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WB.GRIMM

SINCE 1878 B.Grimm Power (WHA) 1 Co., Ltd.

Backup Auxiliary Cooling System
1. General Information

The auxiliary cooling system provides cooling for generators, turbines, sampling rack and
vacuum pump seal water. The auxiliary cooling water on cold side of the heat exchanger
which is supplied from auxiliary cooling water pump which take their suction from cooling
tower basin.

The backup auxiliary cooling system shall provide cooling for generator cooler and gas
turbine lube oil cooler during the plant in one GT simple cycle operation.

2. Purpose

Since the air contains dust and dirt that collect in the main cooling tower basin. With no
filtration, the dirt and other suspended solids accumulate and can cause scale, fouling,
corrosion, etc. All of these reduce the efficiency of the entire system. Periodically 3 years the
cooling tower will need to be manually cleaned during ST minor/major inspection and GT
B/C inspection.

With the PEA backup power 17 MW of contract capacity is less than 26-29 MW of BIG
load. Hence, BPWHA1 complete shutdown and import power for BIG will not be allowed
by PEA backup power contract capacity.

To continuously supply power to BIG, one GT in simple cycle operation is required. The
backup auxiliary cooling system shall be operated to provide cooling for generator cooler
and gas turbine lube oil cooler during the plant in one GT simple cycle operation.

3. Backup Aucxiliary Cooling System Description

The backup auxiliary system shall consist of an auxiliary cooling tower, which rejects the
heat collected from heat exchanger (heat load from GT generator/lube oil coolers) to the
atmosphere through a mechanical draft auxiliary cooling tower.

Following configuration is foreseen:
Auxiliary cooling tower (ACT) 1 x 100% (FRP structure type)

Backup Auxiliary cooling water pump (BACWP) 1 x 100% (vertical type)

1|Page
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SINCE 1878

B.Grimm Power (WHA) 1 Co., Ltd.

4. Design Calculation of Backup Auxiliary Cooling Flow Rate
Refer to BWCE-M-T-LS-0002 closed cycle cooling water consumption list.
No. Equipment Cooler Quantity Flow [t/h] Heat Load [kW] Temperature [°C] Pressure
Q'ty Cooled Operate per Set Total per Set Total Inlet Rise Outlet Loss
[bar]
1| GT Generator Cooler | 4 4 4 225 | 90.0 183.2 7327 | 420 7.0 | 49.0 0.40
2| GT Lube Oil Cooler 1 1 1 1050 | 105.0 | 1,168.0 | 1,168.0 | 42.0 9.6 | 516 0.50
TOTAL 195.0 1,900.7

The water temperature drop on hot side is calculated as below. (Refer to BWCE-M-T-CL-

0019)

_ 3.6xD
0, xC,

D : Heat Duty

AT

Qu : Flow Rate on hot side

Cp : Specific Heat Capacity

1,900.7 kW
195 t/h

4.070 kJ/kgK (Preliminary)

AT = (3.6 x 1,900.7) / (195 x 4.070) = 8.6 deg.C

Hence the inlet temperature on hot side is T1 =42.0 + 8.6 = 50.6 deg.C

The required flow rate on cold side is calculated as below.

Af = 3.6xD
Oc xCp
D : Heat Duty

Cpr : Specific Heat Capacity

designed water temperature cold side is 36.5 deg.C (HEX specification)

1,900.7 kW
4.190 kJ/kgK

designed outlet temperature from heat exchanger is 45.0 deg.C (HEX specification)

AT=45.0-36.5=28.5deg.C

Hence the required flow rate on cold side is

Qc=(3.6x1,900.7) /(8.5 x 4.190) = 192 t/h

Water density = 990.63 kg/m3 (refer BWCE-M-T-PG-1004 HEX data sheet)

Qc=(192x1000)/990.63 = 193.8 m3/h

2|Page
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SINCE 1878 B.Grimm Power (WHA) 1 Co., Ltd.

5. Design Calculation of Backup Auxiliary Cooling Water Pump

5.1 Pump Capacity

The capacity of the pump is determined based on the required auxiliary cooling water
flow 193.8 m3/h

Taking 10% margin, the design flow capacity shall be determined as follows;
193.8 x 1.10=213.2 m3/h = 3.55 m3/min — 4.0 m3/min

Pump Capacity : 4.0 m3/min

5.2 Total Head
5.2.1 Static Head

(a) Highest Piping Level (ACT inlet) GL +3.00 m
(b) LLWL of ACT Basin -GL+1.00m
Static Head =2.00 m

