Xinkui, Qiu Qi, Li Jiezhi (Yinz;jian et at., 2010) has study
on 2 systems consist ofw-centrifugal chiller units mounted uhderground, and three cooling
towers mounted. are parallelly ‘connected and'operated: The“eooling efficiency, tower
characteristic and thermal efficiency were used to evaluate the study. The controlled
parameter were inletywater temperature, filllpackingysizing: Theyveriablel parameter was

water flow rate.

The result show the larger the mass rate ratio of water and air is, the
lower the thermal efficiency When the air conditioning load is increased, it is needed to
increase the air mass rate to maintain the thermal efficiency constant. When the latent
heat transfer process is predominated, certain water supply needs to be maintained. If

the dry bulb temperature of the entering air is obviously lower than the entering water
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temperature, and that the relative humidity is on the higher side, the total heat transfer
will be predominated by sensible. The serious filling clogs in cooling tower could
significantly influence the mass flow rate of the water and the air, as well as process of

the heat and the mass transfer.

2.7.2 The Study of fouling in filled pack material.

Wir (Zubair et al., 2006) have presented
@ne, packing and rain zones. The

importance of incorporati C '@Iighted. In this regard, a case

Bilal, Qureshi, Sye

L9

study is presented to spray and rain zone models in
conjunction with the pac ng and performance evaluation
purpose

A compu ring Equation Solver (EES) for
solving the above equatio operties of air-water vapor mixture are
needed at each step of the ich are obtained from the built-in

Il‘v 4
functions provided in EES. The~ s the dry-bulb temperature, wet-bulb
a-';ﬂ"""i"”} '} | S

temperature and hurﬁdlty ratio of air as(we ES r?erature at each step of the

calculation starting frorm air- =

onr source of cooling tower

B ﬂﬁmﬂﬂ I
"yRANTUNNING 1Y

I
The CoJclusion is that fouling is a
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2.7.3 The Study of chemical removes fouling in cooling system.

T. Reg Bott (Bott, 2009) has studied about common chemicals is used in
fouling removal is a biocides. This may be classified as oxidizing or non-oxidising.
Oxidising chemical include with group of chlorine and chlorine yielding chemicals,
ozone, and hydrogen peroxide. Amongst with the non-oxidizing compounds are amines,

heavy metal compounds, aldehydes, organo-bromine compounds, and isothiazolones.

B
-

R

Il
i¥ |

AULINENINYINT
AN TUNNINGA Y
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Table 2.7.1 Summary the literature review during 1995 — 2010.

Author Name Year Variable parameter Study Method

Study the method to increase cooling efficiency

G.A lbrahim and 1995  Water Flow, Air Flow and  Reducing Liquid/Gases ratio.

M.B.W Nabhan Inlet wet bulk

Jameel-Ur-Rehman Increasing water mass flow
Khan, M. Yaqub,

SyedM. Zubairin

M. Lemouari, M. ncreasing water mass flow

Boumaza

Li Yingjian, You Vary water / air mass flow

Xinkui, Qiu Qi, Li

Jiezhi

Study the fouling in filled g

Y
mComputer program.

06
Study the chemical removes feuling in cooling system

oo F) W kg NEVIIWETT)]

Qureshi, Zubair

iocide to prevent fouling

QRAINTUANIINYA Y



CHAPTER 1lI

EXPERIMENTALS

3.1 Plant diagram and parameters for study

Open cooling water system for testing is used at steam turbine

condenser to condense low pressure steam into liquid phase as detail in figure 3.1.1.

””””””” Sivilal
S -

Cooling tower

L3

w -‘g(w}f ad oy
NIl
al-i-’“' e

o o lleras feedwater

haft :peed Yariable Loading (M)

Figure 31 ﬁ.%ﬁgfggcgq mq SRIEAT 12 > T———

‘processmg

RIAINIAANII DAL, corcane

towers Counter flow, which has similarly status.

The make-up water of cooling system in figure 3.1.2 is caming from
pretreatment system of raw water source that consists of lamella clarifier and clarified

water tank. The pretreatment does not have filter to polish the effluent of clarifier.
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The testing consists of eight cooling towers which are similarly operated.
Two of the cooling towers are not dosed with chemical program (blank) while others are

dosed to remove foulant in fill packing.

Raw water Resenvair

F |
\
_‘i e ﬁ >
ot |

o

LW e ]
Figure 3.1.2 the overalldiagram of eight cooling towers on twoplants that used the one

source of make-up water.

Thelfrequent.of 'sample is 2 time a day. The rntime is 30 days. The
loading megawatt was a variable parameter. The data of inlet and,outlet cooling tower
temperature’and loading megawatts ' were collected by plant’'s computer for every hour.
The inlet"wet-bulk temperature of cooling water was done as daily by manual sling
psychrometer. The flow rates of two cooling waters and electronic power of cooling fans
were kept constant. This testing will proposed 2 important variable parameters.

Loading megawatt which is varied between 40 and 50 MW.

Chemical dosage of detergent which varied between0, 3, 5 and 5 mg/l.
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Table 3.1.1 is detail the variable parameters for using this test.

Variable parameters Unit Vary Range
Loading megawatt MW 40, 50
Dosage of detergent mg/l (ppm) 0,3,5and 10

The evaluating parameters: that will used to evaluate the improving of
cooling during testing at any loading megawativare cooling tower efficiency. Table 3.1.2

is detail the depended parameters for uerjg thistlesi

Table 3.1.2 the evaluating parameter of test

Evaluating parameters WUnit Acceptable Range

Cooling towereffi€iengy” — — = More design (> 0.5087)

)

dd

Others parameter o r'nonitor";:fﬁe"\/vater chemistry after testing is shown in
v £

v ol

table 3.1.3 as follows. = ;;,

Table 3.1.3 the detail of water chemistry for test.

Other parameters Unit Aceeptable Range
Temperatﬁre’ approach e Lower design (7.9°C)
Heat reject KW Higher design (98,348 kW.)
Tunbidity NTU Lower'tham 15NTU
Conductivity us/cm  Lower than 2500 us/cm
Corrosion rate mpy, Lower than 3'mpy
Total aerobic bacterial Cfu/ml Lower than 100,000 cfu/ml

The meteorological conditions during test period were that the
approximately inlet wet-bulk temperature was 27.6-28.30C. The maximum inlet cooling
temperature (hot temperature) was 53°C, and the minimum outlet cooling system

temperature (Cold temperature) was 30°C.
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Because eight cooling towers were in equilibrium with total conditions,
the chemical program, detergent, was only dosed at CW#2-4 and CW#6-8 while CW#1
and CW#5 without chemical program. The data was collected for 2 times / every day to
compare and analyzed the result. Table 3.1.4 shows the typical data and variation

during runtime.

Table 3.1.4 Cooling tower design information for eight cooling towers system.

ltems Unit Design Value
System Volume m’ 1,000 (Constant)
Recirculation rate m’/hr 12,000 (Constant)
Inlet CW Temperature °d 44

Outlet CW Temperatuié A 4 36

Temperature Range o 8

Temperature Approach 'O 7.9

Wet bulb temperature o il 4 28.1

Motor power BKVWfa’h 270 (Constant)
Cooling tower efficiency - = 0.5087

3.1.1 Feeding rate calculation

Feeding rate.is one important, to check during study. The calibration
cylinder is required /to~ensure 'the*feed rate of chemical |is added into water. The

chemical feed rate can be expressed.as follows.

. dosage x blaw down rate
Feeding rate = _ 8)
Density x 60

Where: Unit of feeding rate is milliliter/minute (ml/min)

Unit of Blow down rate is cubic meters / hour (m3/hr)

Detergent density is 1.10 kg/!.
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Table 3.1.5 Feed rate calculations for variation of blow down rate.

Descriptions unit Cw2 Cw3 Ccw4 Cweé Ccwv Ccws
Recirculationrate m’/hr 10031 10029 10032 10024 10040 10018
Range °C 8.08 9.36 9.11 9.8 11 11.3
Cycle - 7.11 6.95 7.05 711 7.08 71

Evaporation rate m’hr  125.3 1451 141.2 151.8 170.7 175.0
23.3 24.8 28.1 28.7

ﬂm 1767 1988  203.6
———

Blow down water ~ m’/hr
Makeup water m°/hr
492 - -

- 9.26 -

- - 18.93

Feed rate 3 ppm

Feed rate 5 ppm 8.0

Feed rate 10 ppm

3.2.1 Sling/psydhrometer BACH) RACH; model 12-1072
3.2.2 Prominent Do

PH) Model: LMI: 6 set

Ry oot e e,

et

=

3.2.4 Pm Ethylene pipe line: 6 set @
AULINENTNYINS
AN TN ING Y
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Figure 3.2.1 ghychromet osing pﬁwf feeding system.

Table 3.2.1 specificatie

Device Range Accuracy
Handheld meter P - 0-14 +0.05
Handheld meter 0@1}{-*2827 @du tivity us/cm  0-20000  +1%
Nalco turbid meter mﬁ'&ﬁooﬁ@%ditx NTU - 0-1000 £2%

Nalco Spectrophotof’ i

5 mg/l 1-25 +1%

Hardness test kit j Titration Ss Jj mg/l 10-200 -

Nalco Colorimetric ¢ DR890 Chlorlne 7 mg/l  0.03-5.00 +1%
Nalco Spectroﬂ %%J 'g %% 1’] j W%ﬂ f] ﬂ ﬁ/l 0.1-3.0 +1%
Nalco Corrosior®Online 400- orr03|on

+10%

ol QN TFIN TN Y T &>

Total Bagteria Dip Slides 500-P1673.88  Microbial cfu/ml Unlimited ~ +15%
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3.2.1 Principle of measurement operating of turbid meter and corrosion rate.