Static Head = 2.00 mAq

5.2.2  System Loss (refer to BWCE-M-T-CL-0006)

(a) Piping Loss (CT Basin to Pump) + 10% margin 0.17 mAq
(b) Piping Loss (Pump to CCC HE) + 10% margin 1.54 mAq
(c) Strainer Loss at CCCW HE Inlet 1.6 mAq
(d) Strainer Loss at BACWP Inlet 0.7 mAq
(e) CCCW HE Loss 4.2 mAq
(f) Piping Loss (CCC HE to ACT) + 10% margin 4.77 mAq
(g) Required Pressure at CT inlet (GL +3.00) 1.7 mAq
Total = 14.68 mAq

System total loss 14.68 mAq

5.2.3 Differential Pressure
Based on the above 5.2.1 through 5.2.2, required total head is calculated as follows

Static Head 2.20 mAq
System Loss 14.68 mAq
Required Total Head 16.88 mAq
With 5% margin 17.7 mAq

Total Head : 17.7 mAq

3|Page
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SINCE 1878 B.Grimm Power (WHA) 1 Co., Ltd.

5.3 Driver Capacity Calculation
The required pump shaft power at design flow is calculated as follows
Required Pump Shaft Power = 16.3 x SGx Q x H/ eff
SG : Specific Gravity [kg/m3]
Q : Pump Capacity [m3/min]
H : Total Dynamic Head [mAq]
eff : Pump efficiency [%] use 74.4%
Required Pump Shaft Power = 16.3 x 0.998 x 4.0 x 17.7/74.4 =15.48 kW
Motor Output = 15.48 x 1.1 (Margin) = 17.03 kW — 20.0 kW

Selected Motor 20.0 kW

4|Page
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SINCE 1878 B.Grimm Power (WHA) 1 Co., Ltd.

Estimated Budget for Backup Auxiliary Cooling System

No. Description Butget Remark
[Baht]
1 Cooling Tower and Installation 700,000
2 | Concrete slap for auxiliary cooling tower 100,000
3 | Power supply 100,000 | To be done by ES team
4 | Makeup Water supply 50,000 | To be done by MS team
5 | Modify existing ACW supply and return pipe 300,000
Total estimated budget 1,250,000

5|Page
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BWCE CCCP Project
Main Cooling Water / Auxiliary Cooling Water Consumption List

BWCE-M-T-LS-0002

Cooler Quantity Flow [t/h] Heat Load [kW] Temperature [°C] Pressure
No. Equipment Loss
Qty | Cooled |Operate| per Set Total per Set Total Inlet Rise Outlet [bar]
1 |Condenser 1 1 1 7,380.0f 7,380.0| 119302.87 119302.87 36.5 13.9 50.4 0.44
2 [CCCW Heat Exchanger 2 1 1 596.0 596.0 5,892.8 5,892.8 36.5 8.5 45.0 0.46
TOTAL - - - - 7,976.0 - - - - - -
Notes

MCW/ACW inlet temperature is based on Heat Balance Diagram (BWCE-G-T-PB-0001) Case-46, because the case has maximum cooling water

temperature under the ambient temperature of 40 deg.C.




BWCE CCCP Project

Closed Cycle Cooling Water Consumption List

BWCE-M-T-LS-0002

. Cooler Quantity Flow [t/h] Heat Load [kW] Temperature [°C] Pressure
No Equipment Loss
Qty [Cooled [Operate| per Set Total per Set Total Inlet Rise Outlet [bar]
1 |GT 1 Generator Cooler 4 4 4 225 90.0 183.2 732.7 42.0 7.0 49.0 0.40
2 |GT 2 Generator Cooler 4 4 4 22.5 90.0 183.2 732.7 42.0 7.0 49.0 0.40
3 [GT 1 Lube Qil Cooler 1 1 1 105.0 105.0 1,168.0 1,168.0 42.0 9.6 51.6 0.50
4 |GT 2 Lube Oil Cooler 1 1 1 105.0 105.0 1,168.0 1,168.0 42.0 9.6 51.6 0.50
5 [ST Lube Oil Cooler 2 1 1 105.0 105.0 854.8 854.8 42.0 7.0 49.0 0.29
6 [ST Generator Cooler 2 2 2 40.0 80.0 358.2 716.4 42.0 7.7 49.7 0.22
7 |Sampling Rack Cooler 1 1 1 25.0 25.0 465.2 465.2 42.0 16.0 58.0 1.00
8 [Vacuum Pump Seal Water Coole 2 1 2 13.5 27.0 55.0 55.0 42.0 8.3 50.3 0.87
TOTAL - - - - 627.0 - \5,892.8 - - - -
Notes \

CCCW inlet temperature is based on under the ambinent temperature of 40 deg.C.

[The Auxiliary Cooling Tower
Skid shall be used for

- GT1 Gen Cooler 732.7 kW

- GT1 Lube Oil Cooler 1,168 kW

[Total Heat Load for Auxiliary
Cooling Tower Skid =
732.7+1,168 kW = 1,900.7 kKW
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TPSC (Thailand) Co., Ltd. CAL-MME-XBWN1-0007

DESIGN CALCULATION OF AUXILIARY COOLING WATER PUMP

1 GENERAL

Two (2) x 100% capacity of Auxiliary Cooling Water Pumps are provided to circulate the
cooling water to CCCW Heat Exchangers.

Auxiliary Cooling Water Pump 1 (01PCC11AP001 )
Auxiliary Cooling Water Pump 2 (01PCC12AP001 )

(a) Design Flow : 11.0 m®min
(b) Total Head :22.5 mAq
(c) Motor Rating : 75 kW

Reference Document
BWCE-M-T-LS-0002 Cooling Water Consumption List
BWCE-M-T-PD-0009 PID for Main Cooling Water System
BWCE-M-T-PD-0010 PID for Closed Cycle Cooling Water System

2 DETERMINATION (DESIGN)

2.1 PUMP CAPACITY

The capacity of the pump is determined based on the total required cooling water flow as
shown in Table 1.

Table 1 Auxiliary Cooling Water Flow

Quantity of Equipment Flow Rate [m%h]

Equipment Equip Cooled Operate | per Unit Total
1| CCCW Heat Exchanger 2 1 1 596.0 596.0
Total — — — — 596.0

Taking 10% margin per a pump, the design flow capacity shall be determined as follows.
596.0 x 1.10 = 655.6 m*h =10.93 m*min > 11.0 m%min

Pump Capacity : 11.0 m®min

CLIENT : BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.
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TPSC (Thailand) Co., Ltd. CAL-MME-XBWN1-0007

2.2  TOTAL HEAD

2.2.1 Static Head

(@) Highest Piping Level (CT inlet) GL+895 m
(b) LLWL of Cooling Tower Basin - GL+220 m
Static Head = 6.75m

Static Head = 6.75 mAq
2.2.2  System Loss

(@) Piping Loss (CT Basin to Pump) +10%margin 0.17 mAqg
(b) Piping Loss (Pump to CCC HE) +10%margin 1.54 mAqg
(c) Strainer Loss at CCCW HE Inlet 1.6 mAqQ
(d) Strainer Loss at ACWP Inlet 0.7 mA(Q
(e) CCCW HE Loss 4.2 mAqg
() Piping Loss (CCC HE to to CT) +10%margin 4.77 mAq
(g) Required Pressure at CT inlet (GL+8.95) 1.7 mAg
Total 14.68 mAq

Based on above calculation, we apply the system loss of 14.68 mAq for total head.

2.2.3 Differential Pressure

Based on the above 2.2.1 through 2.2.2, required total head is calculated as follows:

221 Static Head 6.75 mAg
2.2.2 System Loss 14.68 mAQ
Required Total Head 21.43 mAg

With 5% margin 2250 mAg

> 22.5 mAq

Total Head : 22.5 mAq

3 DRIVER CAPACITY CALCULATION

The Required Pump Shaft Power at design flow is calculated as follows.
Required Pump Shaft Power = 16.3 x SG x Q x H / eff

SG : Specific Gravity [kg/m?]

Q : Pump Capacity [m*min]

H : Total Dynamic Head [mAq]
eff : Pump efficiency [%0]

Required Pump Shaft Power = 16.3 x 0.998 x 11.0 x 22.5/ 74.4 =54.12 kW
Motor Output = 54.12 x 1.1 (Margin) = 59.52 kW > 75 kW
-> Selected Motor: 75 kW

CLIENT : BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.
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4  CONFIRMATION OF NPSHR and NPSHA

4.1  AVAILABLE NPSH
The available NPSH of Main Cooling Water Pump is calculated as follows :
NPSHA = h, — hy, + hg— h;

h, : Ambient Pressure [m]

hy : Cooling water saturated pressure [m]
he : Suction static head [m]

h; : Piping Pressure Drop [m]

CT basin low water level and Pump shaft center level are determined as follows:

CT basin low water level :GL+2.2m
Pump shaft center level : GL+0.78 m

And h,, hy, hs, and h; are calculated as follows :

h, = 1.000 bar = 10.2 m

h, = Saturated pressure of fluid at 39.0 deg.C = 0.71 mAq
hs = CT Basin LWL — Pump Center Level

hs = (GL+2.2) — (GL+0.78) = 1.42m

h; = Suction piping loss 0.2 m

Then NPSH, is calculated as follows :

NPSH, =10.2-0.71 + 1.42 - 0.2 =10.71 mAq
4.2  AVAILABLE MARGIN in NPSH

NPSHR = 6.34 m based on the performance curve

NPSHA = 10.71 m > 6.97 mAq =NPSHg x 1.2

Hence, NPSH,is sufficiently greater than NPSHg.