3.2.1.1 Turbidity Measurement meter: The waterproof Turbidity Meter is
ideal for monitoring turbidity in industrial applications. The micro-processor based
turbidity meter uses an infrared LED light source and delivers excellent repeatability and
accuracy while offering resolution as low as 0.01 NTU. This lightweight meter is valuable

analytical tool for field testing and quality. control. An LED light source transmits a beam
]

of infrared light into the sample streai of 45° to the sensor face. A pair of
photoreceptors in the sens e . oﬁht at 90° to the transmitted beam.
It appears on the display i its idity units (or NTU) which come
from a calibrated nephy

3.2.1. I hline onitor g (NCM100): is measured the
electrical current resu ' “applicati f a sm oltage across the electrodes
on the probe (or meas : " _ chemi larization of £ 10 mV between two
electrodes or liner polari _ ;fﬁ he é't 0des are embedded in an epoxy

mounting material to minimiz&- crevice. cofrgsion and improve the accuracy of

measurements. It appears on the display in unif

per year (mm/y). -8(5.‘
j g

AUEINENINYINg
RN INANINEAY

of mils per year (mpy) or millimeters




Table 3.2.2 Detail of test procedure

42

Description of Test Runtime Collect Method By

1. Prepare feeding system of 3 days - Researcher
detergent chemical product.
2. Start to dose detergent at 3, Check the accuracy of ~ Researcher
basin. cylinder
3. Keep 30 days for reM - Researcher
the resulting o
4. Collect the data

Cold and hot cooling  2itimes/-day Online collecting Plant

temperature and loadin . 1S ‘ Program (PI)

megawatt

Wet bulk tempefatur '\5‘ Sling Researcher

@/chrometer
Water chem 2 times/ day Water analyze Researcher
ﬁﬂﬂawaMQWHWﬂﬁ
ORI NN EJ ’Jﬁ dabis P
V|sual inspection (before and
after test) photographic

5. Calculated the cooling tower 10 days - Researcher
efficiency after testing.
6.Investigate the result 15 days - Researcher




CHAPTER IV

RESULTS AND DISCUSSIONS
Study result

The real data which will be collected to interpret in this study are the

temperature cold and hot temperature water, turbidity, conductivity, mild steel corrosion

However, ratty t c@r always has an “Evaporated
water” to carry out the h{ _ remaining water in system will

rate which are collected by plan

uspended solids. To prevent the

limited exceed of s water is added to keep the

concentration within i ater is a problem, especially

r than normal situation (Nalco

company, 2005:43-266, 2007:1). = .. .
‘?ﬁﬁ?}l

@ (ol | o ‘
The test was colle cted the turbidity during pre-post test and following are

“:t—'.w/_,&‘,
the result and discussed. - A S

4.1 The turbidity res

Make-up \Acater, especially turbidity, can cause the fouling potential when

£ b
o BAHGNEN TNYINT
. .q':lrhe turbidity was aﬁal zed by tufbid s eptro hotometer. The turbidity
trend (ﬂ‘hma \a(ﬁ@ C‘sﬂm uMe’r]jg m&lﬁ(@aﬂbefore test and

30 days testing.
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% Turbidity in Spec

[0 % Turbidity out of Spec

Figure 4.1.2 illustrate thqtﬂ)ldny wﬂhm/ouU target (%) of make-up water during test

A ANEDINENDT oo
=R SRR T gy

This can summarize that turbidity from makeup water is always higher
than target required (Out of spec 81.1%). This can cause a fouling problem to cooling
tower. Because of turbidity is represents amount of suspended solid. High turbidity

measurement means high suspended solid matter in system.
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4.1.1 Suspended solid calculation from makeup water.

Figures 4.1.3 illustrates the cooling tower diagram of input water, output
water and evaporate water. From mathematically the mass balance for a system without

a chemical reaction, the mass balance around cooling tower can be expressed.

Input = Output + Accumlation 9)

During study (3 ), t # ed solid was collected from makeup
water and cooling water 7 a week. The analyzed data of

suspended solid of Coolj verages were as following.

J’Dt

Y

¥

A sanen A
TR

N B

Blow down water‘L

Figure 4.1.3 mass balance around cooling tower system



46

Input is subscripted with makeup. Output is subscripted with blow down
and evaporates. But it's due to no suspended solid in evaporating water. Substituent

with mass balance around cooling tower diagram, find that.
SS makeup = SS blowdown + SS e}aﬁrat + SS accumlat (10
After arrangement, find that.

SS accumlation = SS‘makeup — SS blowdown (1)
Where: SS is defined as suspended solidjconcentration (mg/l).

Calculate the suspendedl solid in makeup water, blow down water.

Summary mass balaneé of feuling ac_cumglaj[ion in filled pack is shown in figure 4.1.4.

— =
] 4/
ACCLIMILST id Blow down wets
Juspsndsd solid (kgy (El b T ,F" T 17878
N 4id 1,388
] g
1 -'f-:_--',JFJ
1 "
! .
! i ey
. .‘,“.:a._ =
]
- -“ B-"J“-‘
- Z
————
sk gtz on ] I Basin
Flow rats (m3 T O
Suspendedsolid (kg 2412.43

Figure 4.1.4'mass balance of suspended solid arotnd coolingsystem.

The 1,013 kg of suspended solids is accumulated in cooling system,

some deposit out in the exchangers, but most settle out in the filled pack
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4.2 The wet bulb temperature results in makeup water.

The inlet wet-bulk temperature is one parameter directly effect on cooling
performance (Wanchai Asvapoositkul, Thirapong Muangnoi, Somchai Wongwises,
2008). The lower or highest profile of inlet wet-bulk temperature is caused an inaccuracy
reading of approach temperature by reduce or increase the efficiency of cooling tower.
The pre-test collecting data of wet bulb temperature is done 2 times per day (30 days)

and during test 2 times per day (30 days) by manual sling phychrometer.

30.00

29.50
29.00
28.50

;
A

28.00 {“if *ﬁxﬂféﬁﬁmk‘“wnm
f %
IV, |

oc

27.50
27.00
26.50 il
‘ ; ’:f--
2600 —'— ‘__'-—: — ' - —"IA'-‘;—T_ T T T T

0 10 20°3a7 40 50 80° 70 80 90 100 110 120

¥ o
g A

Figure 4:2.1 The iﬁléi vvét—bulb ténﬁ&aréture profile during study

Figuré‘4;2.1 show profile of inlet wet bulb témperature during test. The
profile is smooth and do not fluctuate (less than 20C). This can summarized that wet
bulb temperatdre fat! study™area: s Inotimpact [t¢ inacctracy reading of approach

temperature andicooling efficiency.

Table 4:2.1 is summarized the inlet parameters Cooling water system 1
to Cooing water system 8 during study. The result shows 81.1% out of target of turbidity

make-up. And wet bulb temperature is constant.
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Table 4.2.1 averages, minimum and maximum value of turbidity in makeup water and

wet bulk temperature during testing.

Parameters unit  Average Minimum  Maximum Target %Out of spec
Make up Turbidity NTU 1.812 0.21 5.63 <1.0 81.1%
Wet bulk Temperature C 28.03 27.8 28.3 - -

\ V/,g/
Y 1/
M Turbidity Make up%‘j" é Wet bulk temperature
| — "l_l @
‘:h..\

6 7/ '|.285 28.3
55 | - ‘

5 | .
45 =] 6.2
3.2 7 .L.i.'. 281

3 -—
25 , T A

15 L

1 . Promgir  Oygep
05 P ka4

0 —

T B
ool

Average  Minimum Alrage Minimum Maximum

N

e #
Vs i

Figure 4.2.2 Graphﬂf average"rrfnlmum axim fofile of turbidity in makeup

= | | 1R

S

T water and wet bulk tempera ture dur ng study.

| — - ]
Discussion on turbidity«kl makeup water and wet bulb te#})erature.

‘a LY
ﬂr%tﬂn@aﬁﬂ%rﬁ Whﬂf@tﬁeﬁj High turbidity is high
suspended solid in makeup Water From the mass balance of suspended solid in
iGN S ﬁ("?ﬂé YRS PR o e oo

accumulated in cooling system = 1013 kg. Most of accumulation will be in filled pack

zone.

The wet bulb temperature in study area is not differential all time. The
average is 28.03 oC. This can summarize that inlet wet bulb temperature which used to

calculate cooling efficiency in this researchis constant.
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4.3 Cooling efficiency and water chemistry after detergent at loading megawatt 40 and
50 MW.

This section will separate into 2 range of loading megawatts (40 and 50
MW). Plant 2 is operated at loading 40 MW and plant 3 is operated at loading 50 MW.

Table 4.3 is description the detail of test.

Table 4.3 descript three of the det (mg/l) at any loading (MW).

Loading Test range of
Location
Detergent (mg/l)

0.0

3.0
Plant 2
5.0

10.0

0.0
3.0
Plant 3
5.0

10.0

Where: CW#1 is defi wf— X'

CWH#3 i water sys

1
o BRI NN
CW#5 is deflne as cooling water system 5 =

Wl b AN Y

CW#7 is define as cooling water system 7

CWH#2 is defineﬂ cooling water system 2

CW#8 is define as cooling water system 8
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4.3.1 Study effect of water chemistry and cooling efficiency after detergent 0, 3, 5, 10
mg/l loading megawatt 40 MW.

The test was proceeded as figure 4.3.1.1 the CW#1 was not dosed.
CW#2, CW#3 and CW#4 was dosed with detergent at dosage 3, 5, 10 mg/l (ppm)

respectively.

Steam condenser

MLHnnnie—o

L

i i
Nl Al A

i Steam condenser

G e\

Cooling #1

A\,ﬂﬂ‘:rjcf‘u;l“e:ﬁ
1 E : | Steam condenser |
- | - | Steam condenser |
L',, ¢ a L"J T
[g 1017 9N | NS
o1 -

1 L L 1 [
Figure 4.3.1.1 illustrate the cooling diagram of plant 2 during study at load megawatt 40

AMIANTUNMINYAY




51

The result was separated into 2 parts. Part 1 is a average result of water

chemistry and part 2 is calculate result.

4.3.1.1 Measurement parameters which consist of

Calcium hardness (mg/l)

1CK (KG) and visual inspection.

_orrosion rate (mpy

ﬂﬂﬂ@'%ﬁl%ﬁﬂﬂ’mﬁ
4312 CaWted parameters which‘Consist of

TR Inenay

Temperature approach (°C)

Heat reject (kW)
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4.3.1.1 Cooling water chemistry result after perform detergent at loading 40 MW.

Table 4.3.1.1 Averaging of water chemistry results for CW#1 (un-dosed) and CW#2, 3, 4

(Dosed 3, 5, 10 mg/l respectively) at loading 40 MW.

Water Chemistry Average

At load megawatt : 40 MW

Post-test (Dosed Detergent)

Parameters unit Target Ormg/l 3 mg/l 5 mg/l 10 mg/l
Calcium mg/l{ppMie < 300 251 222 238 214
Phosphate mg/l (ppm) 4-8 =] 6.1 5.8 55
pH y '¢.0-745 7.32 7.52 7.29 7.29
Conductivity usiem £2500% | 1490 1626 1977 2027
Chlorine ma/l pm) 0.2-0.;% 4 \0.30 0.26 0.33 0.37
Suspended solid mg/l (ppm) - - 47884 84.52 98.54 100.03
Turbidity NTU 2441 i-':a-ﬂ-, _9.97 9.23 15.85 17.89
Corrosion rate mpy <3 — :'Jf:‘().99 1.20 1.19 1.08
Microbial cfuiml <100,000 11000 16000 25000

13000

Table 4.3.1.1. shows that Calcium hardness was not differentail during

study. The phasate which is corrosion inhibitor‘and/pHresultiwas maintain during study

as well.

Chlorinesmust te maintain.with targetsstatus (0.2-0.5ymgf/l) to kill microbial.

Microbial will be present in the matter that fouled in tower fill pack (consist of silt, mud

enmeshed in biofiim). At higher dosage of detergent effect to need more fee chlorine

than normal condition.
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4.3.1.1.1 Turbidity Result

Turbidity profile was significant increased after dosed detergent due to
functional of detergent chemical. It disperses a fouling matter in fill pack into bulk water.

Higher dosage of detergent caused increasing trend of turbidity.

Because of turbidity is a parameter that represents the amount of
suspended solid/dirty into bulk water (Naleo Company, 2005:43-366, 2007:1). If
suspended solid is removed. from tower fill, turbidity.should be higher value than normal

condition. Figure 4.3.1.2 shews-turbidity profile-afierdosed.

30

3
A Smdl ° '13 mall s 10mg/
25 M 0 g™ B L _c Design
L r "
4 e Sg_nSgugggu®ap®
20+ F SnaS s SugSugtal_g,nuasySEnln N A
.A““A‘ AAIAAQAA‘ AAAAA“A‘AAAAAAA Aa “A‘ A\
5 2s
E 15 —-----------.:l ------------- o - R RN -
IAA :
W‘ .3* o0 0
10 x !l{ &iﬁf”‘ X""' '&'Xx;'i’ * b“ 1.’.00
5 ll *x -2 = XX x* %
X, A4
0 T T P T T L aj 7| l. = T T T T
’ Fiiand
0 5 10 15 20 25 30 35 40 45 50 55 60

" = Sample time (0

Figure 4.3.1.2 Turbldlty results CW#1 (un-dosed) and CW#Z 3,4 (Dosed 3, 5, 10 mg/I

respectively) at loading 40 MW.

The itarbidity fprofile lat: CW#1twhich hot dosed, the turbidity line was not
changed (Not a decrease or increase trend). CW#2,was dosed ati3/mg/l of detergent,
turbidity'during 1 551 <20 was notdifferent with from CW#1. When t>20, the turbidity
profile at 3 mg/l dosed was above turbidity profile (no dosed) but overall was still within
target limited (15 NTU). This mean that detergent at 3 mg/l can a little removed
suspended solid / dirty from fill pack. This is a preliminary of sufficiency dosage of
detergent to use to remove suspended solid in tower fill pack. CW#3 performs detergent
at 5 mg/l. These was dramatically increased over target when t >7 after dosed. This

proof that detergent at 5 mg/l can effectively removed suspended solid / dirty from fill
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pack. Because at no dosed condition, turbidity was not changed. But at 5 mg/l of
detergent, turbidity (represent of suspended solid) was increased. Theturbidity profile
of CW#4 after performs at 10 mg/l detergent. This was dramatically increased over
target (similar to 5 mg/l detergent). Anyways the overall turbidity result trend between

dosed at 5 and 10 mg/l were not a big differential (only 2% differential).

Turbidity and suspended ;solid can removed because of detergent
product can act as the dispersancy. This will do the actual removal of soft foulant
deposits (Nalco Company;, 2005:43-369, 2007:1).+Figure 4.3.1.3 shows a detergent
allows the product to lift offisoft foulant from a surface. This is reason of the fouling of
suspended solid especially indower fill pack will be remeval into cooling water to directly
affect increased turbidity. And itwes ’inthpu't_ then fouled on heat exchanger surface due

to dispersancy functional:

Slightly Anignic ' 4
Suspendad Rarticls | E.ur,peﬁﬂcd. Salid
e o Ahieh Has Adsorbed
L "} ¥ [Highly Anionic
S 4 S Chemical

Figure 4.3.1.3 Function?l of dispersancy to remove soft fqlant deposit by highly anionic

chemical charge on' suspended solid surface (Nalco, 2005:43266, 2007:1).

Detergent

AR

Banla

Figure 4.3.1.4 illustrate detergent can remove solid matter on surface(Nalco, 2005:43-

266, 2007:1).
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4.3.1.1.2 Suspended solid removal:

From the mass balance equal around cooling tower system. The

equation of suspended solid can be expressed.
SS accumlation = SS makeup — SS blowdown (12)
From analyzed data in table 4.3.1.1.

Suspended solid in makeupwas 15.32 mg/l (Average value).

2
Suspended.solid in cooling water after dose detergent at 3 mg/I

Wwas 84.52'my/l il

. a5

Susperdgd solid in;éooling water after dose detergent at 5 mg/I

waglogBalmgn ) 4

Suspended solidin c;j9pling water after dose detergent at 10 mg/!

was 100.05-ma/l #3244

o)
. i

Table 4.3.1.2 shows“mass béléﬁce of susp“ehdqed‘ solid im-makeup water, blow down

water and accumulaieﬁih cooling system at loading megaWartt 40 MW.

Lab Analyze Mass balance of Suspended solid (kg)

Dosing mg/l Makeup Blow:down Accumulate % Removal
0 mg/l 77.84 2412 1399 1013 58%
3 mgl/l 84.52 2412 1520 892 63%
5 mgll 98.54 2412 1772 640 73%
10 mg/l 100.03 2412 1798 614 75%

Table 4.3.1.2 shows the suspended solid that is increase in bulk water
when dosing detergent is increased. With no detergent condition, the suspended solid

in bulk water is 2412 kg. From mass balance, accumulate of suspended solid is 591.
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When detergent is dosed at 3, 5, 10 mg/l. The suspended solid in blow

down is increased. And accumulate of suspended solid is decreased.

This can summarized that fouling of suspended solid in filled pack
material van removed by detergent chemical. Figure 4.3.1.5 show increasing of in bulk

water when dosing detergent is increased.

S ———— —— -
Suspended solid (kg) e [ =_spended solid (kg) 1,398
Suspsnded solid (kg) @ 3 Mo/l deumiies ot SUsperds=dsclid (k) @3 moldstergert 1,520

SIETEEE LI LEIDITE f)// Susmendedsolid (kg) @5 maldstergant  17TE
i \
Suspended selid (k) @ 10 mg // T T T Susperded solid (kg) @10 mo/l detergent 1,795

» g A
i A D= A : .
' - - : . Hot watsrinlat
I- Y R pat i i/
-y FillPack
Detergent s~ g
- JJ -- .
e aroutlat
. -'EJ‘JQ Cald e
N

Makeupwater o

Suspended solid (kg) v" —I&tE

oz

Figure 4.3.1.5 shows mass balance after dosed detergent at 3, 5 and 10 mg/I during
study. The accumulation ofrsuspendedrsalid-indilledypack is*decreased when detergent

Is increased to 5 and 10 mgl/l.