CLIENT : BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.
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5. SIZING DESIGN DATA
Please refer to “Data Sheet for Auxiliary Cooling Water Pump”(BWCE-M-T-PA-3002).

6. PERFORMANCE CURVE
Please refer to “Data Sheet for Auxiliary Cooling Water Pump”(BWCE-M-T-PA-3002).

CLIENT : BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.

5/5



This documentation

Co., Ltd,.

without their written permission.

is CONFIDENTIAL and is
INTELLECTUAL PROPERTY of TPSC (Thailand)
It must not be copied,
transferred, nor must be disclosed to any third party

loaned or

FINAL, APPROVED FOR
CONSTRUCTION

OWNER |

YIB.GRIMM Bowin Clean Energy Limited

SINCE 1878

PROJECT |

BWCE Combined Cycle Cogeneration
Plant Project

CONTRACTOR

TPSC

(Thailand) Co., Ltd.

TITLE |

DESIGN CALCULATION OF
CCCW HEAT EXCHANGER

PROJECT CONTROL NO. BWCE-M-T-CL-0019 REV. 1

APPROVED: Y.Fukuda JOB NO. SCALE DATE

CHECKED: H.Obe - NONE | 16 Dec.'15

DESIGNED: Worachart S.
REV

16 Dec. ‘15

For final approved for
construction

Y.Fukuda

Y.Fukuda

Worachart S.

DRAWING NO.

CAL-MME-XBWN1-0008 1

12 Nov ‘14

First Issue

Y.Fukuda

Y.Fukuda

Worachart S.

REV

DATE

DESCRIPTION

APPROVED

CHECKED

DESIGNED

TPSC (Thailand) Co., Ltd.




TPSC (Thailand) Co., Ltd. CAL-MME-XBWN1-0008

DESIGN CALCULATION OF CCCW HEAT EXCHANGER

1. GENERAL

This document describes the determination of CCCW Heat Exchanger for BWCE
Combined Cycle Cogeneration Plant Project.

Two (2) x 100% of CCCW Heat Exchanger would be supplied for Closed Cycle Cooling
Water system. The cooling water on cold side of heat exchanger is supplied from Auxiliary
Cooling Water Pump. The closed cycle cooling water on hot side of heat exchanger is
supplied from Closed Cycle Cooling Water Pump.

The required flow rate and heat duty are based on Auxiliary Cooling Water Consumption
List (BWCE-M-T-LS-0002).

For the data sheet of CCCW Heat exchanger please refer to : BWCE -M-T-PG-1004

2. SPECIFICATION

1) Quantity 100% x 2 sets (1 Duty / 1 Standby)
2) Type Outdoor Plate Type
3) Flow Rate Hot Side (CCCW) 627 t/h
Cold Side (ACW) 596 t/h
4) Inlet Temp. Hot Side (CCCW) 50.31 deg.C

Cold Side (ACW) 36.5 deg.C (HBD case-46)
5) Outlet Temp. Hot Side (CCCW) 42.00 deg.C
Cold Side (ACW) 45.04 deg.C

6) Heat Duty on CCCW side 5892.8 kw

7) Specific Heat Capacity 4.167 kJ/kgK

8) Heat Transmission Coefficient 5,181 W/m?K

9) Total Active Area 233.31 m?

10) Plate Material 0.5 mm SUS316L
11) Gasket Material NBR

CLIENT: BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.
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3. LOGARITHM MEAN TEMPERATURE DIFFERENCE
1) The water temperature drop on hot side is calculated as below.
3.6xD

Qu xCy.

D : Heat Duty 5892.8 kw

Qn : Flow Rate on hot side 627 t/h

Cp : Specific Heat Capacity 4.070 kJ/kgK (Preliminary)

| 3.6x5892.8
627 x4.070

AT =

=8.31 deg.C

Hence the inlet temperature on hot side is T; = 42.00 + 8.31=50.31 deg.C

2) The water temperature rise on cold side is calculated as below.

At = 3.6xD
Qc xCp
D : Heat Duty 5892.8 kW
Qc : Flow Rate on cold side 596 t/h
C»r : Specific Heat Capacity 4.190 kJ/kgK
(- 26x58928 o0 oo
596 x 4.190

Hence the outlet temperature on cold side is t, = 36.5 + 8.5 = 45.0 deg.C

3) The logarithm mean temperature difference is calculated as below.