Detergent can remove the suspended solid+in filled pack: This enhances
heat transfer of hot water and air inlet in filled pack zone cooling tower. The efficiency
will increase. Figure 4.3.1.6 shows relation between % suspended solid removes from

filled pack into bulk water by detergent and cooling efficiency.
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7 (%) Removal of suspended solid  ® Cooling efficiency
100% - -1
80% - - 0.8

60% - - 0.6
40% - 0.4
20% - 0.2
0% - -0

\gﬁj[/ E/I)

Figure 4.3.1.6 Relat@p s@ by detergent and cooling

Cooling efficiency

% Removal of suspended solid

4.3.1.1.3 Manual f filled pack

And mplemented during study to

actual measure the wei as taken 1 week before dose
with detergent and after
four units. The cooling 1 w presented 1o Up<dose condition while cooling 3 is was

represented with dosed detefgsdt‘:al g2 4.3.1.3 was summary data and

percentage remova

Table 4.3.1.3 shows thactual weig efore anﬂjafter used detergent.

un.tﬂ i&jﬁ% fj Wﬁ’ W‘ﬂ“ﬁ 0 %U“”g(:emovm
W sl nenas

The actual weighting of fill packing material before and after dosed with

detergent can summarized that the detergent can effectively remove fouling matter from
fill pack. And figure shows some of visual inspection of fill pack after dosed with

detergent. The overall was clean when compared with un-dose condition.
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Figure 4.3.1.7 the filled jpackm ighting of. Cooli»Wt' un-dosed) and cooling 3

4.3.1.1.3 Conductivi

l-' ! \\
Figure 4.3. : e tivity profile at CW#1 (not dosed), the

result was maintain du ' rbidity was not changed. When

4 7/
dosed at 3 mg/l of de_t)ergent T‘he eendupt'h was naot different with CW#1 during
1<t<20 and mcrea}f ,___;_;.;___;_-____'____;_;_________,,‘ | detergent at 5 mg/l was
dramatically mcreasedjver target (2500 tﬁ? after start dosed. Because

of turbidity profile was mcreased While conductmty profile of CW#4 after performs at 10

mgll detergenﬁﬁﬂ@%ﬂ%%%ﬁ@rﬁﬁﬂy with CW#3.
AR ﬂ\mm UAIINYIAY
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Figure 4.3.1.8 Conductivityresults:of CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5, 10

Molifeshectively) at loading 40 MW.

The reason Jof con_ductiviﬁ/ increase when dosed detergent is that
3
detergent chemical canact as the dispersancy. It will remove soft foulant deposits that
fouled in fill pack. The impact'is i-'ncfreased:;fpribidity trend and consequent to increase
o

conductivity profile after added detéfgent chem'{gal.

di) =

4.3.1.1.4 Corrosion rate resuft Y

Corroszljonn rate was collected by online -Cor‘rosion reading apparatus,
called NCM100. NCM100 measure the electrical current resulting from the application of
a small voltage_ across the €electrodes, on, the probe, The current measured is translated
by the corrosion!meter.into‘a general corrosion rate; whichiappears on the display in
units of mils per year (mpy) or milliméters per yeardmpy) (Nalco cofapany, 2005:43-266,
2007:1).1t was installedvfor all coaling units. Figure 4.3.1.9 shows the carrosion rate after

dosed detergent.
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Figure 4.3.1.9 Corrosionrate of ©W#1 (un-dosed) and"CW#2, 3, 4 (Dosed 3, 5, 10 mg/I

respectively) |at loading 40 MW.

Corrosion sfatefwas increa.sé'"d trend when detergent was dosed every
dosage (3, 5, 10 mg/l). Actually, the det;,;rgent should not influence to corrosion but
side-effect of detergent is ingreased ﬁ_J:_,rbj'_dity that” consequently to increased
conductivity trend. The corrgSion proctess is! chemical reaction, high conductivity can
caused high electro donor and receive réé”;"'then increasing of corrosion rate is

occurred. - Toud o

The eorrosion rate profile after perform ‘detergent at CW#2 (3 mgl/l
detergent) was not differential compared with CW#1 (do' not dosed). While corrosion
rate at CW#3 (5. mg/l detergent) was a little increased. Corrosion rate at CW#4 (10 mg/I

detergent) was allittle’increasing toa.

ThelCorrosion“rate: increase when’detergent inéréase due to corrosion
process fis an electrochemical process in which a difference in potential exists at the
metal surface and between different areas on the metal surface. Increase of liquid

conducting will increase the electrochemical corrosion process.
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NN
Figure 4.3.1.10 relation betw@en corrosion rafe

Figure 4.3.4410 Iros|vit m,;: does not increase at a linear
rate with increasing entration. The influence of dissolved

solids on corrosivity is: ration important, but also the ion

species involved. For solids (such as carbonate and

A

bicarbonate) reduce corfosi e other, agg"r~ ssive ions (such as chloride and
A \
sulfate) typically increase ¢ w,:rs__ ith the protective film. Figure 4.3.1.11
shows the corrosion_coupon rgs@;@gjﬁs I ;7 > overall results were not detected the
serious of corrosion pitting and corrosion rate were withi i ‘ecify target of lower than
d

Figure 4.3.1.11 shows the result of corrosion coupon analysis for cooling water number

one to four after study
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4.3.1.1.5 Microbial result

The Microbial was increased trend when dosed detergent because
functional detergent can disperse fouled in tower fill pack. In occasion deposits that
fouled in tower fill pack is consist of silt, mud, and clay enmeshed in bio-film (McCarthy

and Ritter, 2006).

The m|crob|ologlcal s analyzed to ensure the system without
microbial fouling after dosedk 3 1.12 microbial result of CW#1 to

CW#4

100.0%

ctively) at loading 40 MW.

it
/

The micrgbg analysis CW% (without chemical dosed) is 100% in

control. After pﬁoﬂoﬁt}r@an% H%r@r%l%%rﬁpe to 99.5% in control. At

detergent 5 mgm/vas dropped to 95. 9% in control and 10 mg/l was dropped t0 94.4% in

~q WIANNIEM UAIINYAY

Detergent has functional of dispersant to remove the dislodged biomass
from fill pack and return into the bulk water, preventing re-deposition onto surfaces. High

detergent is required more fee chlorine than normal condition to maintain microbial

Figure 4.3.1.13 to 4.3.1.20 will summarized the effect of detergent at 0, 3,
5, and 10 mg/l on cooling water chemistry via percentage in control of all parameters at

loading megawatt 40 MW.



63

m CaH
100%
O%u I I l
0%
O0mg/l 3mg/l 5mg/l 10 mg/

100%

50%

0%

mPO4
0 mg/I 3mg/| 5mg/| 10mg/l

100% -
80% -
60% -
40% -
20% -
0% -

3mg/l 5

0 mg/I

=

E

(%) in control of Calcium hardness and

V#2, 3, 4 (Dosed 3, 5, 10 mg/|

- Conductivity
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ol of pH and conductivity between

’ ctively) at loading 40 MW.

" Fe ‘
100%
50%
0 mg/l 3 mg/l 5 mg/l 10 mg/I

50%

(i

5]&[

[ Turbidity

0mg/l 3mg/l 5mg/l 10 mg/

Figure 4.3.1.17 to 4.3.1.18 Percentage (%) in control of iron and turbidity between

CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5, 10 mg/l respectively) at loading 40 MW.
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Figure 4.3.1.19 to 4.3.120 Peicentage (%) in control of Fee chlorine and

corrosion rate between CW#I (un-dosed) and-CW#2, 3, 4 (Dosed 3, 5, 10 mg/l

respectively) at loading 40 M\\/

\

|
4.3.1.2 Cooing efficiency result after perform detergent at loading 40 MW.

The CW#2, 8, 4 are dose{.f with detergent chemical continuously. The

4
cooling efficiency resultis campared-with the design and un-dosed condition of CW#1.

This is operated with the same ooniditions-jof_fén speed, recirculation flow rate. During

4

testing, others chemistry parameters . were ;sﬁ_ls;Iained as normal condition (such as

chlorine residual to control microbial growfh-,»',phosphate to control corrosion rate,

synthesis polymer tq-control scaling from exceed mineral of calcium, magnesium, silica,

etc. And cycle of concentration to limit the cooling water contentration).

4.3.1.2.1 Cooling efficiency result.

0.8

0.7

0.6

0.5

04 -
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0.2

A 5 mg/l --e-- 3mgll
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Figure 4.3.1.21 Cooling efficiency results between CW#1 (un-dosed) and CW#2, 3, 4

(Dosed 3, 5, 10 mg/l respectively) at loading 40 MW.
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The figure 4.3.1.21 shows cooling efficiency at CW#1 (do not dosed).
This was decreased. The trend was maintained at lower design and reduced after t >
45. The cooling efficiency at CW#2 was increased after perform detergent at 3 mg/l. It
was near the specify design value when the end of study. The overall result was 35.1%
increasing (compared with CW#1) and 3.6% increasing with specify design. Cooling
efficiency of CW#3 was fast increase after perform 5 mg/| detergent. This was significant
increased trend over specify design when t > 7. The cooling efficiency at 5 mg/l was
62.1% increasing and 24.2% increasing with design./And the cooling efficiency at CW#4
after performs 10 mg/I detergent. It was-fast increased over specify design when t > 5.
The overall result was 65.1%+increasing compared with CW#1 and 24.2% increasing
with design. Anyways, the @verall efﬁcien'q:y trend line of CW#4 was not a big differential

with efficiency trend line o, CW#3, ! 4 4

The cooling eﬁicienéy of CW#Z CW#3 and CW#4 was increased trend
from lower specify design to higher ‘than sbec‘ify design. The reason of increasing of

cooling efficiency is that detergem“ has refnoved the suspended solid fouling in fill
,u
packing. Reduced blocking channel of air ﬂowto contract with heated of water droplet

o
X g™y =

gl

in fill pack. (I\/IcCarthy and thter 1993)

This bén summarized that detergent can ‘remove soft fouling deposits
that fouled on fill pack material. It can improve cold and hot water temperature and gets
a cooling efficiencyita higherthan specify. designi Figure 4:3.4:22 shows the improving

temperature approach after perform detergent
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Figure 4.3.1.22 Temperature approach results between CW#1 (un-dosed) and CW#2, 3,

4 (Dosedsd)5,40.ma/l respectively) at loading 40 MW.
|
4.3.1.2.2. Approach temperature ., 3 #

—

Figure 4.3.1.22 details the %pp‘roach on CW#1 (Do not dosed detergent)
was not changed and'increase \_Nh‘_en t >'i:4f_5.,_.‘The approach at CW#2 after performs
detergent at 3 mg/l shows a decreasing trehd The average of approach was 7.790C
which lower than specify design. The appr@d}{"of CW#3 after dosed 5 mg/l shows a
better result of approach than €W#2. The:éb'b;'roach of CW#4 was similar trend with

CW#3, the overall resulde-net-a-big-differential:
4.3.1.2.3 Heat rejection

hhis'is important o note than+lower approach will,give the benefit to heat
rejection from c@oling tower. Figure 4.3.1.23 shows heat rejection before and after dose

detergent.
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Figure 4.3.1.23 Heat rejeciion befwe

\ and CW#2, 3, 4 (Dosed 3, 5,
C_' ely \“"\\.