T, =50.31 deg.C

T, = 42.00 deg.C //é 2 = 45.0 deg.C
t; = 36.5 deg.C

T, : Inlet Temperature on hot side (deg.C)

T, : Outlet Temperature on hot side (deg.C)

t;:  Inlet Temperature on cold side (deg.C)

to . Outlet Temperature on cold side (deg.C)

CLIENT: BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written
permission.
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_ (M—t)-(,-t) _ 527-55 5,40 deg.C
In((T, -t,)+ (T, -t,)) In(5.27 +5.5) ' '

4. TOTALACTIVE AREA
The required active area is calculated as below.

Ao 1000x D
Kx8,
D : Heat Duty 5892.8 kW
Bm: Logarithm Mean Temperature Difference 5.40 deg.C
5,181 W/m’K

K : Heat Transmission Coefficient

_1000x5892.8 _ 210.6 m2
5181x5.40

Hence, total active area of 233.31 m? is enough for the required active area (11 % margin).

CLIENT: BOWIN CLEAN ENERGY LIMITED

This documentation is CONFIDENTIAL and is INTELLECTUAL PROPERTY of TPSC (Thailand) Co., Ltd.,.
It must not be copied, loaned or transferred, nor must be disclosed to any third party without their written

permission.
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Data Sheet

Contact: Hsein Loong Item: 10 Alternative: 0
Customer Item: Closed Cycle Cooling Water Heat Exchanger Amount: 2 9-Jul-15
GEA ECOFLEX Plate Heat Exchanger: NT250S BA-100
Thermal data for 1 unit(s) in parallel and 1 unit(s) in series

hot side cold side
Media: CCC Water Raw Water
Heat exchanged: 5892.80 kw
Mass flow: 627000 596000 kg/h
Volume flow: 634.32 601.64 m3/h
Temperature inlet: 50.31 36.50 T
Temperature outlet: 42.00 45.04 T
Pressure drop: 0.49 0.44 bar
Velocity connection: 3.59 3.40 m/s
Filling volume: 0.4000 0.4000 m3
Product properties
Density: 988.46 990.63 kg/m3
Heat capacity: 4070.00 4166.76 J/kgK
Thermal conductivity: 0.6390 0.6327 W/mK
Dyn. viscosity inlet: 0.544 0.698 cP
Dyn. viscosity outlet: 0.628 0.594 chP
Unit Data
Plate Type: NT250S HV
Heat transfer area (total / per unit): 233.31 233.31 m2
Number of plates (total / per unit): 233 233
Plate thickness: 0.50 mm
Log. mean temperature difference: 5.38 K
OHTC needed / clean: 4691 5181 W/m2K
Surface margin / Fouling factor: 10.45 % 20 m2K/W E-6
Plate material: AISI316L
Gasket material / Gasket type: NBR glueless
Internal flow (passes x channels): 1x116 1x116
No. of frames (par. / ser. / total): 1 1 1
Material pressure plates / surface: SA516GR60 painted RAL5002
Tightening bolt material and surface: SA193/194 galvanized
The connection types and positions are defined in the attached dimension sheet.
Design temperature: Min.: 0.00/0.00 Max.: 60.00/55.00 T
Design pressure: Min.: 0.00/0.00 Max.: 8.00/5.00 barg

Test pressure:

Design code: ASME

Remarks:

10.40/6.50 barg
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Y6} LIANG CHI INDUSTRY ( THAILAND )

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

DATE : 7 November 2019
TOWER MODEL NO. . TLC-175
NO. OF SETS 1

DESIGN & OPERATING CONDITIONS
WATER FLOW RATE. : 200

CO., LTD.

.

‘\

M’/HR /SET
HOT WATER TEMP. L 450 oc
COLD WATER TEMP L 365 oc
AMB. WET BULB TEMP, . 290 oc
EACH FAN BHP. . 625 BHP/CELL
TOTAL FAN BHP. L 625 BHP/SET
TOWER PUMP HEAD . 41 M
DRIFT LOSS OF WATER FLOW RATE . 0.005 %
EVAPORATION LOSS OF WATER FLOW RATE : 142 %
DESIGN WIND LOAD L 200 K /M
STRUCTURAL DETAILS
OVERALL DIMENSION L * W ©2600%4200 MM
DRY WEIGHT - 2015 Kg
OPERATING WEIGHT PER TOWER © 1495 Kg
CONSTRUCTION
TOWER SUPPORT FRAME ASS'Y . HDGS.
CASING . FRP.
COLD WATER BASIN . FRP.+HDGS.
PARTITION & FRAME . FRP.+HDGS.
FILLING . PV.C. E—
FILLING SUPPORTOR . HD.GS. [ e BEE =
FAN GUARD . HDGS. \ .
MECHANICAL EQUIPMENT SUPPORTOR : wo@s - | e
FAN STACK . FRP. ‘\! T ,61;} oV ng
BOLTS.NUTS & WASHERS : ST8 ¥

,l >

LIANG CHI COOLING TOWER

31N !"b‘,

TLC-175 SPEC : PAGE 1 OF 3



LIANG CHI INDUSTRY ( THAILAND ) CO., LTD.