Heat reject & ~ 56 ergent) do not change and
I‘ L
decrease when t > 40 oerforms detergent at 3 mg/l shows
increased trend of heat reject i 'l tion of CW#3 after dosed 5 mg/l shows a
I’% T ) g

better result than CW#2. The g was similar trend with CW#3, the result

ﬂﬂﬁl’)ﬂﬂﬂ‘ﬁﬂﬂ’m‘i
ama\mim AN Y
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Table 4.3.1.4 Summary the result test of CW#1 (un-dosed) and CW#2, 3, 4 (Dosed 3, 5,

10 mg/l respectively) at loading 40 MW.

Cooling Tower Performance Summary

At load megawatt : 40 MW

Average result Totalize
ltems Design mg/l 3 mg/l 5 mgll 10 mgll deviatio
n (%)
Water circ.rate (m3/hr.) 12,000 © 10,028 410,031 10,029 10,032 -
Cold Water Temperature (°0) 36.0 ,36.73 35.76 35.34 35.41 -
Hot Water Temperature (CG) 4470 42.33 43.85 44 .47 44.66 -
Range (°C) 8.0 5.61 8.08 9.36 9.1 -
Wet Bulb Temperature (/€) 28.1 ',26.3..02 28.03 28.01 28.05 -
Approach (°C) 9 ;9."14 7.73 7.33 7.38 -
Variance Design (%) : -1'5.6% 2.15%  7.21%  12.53%  7.3%
Heat Reject (kW) 98,349 65,-343 100,027 112,284 113,421 -
Cooling Efficiency 0.5087 0'39 _ 0.527 0.632 0.644 -
Variance with no dosed (%) - * U 3s1%  621%  654%  541%
Variance with Design (%) = " 3.6% 24.2% 24.2% 17.4%

Table 4.3.1.4 shows water circulated rate was kept at constant 10,000-

10,300 m3/hr (during studyy The faveraged ©f inlet “wet-bulk temperature was not

significant differential during test.

Cola ‘water temperature-and'approach after dosed, with /detergent were

decreased when compared with design.
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Figure 4.3.1.25 average of t hbetween CW#1 (un-dosed) and
CWi#2, 3, 4(DoSEd 35, TO TG/ TESPestively) at loading 40 MW.

I ™
1|

Heat rejéct was increased after dose detergent 3, 5 mg/l because of

temperature raaeﬂfﬁﬁ|wﬁwgngpier ﬁ) was increased.
AN TN ING Y
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Figure 4.3.1.26 average of he ;5 Vgén CW#1 (un-dosed) and CW#2, 3, 4

ng/l respectively)at loading 40 MW.
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Figure 4.3.1.27 averade Vi1 (un-dosed) and CW#2, 3, 4

(Dosé 0 mg/l respectively) at loading 40 MW.
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Figure 4.3.1.28 Dewat@g efﬂélenw un-dosed) and CW#2, 3, 4
(Dosed 3, 5, 1W ar@ ngn at loading 40 MW.

Figure 4'3. 3.1.28 j : ra%W#S (5 mg/l dosed) has a

better result of cooling 1"’*-(?4.&%) and design (11.3 %)

water temperature is 44.320C thaf stllj Wi
B

han . .
detergent can dose:at 3 mg/l. Because of doga_g‘m?l‘ can increase the cooling

efficiency from und gn (0.45% deviation). The

consequent is to decre.ale the approac increase heﬂ rejection as well.

LR UL R Rt

into cooling system. Because detergent chemlcal will remove suspended solid from

filled pa W/O'sﬁ ﬁ HSOllmmngijﬁgTﬁ ﬁl can show the

best of removing suspend bulk water

The overall water chemistry (pH, phosphate, chlorine, total iron,
microbial) is not different with pre-test. The corrosion rate is increase due to turbidity
and conductivity are increased. Although at detergent 5 mg/l is get better of cooling

efficiency (10.1%) more than dosing 3 mg/l. But chemical cost will increased 40% when
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increase dosage from 3 to 5 mg/l. So that the suitable dosage of detergent should be 3

mg/l.

4.3.2 Study effect of cooling efficiency on detergent 0, 3, 5, 10 mg/l loading megawatt
50 MW.

System diagram of plant 3 is shown in figure 4.3.2. The CW#5 do not

dose detergent. CW#6, CW#7 and \C\“f/ys dosed with detergent at dosage 3, 5, 10
W

Q:\“;.r - , /

mg/l (ppm) respectively.

Steam condenser

Steam condenser

ARRFA T
S o=y S

| Steam condenser ‘

(—— tgom condenser |
AT RSN I T T e T

Figure 2.3.2 illustrate the cooling diagram at plant 3 during study at loading megawatt
50 MW.
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The result was separated into 2 parts. Part 1 is chemistry result of water

chemistry and part 2 is calculation result.

4.3.2.1 Water chemistry which consists of.

Calcium hardness (mg/l)

phosphate mg |

L
=« Orrosion rate (m

17

- il
’ crobiological analy cfu/ml) .

ﬂ %%fﬁ%ﬁ%gwgﬂﬂ I parameters

4322 Cawy_n]g ﬁra&nﬁr%v%oﬁcﬂsﬁoﬁ ‘3 7] EJ ’] a EJ

Cooling efficiency

Temperature approach (oC)

Heat reject (kW)
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4.3.2.1 Cooling water chemistry result after perform detergent at loading 50 MW.

Table 4.3.2.1 Average of water chemistry for CW#1 (un-dosed) and CW#2, 3, 4 (Dosed

3, 5, 10 mg/l respectively) at loading 50 MW.

Water Chemistry Summary

At load megawatt : 50 MW

Post-test (Dosed Detergent)

Parameters unit Target Osmg/I 3 mg/l 5 mg/l 10 mg/l
Calcium ma/l (oPM e < 300 23 252 249 237
Phosphate mg/l (ppm) 4-8 6.0 6.6 6.3 6.1
pH - 7i0-7% 7.28 7.37 7.23 7.30
Conductivity us/em <2500.% | 1708 1803 2056 1963
Chlorine mg/l (jppm) 0.2—0.5: o030 0.26 0.33 0.37
Suspended solid  mg/l (ppm) - .69.85 72.55 96.89 98.11
Turbidity NTU 245 i-':a-ﬂ-, _7.77 12.16 17.9 17.46
Corrosion rate mpy =3 — 77'16.96 142 1.18 1.17
Microbial cluiml  <100,000 12500 20700 25000

13500

Table 4.3.2.1 show that Calcium hardness was not differentail during

study. The phosate which is cofrosion ifihibiter and pH result was maintain.

Conductivity is increased due to fupgtional of detergent can disperse the

fouled matter (silt, suspendedgsoalid). from tower fill- pack into water. Higher dosage of

detergent caused increased trend of conductivity. Chlorine must to maintain with target

status (0.2-0.5 mg/l) to kill microbial. Microbial will be present in the matter that fouled in

tower fill pack (consist of silt, mud enmeshed in biofilm). At higher dosage of detergent

effect to need more fee chlorine than normal condition. Turbidity profile significant

increased after dosed detergent due to functional of detergent chemical. It disperses a
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fouling matter in fill pack into bulk water. Higher dosage of detergent caused increasing

trend of turbidity

4.3.2.1.1 Turbidity result

Turbidity profile in figure 4.3.2.1 shows result after dosed with detergent
at 3, 5and 10 mg/l.

30

A 5mg/l Y 3mgll (] 10 mg/I
X 0Omg/l eSS SRS Design
25
L [ ] L] ] [ 1]
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Figure 4.3.2.1 Turbidity between @W#5 (un-desed) and CW#6,7 and 8 (Dosed 3, 5, 10

Y v p;i{ﬂ
mg/l respectively) atioading 50 MW.

gl

The tutbidity result at CW#5 (do not dose;d)» was not changed (Not a

decrease or increasé‘tfend). CW#6 was dosed at 3 mg/| of’aetergent, turbidity during 1
<t <10 was not different with from CW#5. When t>10, the turbidity profile at 3 mg/l was
above result whenscompare, with GW#bx But averallwas still.within target limited (15

NTU).

This"proof that detergent at 3/mg/l can a'little remoyed suspended solid /
dirty from fill pack. These may not insufficiency dosage of detergent to use to remove

suspended solid in tower fill pack on load megawatt 50 MW.

CW#7 was dosed detergent at 5 mg/l. These was dramatically increased
over target when t >7. This proof that detergent at 5 mg/l can effectively removed
suspended solid / dirty from fill pack on loading megawatt 50 MW. CW#8 was dose at

10 mg/l detergent. This was dramatically increased over target (similar to 5 mg/l
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detergent). Anyways the overall turbidity result trend between dosed with 5 and 10 mg/I
were not a big differential (only 1-2% differential). If compared the risk of scale and
corrosion by increasing trend of conductivity profile and also concern with chemical

cost. The suitable dosage of detergent is 5 mg/l.

4.3.2.1.2 Suspended solid removal.

From the mass | around cooling tower system. The
equation of suspended solid , be expressed.

SS ac

o —
makeup — SS blowdown  (13)

From analyzed data in tabl

i \s\ 2 mg/l (Average value).
00

0D WE S
lidin: \\b\- after dose detergent at 3 mg/l

Bspen olid in cooling water@er dose detergent at 10 mg/I
was 98.11 mgl/l

U AN AN B0 o e
IR TR ITRINga Y
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Suspended solid (kg) 1,106 Suspended salid (kg) 1.258
Suspendsdsalid (kg) @ 3 mg/ dstergent 1.108 Suspended sclid (kg) @ 3 mg/l detergent 1,304
SLTIETEEEELIE D LETE TEEEE L Suspendsdsolid (kg) @5 ma/ detergent 1,742
o, =rdad =0 10 =tarqsn £AR
Susperasdsalding) @ibmgldstergent B4 T T T Suspendedsoidikg) @10 mgldetergent 1784

" "

i i

! |

] ]

] i

: AT T A1 #

! Hot watar inlat

[, J

Hill Pecie
Detergent . ’ -
e
" 1
é S Cold water outlat
e SrsEh
g | Basin l{/
Makeup water \

Suspendsd solid (kg) //ff/'a 3

Figure 4.3.2.2 shows mass balance afte"‘ig dosed detergent at 3, 5 and 10 mg/l. The
suspended solid which accumulated in i‘%i_]i_gdrpack Is decreased when detergent is

incredsed to"éjap_d 10 mgl/l.
=

The suspended sofid  will igfré!ase in bulk water when detergent is

-

dosed. Removing ofisuspended solid from filled pack can increase the cooling

efficiency as illustrate jnrfigure 4322

i (%)-Removalof suspended solid, ; .M Coelingefficiency
100%" -1
80% - 5 0.8

60% - + 0.6
L' N L]
40% - 0.4
0% a T T T r 0
0 3 5 10

Detergent dosage (mg/l)

Cooling efficiency

%Removal of suspended solid

Figure 4.3.2.2 Relation of % suspended solid remove in bulk water by detergent and

cooling efficiency.
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4.3.2.1.3 Manual weighting result and visual inspection of filled pack

Manual weighing of filled packing is implemented during study to actual
measure the weight of suspended solid. The result has taken 1 week before dose with
detergent and after dosed. Anyways, the weighting data can be collected for only 2
units due to plant condition. The cooling 5 was represented to un-dose condition while

cooling 7 is was represented with dOfed detergent at 5 mg/l. Table 4.3.2.3 was

summary data and percentage removal\of/wg.

—
Table 4.3.2.3 shows the a&ﬂaai-\u&ghtlng-#esuﬁ—be#em-and after used detergent.
\
After dosed Fouling Removal
Unit (kg) (%)
CW#5 0 6.24 -
Cwi7 ?'-.o__g- A} 4\ 302 57.0%
The actuaIA mg of fill gajpkrng material before and after dosed with
JJJ
detergent can summarized at,,the deter eﬁiéctlvely remove fouling matter from

fill pack. And figure 4.3.1.4 shows,,some of.wzi@mspectlon of fill pack after dosed with

unsc§d,e condition.

detergent. The overQI-:Was clean when compared with

Figure 4.3.1.4 the visual inspection of filled pack of cooling 1 (Left: un-dosed) and

cooling 3 (Right: 5 mg/I of detergent
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4.3.2.3 Conductivity

The conductivity result can represent the suspended solid remove from
tower fill pack. Figure 4.3.2.5 illustrates conductivity after done detergent at 3, 5 and 10

mg/l.

2500
2400 -
2300 -
2200 -
2100 | _____ Design
2000 | oo _C
1900
1800
1700 -x*x*'xxx* Xx #

1600 | sgsXig?,

5mg/l L

A

® 3mgl/l
[] 10 mg/l
X

0mg/l

us/cm

1500 -|ad&ge-
s v
1400 [ B E— —i'_ F T A W N . U " T T T
— =
0 5 10 > ¥ - 20 25 J_30 85 40 45 50 55 60
.- 'n 1l
Sémple time (t)

Figure 4.3.2.5 Conductivity results between C\W#5 (un-dosed) and CW#6,7 and 8

(Dosed 3, 5, 10 mgll resp'éétwely) at loading 50 MW.
P o et

=t

The Conductivity__profile at C@#Q(go not dosed), the result maintained

during 1<t<45. When-46<t<60 the profile was decreased. ¢W#6 was dosed at 3 mg/l of

detergent. The COﬂdl[;I'ét'lVi’[y trend was not different with CYW#5 during 1<t<10 and has a
increasing trend whent> 10. CW#7 was dosed detergent at 5 mg/l. It was dramatically
increased overtarget (2500-us/em), when t-= 7,due to-turbidity. profile was increased.
While conductivity profile’of CWH#8 after performs at 10 mg/I' detergent. This was similarly
with CW#7,

Because of detergent product can act as the dispersancy. It removes of
soft foulant deposits that fouled in fill pack. This is increased turbidity trend and

consequently to increase conductivity profile after added detergent chemical.
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4.3.2.1.4 Corrosion rate result

The corrosion rate during test was collect by NCM100. It was installed for

all cooling units. Figure 4.3.2.6 shows the result after dosed detergent at 3, 5, 10 mg/l.

mpy

09 - X %
08 - *% X X x
07 I I E— e & F "’F"_‘I“-‘.__.— L B B

0 5 10 15 20 2 30 35 40 45 50 55 60

i

Saigple time (t)

i
\ 4-

Figure 4.3.2.6 Corrosionirate between CWéf}_S (un-dosed) and CW#6, 7, and 8 (Dosed 3,
5, 10 m@/ Tespectively) at loading 50 MW.
add vl

e oo hd
The corrosion rate-profile- at CW#5 (do not dosed) was not any changed.

o)

Because other parameters (sub'h“"és.“pH, phogph’ét_e', ete) were kept at maintain condition

to prevent more carresivity trend: Corrosion rate at 3‘m:g/l detergent was not any
changed in during 1<i<'20 and look increased 0.5% when t > 30. Corrosion rate at 5 and
10 mg/l detergent weré similarly trend. In early (0<t<30)iwas not changed and look a
little increased 4% when t > 30, Figure 4.3.2.7 show-the result of corrosion coupon after
study. The results were within specifying result of lower than 3.0 mpy. These were not

found pitting corrosionyproblems
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i _:...,,',f;,diﬂ-'wmh‘.ﬁ@l@hkﬁ%fﬁ#‘“‘“

T _—

udy-foreooling system number 5, 6, 7 and 8

Figure 4.3.2.7 Corrosio

g/ 10 mg/I

\/

Figure 4.3.2.8 Sho Er,:::,:::::::: —————————————————— IyS|s between CW#5 (un-

¢

dosed) and CWE,?, Dc

, ﬁ gﬁw(ﬂeﬁ%ﬂ nﬁlvpﬁ';ﬁrﬁal analysis profile after
perform detergent /I'wa 6.\Whil ﬂ in rol'of microbial analysis at
5 mg/l detergent was 97.5‘% increasiﬁg and percentin control of miGrobial analysis at 10

o AN A0 ST TTEAR S

Figure 4.3.2.9 to 4.3.2.16 is summary % in control after dose detergent at

ecjﬁely) at loading 50 MW.

0, 3, 5, and 10 mg/l on cooling water at loading megawatt 50 MW.
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mCaH
100% 100% 100%
100%
80%
60%
40%
20%

100%

0% -
0mg/l 3mg/l 5mg/l

J111]

10
mg/I

Figure 4.3.2.9 and 4.3.2.
phosphate between CW#5_

100%
80%
60%
40%
20% 1 .

0% +-

'
e

Figure 4.3.2.11 and 4

%eg of calcium hardness and ortho

= PO4
100% 100% 100% 100%
100%
80%
60%
40%
20% 4 . .
0% -+ . . .
0mg/l 3mg/l 5mg/l 10
mg/I

dC )osed 3, 5, 10 mg/l respectively)

\ - 1 Conductivity
100% 100%
" 0,
80% 20%
0mg/l 3mg/l 5mg/l 10
. . mg/|

T

5H and conductivity between

CW#5 (un-dosed) ande#& , 8 (Dosed 3,5, 10 mg/l @pectively) at loading 50 MW.

-y

100% 100% 100%

100%"

I

0%+ '
0 mg/l 3 mg/l 5mg/l

10
mg/|

o

rbidity

0, 0,
o 100% 100% o ge
0 |
60%
40%
20% | .
O% |’ T T T 1
0mg/l 3mg/l 5mg/l 10
mg/I

Figure 4.3.2.13 and 4.3.2.14 Summary (% in target) of total iron and turbidity between

CW#5 (un-dosed) and CW#6, 7, 8 (Dosed 3, 5, 10 mg/l respectively) at loading 50 MW.
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" Feedl
1 Corroion rate
100% 100% 100% 100%

100% 100% 100% 100% 100%
80% 1g82é

9 (]

20% | . 20% 1 -)--)-- )0 --

0%

0 mg/I3 mg/I5mg/l 10
mg/|

0mg/l 3mg/l 5mg/l 10

Figure 4.3.2.15 and 4.3.2. ‘chlorineand corrosion rate CW#5

(un-dosed) and CW K g/l res oectively) atloading 50 MW.