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

WATER DISTRIBUTION
MATERING ORIFICE MATERIAL

MECHANICAL EQUIPMENTS

FAN UNIT
NO. OF UNIT
TYPE
MODEL
MANUFACTURER
DIAMETER
NO. OF BLADES
FAN SPEED
TIP SPEED
BLADE MATERIAL
HUB MATERIAL
AIR VOLUME

SPEED REDUCER o it U
X5, OF TRTT - R ND; COLTD)]
TYPE : '
MODEL

7 OTRRR.......

v
Y

MANUFACTURER A
REDUCTION RATIO .. 1/ 4

FAN MOTOR
NO. OF UNIT
TYPE
INSULATION
MANUFACTURER
SPEED
RATED H.P.
POWER SOURCE ( VOLT/PHASE/HZ )

LIANG CHI COOLING TOWER

MATERING ORIFICE
PP.
1 UNIT/ SET

AXIAL FLOW (AERO FOIL)

RISE 2150x+4

RISE

2150 MM

4

398 RPM

14.82 M/S

AA.

CARBON STEEL

2202 M’/ MIN/CELL
1 UNIT / SET
GEAR

LGMF-055

LIANG CHI IND. CO..LTD
3.636: 1

1 UNIT / SET

TEFC (S.F.1.15)
CLASS F IP55

LIANG CHI
1450 RPM
7 172 HP. *4P

380/3/50

TIL.C-175 SPEC: PAGE 2 OF 3
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LIANG CHI INDUSTRY ( THAILAND ) CO., LTD.

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

PIPING CONNECTION SIZE QTY /SET
WATER INLET 5 B(125A) 2
WATER OUTLET 8 B(2004) i
AUTO FILL 2 B(50A) !
QUICK FILL 2 B(30A) 1
OVER FLOW 2 B(350A) :
DRAIN 2 B(50A) 1
REMARK

FRP.  : FIBERGLASS REINFORCE PLASTIC

HD.GS. : HOT DIP GALVANIZED STEEL

AA. . ALUMINIUM ALLOY

ST.S.  : STAINLESS STEEL 304

PV.C.  : POLYVINYL CHLORIDE

PP. - POLYPROPYLENE

'?; \PEROVED
58 v s

s e,
s e, i,

!

CHECK

APPROVE

LIANG CHI COOLING TOWER TLC-175 SPEC: PAGE 3 OF 3
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LIANG CHI INDUSTRY ( THAILAND ) CO., LTD.

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

DATE - 7 November 2019
TOWER MODEL NO. . TLC-175
NO. OF SETS |

DESIGN & OPERATING CONDITIONS

WATER FLOW RATE. S 200 M/HR /SET
HOT WATER TEMP. . 450 oc

COLD WATER TEMP 365 oc

AMB. WET BULB TEMP. 290 oc

EACH FAN BHP. 625 BHP/CELL
TOTAL FAN BHP. 625 BHP/SET
TOWER PUMP HEAD ¢ i M

DRIFT LOSS OF WATER FLOW RATE ©0.005 %
EVAPORATION LOSS OF WATER FLOW RATE : 142 %

DESIGN WIND LOAD © 200 Kg /M

STRUCTURAL DETAILS

OVERALL DIMENSION L * W . 2600%4200 MM
DRY WEIGHT o 2015 Kg
OPERATING WEIGHT PER TOWER o 4495 Kg
CONSTRUCTION

TOWER SUPPORT FRAME ASS'Y . HD.GS.

CASING : BERP.

COLD WATER BASIN - FRP.+HD.GS.
PARTITION & FRAME : FRP.+HD.GS.
FILLING : PV.C.

FILLING SUPPORTOR : HDGS.

FAN GUARD ;- HD.G.S.
MECHANICAL EQUIPMENT SUPPORTOR : HD.GS.

FAN STACK : ERP.

BOLTS.NUTS & WASHERS : ST.S

LIANG CHI COOLING TOWER TLC-175 SPEC: PAGE 1 OF 3



LIANG CHI INDUSTRY ( THAILAND ) CO., LTD.