4.3.2.2 Calculation result

The cooli ‘ 4-"‘ s dosé 1e detergent chemical at 3, 5,10

(CW#5) which is operated e sa jitio --\«\ an speed, recirculation flow rate.

During testing period, other: - pardmeters |ere sustained asnormal condition

(such as chlorine residual (FRC) to contr crobial growth, phosphate to control

corrosion rate, syn is<pol “to control romgexceed mineral of calcium,
magnesium,  silica, | €l \_& limit the cooling water

§
AULINENINYINT
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concentration). m
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4.3.2.2.1 Cooling efficiency result

0.70

A 5mgll
0.65 A e 3mgl/l

(] 10 mg/l
0.60 -

o= e= = Design

0mg/l

0.55 X

0.50 -

0.45

0.40

035 -

0.30 D Y e —— i = B | i i - |

Sample time (t)

Figure 4.3.2.17 Cooling efficiencybetween CW#5 (un-dosed) and CW#6, 7, 8 (Dosed 3,

5, 10 m@/\respectively) at loading 50 MW.

Figure 4.3.2.17 shows coc;i'[né efficiency. at CW#5 (do not dosed with
detergent). The trend was maintained and féddbed when t > 30. CW#6 was dosed at 3
mg/l. The overall of cooling efficiency Wéé?_ﬁ:_ei?r with specify design. It was 22.5%
increasing (compared with CW#5}). Coolingfeﬁiéiency of CW#7 was dosed at 5 mg/l

detergent. This was significant ihéreased trend 6:/er specifyrdesign when t > 15.

The cboling efficiency after dosed detergent at 5 mg/l was 10.1%
increasing (compare with design). Cooling efficiency at CW#8 was dosed at 10 mg/l
detergent. It @ets: signhifieantt higheriithan: specify | desigh.~The trend was 15.2%

increasing with specify design.

Thescooling | efficiency .of CW#7 and | CWH8 were improved potential
because of detergent has removed the suspended solid fouling in fill packing. Reduced
blocking channel of air flow to contract with heated of water droplet in fill pack from

suspended solid fouling.
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Figure 4.3.2.18 Temperature approach between CW#1 (un-dosed) and CW#2, 3, 4

(Dosed3, 5, 40" g/ respectively) at loading 50 MW.

4.3.2.2.2 Approach temperature resuit

Figure 443.248 showsthe @pproach on CWi#5 (do not dosed detergent)

was not changed. CW#6 after performs‘idetergent at 3 mg/l. the overall result of

temperature approach shews a "de'oreasea:';triénd (3%) and near with to the specify

o

design. The approach of CW#7 which dosed;-Eing/I shows a better result of approach

than CW#6. The approach of CW#8 was simi.l(aT__r_:trgnd with CW#7.

Conseguently-of decreasing in-approach; heat rejection from cooling
tower is improved alsa. Figure 4.3.2.19 shows heat rejection before and after perform

detergent.
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Figure 4.3.2.19 Heat rejection beiween CW#5 (un-dosed) and CW#6, 7, 8 (Dosed 3, 5,
Osmag/srespecti e at 307-.30 MW.
4.3.2.2.3 Heat rejeétion 3153, /

Heat rejection WH5 (do- NG ‘ l‘"\ gent was not changed. CW#6

J"\h.u ¥
after dosed with detergent @ oVer: I A of heat reject was shown a little
increased (3% increasing). The ap ‘r‘u” \ dosed 5 mg/l showed a better

result of heat reject than CW#6 - Flea fre

,-r-— -
result line gets a better after dos: ':"’ o

7

ED K
ﬂﬂﬂ’)ﬂﬂﬂ‘iﬂﬂ’m‘i
QW’]MﬂiﬂJ AN Y

#8 was similar trend with CW#7; the
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Table 4.3.2.4 Summary the result test of CW#5 (un-dosed) and CW#6, 7, 8 (Dosed 3, 5,

10 mg/l respectively) at loading 50 MW.

Cooling Tower Performance Summary

At load megawatt : 50 MW

Average result Totalize
ltems Design 0mg/l 3 mgll 5 mgl/l 10 mg/| Varianc
(ppm) (ppm)  (ppm)  (ppm) & (%)
Water circ.rate (m3/hr.) 10,338 10129 10,024 10,040 10,018 -
Cold Water Temperature (°C) 36 .4 3765 36.09 35.71 35.34 -
Hot Water Temperature (‘@) 44°18 46.08 45.87 46.50 46.87 -
Range (°C) g/E | N4l 9.80 11.00 11.36 -
Wet Bulk Temperature (‘C) 28,1 s 428.05 28.03 28.02 28.05 -
Approach (°C) <79 9.61 8.05 7.69 7.48 -
Variance Design (%) - D 57% L 19%  2.7% 7.1% 2.6%
Heat Reject (kW) 598,349 75026 98,120 102,723 103,894 -
Cooling Efficiency > 0.509 "':,_'6.4.9 0.49 0.56 0.53 -
Variance with CW#5 (%) - o 25%  400%  465%  36.3%
Variance with Design (%) - _*~ -3 % 10.1% 15.2% 7.2%

Table 4.3,2.4 shows that water circulated rate was kept at constant

10,000-10,300m3/hr. The "averaged of/inlet; wet-bulk temperature was not significant

differential during testing.

Cold water temperaturey approach. was decreased 'after dosed with

detergent due to fouling in tower fill pack was improved. This can increase the retention

time of heat and mass transfer between water and air flow.
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40.0%
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20.0%
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-10.0% 0 :Fﬁﬂ'j¥i' 10 mg/l

Figure 4.3.2.21 Deviation-o “(ih-dosed

, X
(Dosed 3, 5, 1mn

. e&n at loading 50 MW.
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4.3.2.3 Discussion on loading megawatt 50 MW.

The conclusion for loading megawatt 50 MW. The average of hot water
temperature was 46.410C. The suitable range of detergent should be 5 mg/I. Because of
dosing 5mg/l can increase the cooling efficiency from under specify design to upper

design (10.1% increases). The approach and heat reject are better than Cooling tower

M‘ﬁ)rease when detergent was dosed
) chﬁ remove suspended solid from

he dosage 5 mg/l can show a better of
¢ dosage 5 mg

with no detergent.

The suspend
into cooling system. Be

filled pack and dispers( ‘

removing suspended soli

The ove ‘ sty o osphate, total iron, microbial) are not

different with pre-test. Th te and uctivi

ity was not much high. Although

g w». ncy (15.2%). But if compare the
chemical cost, conductivity osion ‘profile between 5 and 10 mg/l. because
conductivity and corrosion trend of-10 mglt ergent is higher than 5 mg/l detergent.
J'-Z':.u'_
= ‘JJ_.‘J' 4 .
The suggestion dosage o ‘at load

1)

suld be 5 mgl/l.

] (
AUEINENINYINg
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS
Conclusions

This study has enabled to investigate the effect of the cooling efficiency
and suspended solid removing after dose detergent chemical by a counter flow cooling
tower filled pack type. The result obtained during the investigation within a range of
experimental conditions of 40 & 50 loading .megawatt with constant of fan speed,

cooling water recirculation flow rate. The conelusion can be summarized as follows.
d

When inlet aic.wet:bulb temperature does not significantly different (vary
between 1-1.5°C with average value). Th? cooling efficiency increased when detergent
chemical is dosed at 3 mg/at plan/doading megawatt 40 MW. It increases with increase
the detergent chemical dosing to 5 mg/l.?ﬂ\td_’plant load megawatt 50 MW. The cooling
efficiency increased when detergent cheﬁmical Is dosed at 5 mg/l. It increases with
increase the detergent chemical d-los:ing to 1(},mg/|

o= M4

Suspended solid (feuling matter) which accumulate in cooling system will

d
o

removed into bulk water when increase deter”géﬁ*t_clhemical‘.is dosed between 5-10 mg/l.

It represents that thé f’oTling matter in filled pack can be r’e;jnoved from filled pack into
bulk water when deterg_ent is applied. And the result of manual weighting and visual
inspection were clearly gproofed that fouling,matter in filled pack is reduced when

detergent is used.

The.~optimize ~dosagey of » detergent,, eghemical 40 increase cooling

efficiency and remove suspended solid‘in which fouled'in fited pack'should be 3-5 mg/l.

Detergent can effect to water chemistry by increasing on turbidity,
conductivity and corrosion rate. Because detergent can disperse the suspended solid
from filled pack material into bulk water. This cause increasing of turbidity and
conductivity in bulk water. Corrosion rate is a chemical reaction. The reaction rate can

depend on total dissolved solid (or conductivity) in water.
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Recommendations

5.1 It is interesting to note that increasing of detergent chemical can
increase the cooing efficiency and a removing potential of suspended solid from filled
pack. But it should be considered carefully especially in commercial part when increase
chemical dosing. Because of increasing detergent chemical will increase potential of
corrosion rate on surface heat material heat exchanger; increase make-up water to
dilute the suspended solid concentrationiin system and especially chemical price is

increase also.

5.2 Due to"the"major root cause of serious fouling in filled pack come
from poor quality of make-up water, especially for turbidity. To enhance a fouling
problem in filled pack maierial The pre—ireatment of ‘make-up water source should be

improved.

—

5.3 Install a Side—étream ?fil&ation which is an effective method of
minimizing problems cauged by sUspend';éd ‘matter. The use of a side-stream filter
results not only in better operating '_eJ'fficienéirl?,:_.‘th also in reduced chemical costs. The
loss of water treatment chemibéls through?j_msljrption on suspended matter may be
reduced by use of a side—streaanﬂwﬁfi-lter. "l

5.4 Dueio the cooling efficiency is increaée into specify design. And
cold water temperature' is decreased as well. This can reduce turbine exhaust steam
backpressure, thus/maximizing-efficiency ofthe turbine! The stéam condenser efficiency

monitoring studylis a recommended to implement to check the heat transfer rate and

efficiency afisteam«Condenser:

5.5 Routine cleans the suspended solid matter that foul in strainer of
recirculation pump and cooling water basin. Because this suspended solid is removed
from filed pack material by using detergent chemical, to prevent it's picked up in filled

pack again. The routine cleaning is recommended.
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COOLING TOWER MASS BALANCE CALCULATIONS

1.1 Mass balance equations of recirculation cooling system

1.1.1 Range temperature: can be measured by taking the temperature of
the tower return water (TR) and subtracting the temperature of the basin supply water
(TS). This difference can be used to calculate the approximate amount of evaporation

that has occurred in the cooling tower. The range temperature can be expressed as

follows.
d
AT = TR = TS (14)
\
Where: AT = Rangeftempeature in degrees Celsius
TR = Hot water iemperature-insdegrees Celsius
TS = Cold watertemperature |ﬁ dégrees Celsius

1.1.2 Evaporation: The methb»dddpy which heat is removed from an open
recirculating cooling water systeirh IS evapor@iﬁ’-‘ of some of the water over a tower The
recirculation rate and the temperature drop éé’réés-the cool_ing tower are the two pieces
of data needed to oalcﬁulateJeherameummwwater lost from-the' open recirculating cooling
system (due to evabdration). Evaporation losses will vary diapending upon temperature
and humidity, but a géheral rule is that for every 5.5°Citemperature drop across the
tower, approximately 0:85% aof the recirculation ratelwill'be‘evaporated. The evaporation

can be expressed as follows.

AT ¥ RR'x0.85%
5.5

Evaporationrate =

By arrangement, find that.

Evaporationrate = AT x RR x 0.00153

Where: RR = Recirculation flow rate
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1.1.3 Cycle of concentration: The concentration ratio (CR) of an ion
carried in a recirculating system is merely the concentration of that ion in the
recirculating water divided by the concentration of the ion in the makeup water.

Concentration ratio is also referred to as follows.

Specify ion concentration in cooling water
Cycle = pecy 8 (17)

Specify ion concentration in makeup water

1.1.4 Makeup water: The water that must be added to replace water lost

from the recirculating system by evaporation=and. bleed-off (or blowdown) is called
2

makeup water. The amount.ef~water entering the system must be equal to the amount

leaving the system

Makeupsvater = Blow down + Evaporation  (18)

If the temperature d?op acr;sté the tower and the recirculation rates are
known, the amounts of water lost throu_'gh ‘evaporation can be calculated. If the

' 4
concentration ratio is also known; then"f_h_e- makeup water requirements can be
it 2228
calculated using —

o Joiy
J d ol

Evaporation x Cycle
Makeup water = = - (19)

(Cycle—1)~_/

1.1.5 Blow down water: all of these water 10sses, except for evaporation,
are generally consideredtogether and called-towerswater blowdown System. Blowdown

(BD) rate can be, calculated from thefollowing expression.

Evaporation
Blow'down water. = —rtor - 07 (20)
(Cycle—-1)
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2.2 Summary of calculation of cooling tower.

noe ]

d
s ba anc@water and calculation.
ation "'k " m-\ design

Figure A1 Summz
2.2.1 Nomenclatur:
2.2.1.1 CR=Cycle offt

= Calcium ca ' “in cooling water / Calcium concentration in

\

makeup
=C,/C;=226/¢

2.2.1.2 T1=Cold w
Vi

2213 T2= Hotmte

2214 ﬁR{jerLﬁ‘aﬁn flow ratgv‘| Nw QE(J)‘LC_S] *Ihr

2.2.1.5 E=Evaporation rate (m /hr R x (T1 T2) x 0.00 15
s
q 1 @ﬁﬂﬁﬂ&&l%’%’) ngaag
=133 m’/hr
2.2.1.6 MU=Makeup water required (ma/hr) =ExCR/(CR-1)
=133.3x7.5/(7.51) = 153.8 m’/hr

2.2.1.7 BDc=Blow down water (m3/hr) = E/(CR-1) = 20.5 m3/hr
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CALCULATIONS FOR HEAT PENALTY ACROSS COOLING TOWER
2.1 Definite of Heat rate penalty

Typically, a change in eandenser backpressure (increase or decrease)
will have an impact on the efficiency of the unit. li'backpressure increases, more fuel is
required to produce the same amount of energy-and the percent efficiency of the unit
decreases. In some regions, this-efiiciency is described as the heat rate of the unit. The
unit gross heat rate is*defined as ihe rat‘i,lo of the total energy input (fuel) to the energy
output (electricity). The'energy input_(Btu/h or MJ/h) is the product of the heat content of
the fuel in Btu/lb (MJ/kg); and the total:fuel;eonsumed in lb/h (kg/h). The energy output is

\ #

the measured gross electrical ehergy (MW) Heat rate is expressed as Btu/MWh
(MJ/MWh), and is essentially af inverse of percent efficiency for the unit. Important rules
- )
akd ¥ F
of thumb for condenser-turbine sets are as fol]py\gsJ:

=t

+ _ Heatrate-1s defined é%'?'fuiﬂ’usage in.Btu (MJ) per gross amount

Fhe higher the heat rate, the less efficient the process

In fossil-fuel “plants, fuel ‘consumption @r heat rate (Btu/MWh,
MJ/MWh) willgincrease about 1-2% per inch Hg increase in
backpressure! (0.3-0:7% | per kPa-increase) ~Conversely, the
percent efficiency will decrease by 1-2% per inch Hg decrease in

backpressure (0.3-0.7% per kPa decrease) in fossil-fuel plants

The heat rate penalty or loss of efficiency will be a greater

percentage as unit load deceases
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Each 0.3% of heat rate penalty ~ 1 kPA of back pressure

increase

Whereas 0.19% of heat rate penalty = 14.25 - 15.2 kJ/kWH

losses.

0.5% of heat rate penalty or 1.5°C increase of hot water

540 kJ/kWH losses.

called the heat rate pe
increase in backpress : ated » 1 a simple equation. The first step is to
determine the curren ‘ . c Y ssure loss, design heat rate penalty,
design heat rate, and f '. it btain the heat rate from the plant and

determine if it is the gros

2.2 Finance impact of 1_ ien alculation from Electrical utility

condenser pressure.

ST
Ao b

2.1 Conceptual of«Calcl ot 7 .
"e— —ES Y
3 J

s i ‘ .
High cal Wwrbine backpressure increase

(lower vacuum in condénser).
-3 LY
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Figure A2 Relation of Loading, Cold Temperature & Back Pressure. (Nalco company,

2005:43-366, 2007:1)

Change in condenser backpressure will have a serious impact on the

efficiency of the power plant. As backpressure increases,

More fuel is req //}
» i ien’@it decrease.

Power M : \\“\\\5' ribed in the heat rate of the unit.
ii \

The unit gross heat ra ~the rat total energy input (fuel) to the

duce the same amount of energy

energy output.

The per i hea rate C - backpressure increase is called
22'
heat rate penalty. Following i ‘?5’; heat rate * erent power plant type and the

heat rate penalty.

Table A1 Heat rate pena backpressure. (Nalco company,

2005:43-266, 2007: ’yil— 1.\;
| m Heat Rate
Unit Heat Rate Penalty
‘a Q/
‘ ’ W % of 1 kPas change
sure, ‘
Type of unit bar Fuel' Typical Heat Rate, kJ/KWh g _in backpressure
ﬂ o B 7] 3 Tohd ol V1 Votofbh £ B £ oo
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Figure A3 Graph of impagi#€o ter tem _- on efficiency loss(available online

differential with CW#5 (no

detergent condition.

Table A2 summary Coldyvater temperature after dosed at 3, 5, 10 mg/l and heat rate

penalty (%) v Ejlzl' ljﬂglj{ljﬂgl’]nj

Value Dewatlon Heat rate penalty (%)

- AT LT TTRT T

Cold Temperature at 3 mg/| detergent 36.09 0.09 0.02% (Heat loss)

Cold Temperature at 5 mg/l detergent 35.41 -0.59 -0.20% (Potential saving)
Cold Temperature at 10 mg/l detergent 35.17 -0.83 -0.25% (Potential saving)
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Heat rate penality (%) at loading 50 MW

0.4% - 0.35%

0.3% -

0.2% -

0.1% -

0.02%

0.0%

0.1% - Dosed 0 mg/I

-0.2% -

-0.3% -
Figure A4 summary gra r each of detergent condition

Figure A ater temperature from better

cooling tower at loading will give the 0.35% of heat rate
penalty. The dosage of det 0.02% of heat rate penalty. While
dosage of detergent at 5 mg/l w potential (0.2%). Same with dosage of

By conﬁre s reﬁtween cooling tower without

using detergent and Coodngtower where used detergent. Use the concept in item 2.1.

Total ca|cu|atmﬂ>ﬂhbg ;fr}éﬂeﬁtw ﬁwqm month.
AR a\ﬂﬂ'ﬁm URIINYIA Y
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