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

WATER DISTRIBUTION
MATERING ORIFICE MATERIAL

MECHANICAL EQUIPMENTS

FAN UNIT
NO. OF UNIT
TYPE
MODEL
MANUFACTURER
DIAMETER
NO. OF BLADES
FAN SPEED
TIP SPEED
BLADE MATERIAL
HUB MATERIAL
AIR VOLUME

SPEED REDUCER
NO. OF UNIT

TYPE

MODEL
MANUFACTURER
REDUCTION RATIQ +¢conic ry

FAN MOTOR
NO. OF UNIT
LYEE
INSULATION
MANUFACTURER
SPEED
RATED H.P.
POWER SOURCE ( VOLT/PHASE/HZ )

LIANG CHI COOLING TOWER

MATERING ORIFICE
PP.
1 UNIT / SET

AXIAL FLOW (AERO FOIL)

RISE @2150x4

RISE

2150 MM
4

398 RPM
44.82 M/S
AA.

CARBON STEEL

2202 M/ MIN/CELL
1 UNIT / SET
GEAR

LGMF-055

LIANG CHI IND. CO..LTD
3.636:1

1 UNIT / SET
TEFC (S.F.1.15)
CLASS F IP55

LIANG CHI
1450 RPM
7 172 H.P. * 4P

380/3/50

TLC-175 SPEC: PAGE 2 OF 3



0} LIANG CHI INDUSTRY ( THAILAND ) CO., LTD.

INDUCED DRAFT CROSS FLOW LOW NOISE TYPE
TLC TYPE COOLING TOWER SPECIFICATION

PIPING CONNECTION SIZE QTY/SET
WATER INLET 5 B(125A) 2
WATER OUTLET 8 B (200 A) 1
AUTO FILL y; B(50A) 1
QUICK FILL 2 B(50A) 1
OVER FLOW 7 B(50A) 1
DRAIN 2 B(50A) 1
REMARK

FRP. : FIBERGLASS REINFORCE PLASTIC

HD.G.S. : HOT DIP GALVANIZED STEEL

AA. . ALUMINIUM ALLOY
ST.S. : STAINLESS STEEL 304
P.V.C. : POLYVINYL CHLORIDE
PP. : POLYPROPYLENE

LIANG CHI COOLING TOWER TLC-175 SPEC: PAGE 3 OF 3
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Pump size & type / Stages : MEN150-125-250L /1

Based . : 5986883
FLOWSERVE R 268 mm

Impeller diameter

S
Customer - Capacity :200.0 m*/h
Iltem number : Pump Cooling Head :22.50m
Service : CWP Density / Specific gravity :-/1.000
Flowserve reference 11970438221 Pump speed 11470 rpm
Date : October 28, 2019 Ns / Nss : 3059 / 10293 (Metric units)

Test tolerance 1 1SO 9906 Grade 2B

CURVES ARE APPROXIMATE, PUMP IS GUARANTEED FOR ONE SET OF CONDITIONS; CAPACITY, HEAD, AND EFFICIENCY.
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The customer must provide a minimum NPSHa of 3.3 m.

Copyright © 2016 Flowserve. All rights reserved. Affinity v2.14.10



FII)VVSERVE Hydraulic Datasheet
N
Customer - Pump / Stages : MEN150-125-250L /1
Customer reference : FPC-190262-BWCE Based on curve no. : 5986883
Item number : Pump Cooling Flowserve reference 11970438221
Service : CWP Date : October 28, 2019
Operating Conditions Materials / Specification
Capacity (rated/normal) :200.0 m¥h /- Material column code :FB1
Water capacity (CQ=1.00) - Pump specification -
Total developed head 12250 m Other Requirements
Water head (CH=1.00) - Hydraulic selection : No specification
NPSHa/NPSHa less margin : Ample / - Construction : No specification
Maximum suction pressure : 0.0 kPa.g Test tolerance : ISO 9906 Grade 2B
Liquid Driver Sizing : Max Power(MCSF to EOC) not using SF
Liquid type : Other
Liquid description : Cooling water
Temperature :40°C
Density / Specific gravity :-/1.000
Solid Size - Actual / Limit ==
Viscosity / Vapor pressure :1.00cP /-
Performance
Hydraulic power 1 12.2 kW Impeller diameter
Pump speed : 1470 rpm Rated 1268 mm
Pump overall efficiency (CE=1.00) 1755 % Maximum 1268 mm
NPSH required (NPSH3) :28m Minimum 1227 mm
Rated brake power 1 16.2 kW Ns / Nss : 3059 / 10293 (Metric u...
Minimum continuous flow :99.9 m¥h
Maximum brake power :19.1 kW Maximum head at rated diameter :23.35m
Driver power rating :22.0 kW /29.5 hp Flow at BEP :330.4 m*/h
Casing working pressure 1 228.7 kPa.g Flow as % of BEP :60.5 %
(based on shut off @ cut dia/rated SG) Efficiency at normal flow -
Maximum allowable 1 1600.0 kPa.g Impeller diameter ratio (rated/max) :100.0 %
Hydrostatic test pressure Head rise to shut off :3.8%

:2100.0 kPa.g
Estimated rated seal chamber pressure -

Total head ratio (rated / max) / (max / rated)

:100.0 % / 100.0 %

CURVES ARE APPROXIMATE, PUMP IS GUARANTEED FOR ONE SET OF CONDITIONS; CAPACITY, HEAD, AND EFFICIENCY.

The customer must provide a minimum NPSHa of 3.3 m.
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Copyright © 2016 Flowserve. All rights reserved.

Affinity v2.14.10



-
FLOWSERVE Construction Datasheet

Customer - Pump / Stages : MEN150-125-250L /1
Customer reference : FPC-190262-BWCE Based on curve no. : 5986883
Iltem number : Pump Cooling Flowserve reference : 1970438221
Service : CWP Date : October 28, 2019
Construction Driver Information
Nozzles Size Rating Face Position Manufacturer : Flowserve Choice IE3
Suction 150 PN10/16 RF End Power :22.0 kW /29.5 hp
Discharge 125 PN10/16 RF Top Service factor (requested / actual) :1.0/1.0
Casing mounting : Foot Synchronous speed 11500 rpm
Casing split : Radial Orientation / Mounting : Horizontal / Foot
Impeller type : Closed Driver type 1 IEC
Bearing type (radial) : Ball Frame-size / material : 180L / Cast iron
Bearing number (radial) 16309 Enclosure : IP55
Bearing type (thrust) : Ball Hazardous area class : Safe Area
Bearing number (thrust) 16309 Explosion 'T' rating : Safe Area
Bearing lubrication : Grease Volts / Phase / Hz :380/3/50Hz
Rotation (view from coupling) : CW per Hyd. Institute Amps-full load/locked rotor :41.00 A/299.00 A
Materials Motor starting : Direct on line (DOL)
Casing : Cast Iron EN-GJL 250 Insulation ' F
Impeller : Cast Iron EN-GJL-250 Temperature rise :80°C
Case wear ring s N/A Bearings : Ball
Impeller wear ring s N/A Lubrication : Grease
Inducer s N/A Motor mounted by : Flowserve
Shaft 1 13% Chrome Stl X30 Cr13 Sound Pressure (dBA @ 1.0 m)
Sleeve :N/A Driver, expected :62.0 dBA
Baseplate, Coupling and Guard Pump & driver, estimated :71.0 dBA
Baseplate type : Folded Seal Information
Baseplate material : Steel Arrangement : Single Seal
Coupling manufacturer - Size 138 mm
Coupling size o Manufacturer / Type : Flwsv Choice / Fiwsv Choice
Coupling / Shaft guard : Not Supplied By Flowserve | Material code (Man'f/API) : Carbon/Ceram/EP / /
Weights (Approx.) Internal neck bushing : None
Bareshaft pump (net) :120.0 kg Gland
Baseplate (net) 1 96.0 kg Gland material :N/A
Driver (net) :198.0 kg Flush o
Shipping gross weight/volume :476.1 kg / 0.57 m? Vent o
Testing Drain o
Hydrostatic test : Non witnessed Auxiliary seal device o
Performance test : None Piping
NPSH test : None Seal flush plan - None
Paint and Package Seal flush construction -
Pump paint : Flowserve Standard Grey | Seal flush material -
Base grout surface prep : Flowserve Std Aux seal flush plan - None
Shipment type . Export Aux seal flush construction i -
Aux seal flush material -

Notes

Copyright © 2016 Flowserve. All rights reserved. Affinity v2.14.10
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.
FLOWSERVE

‘ @
Scope of Supply
Customer: Pump / Stages: MEN150-125-250L / 1
Cust / Proj Ref: FPC-190262-BWCE Based on curve no.: 5986883
Item number: Pump Cooling FLS #/ Reference: 1970438221 /
Service: CwP Date: Oct 28, 2019
_Qty -Description

1

MEN150-125-250L FPD - FB1

MEN Foot Mounted

Pump Package (w-w/o Base,Cplg,Mtr,Grd)
Packaging by Arnage

Safe (Non explosive) atmosphere
Standard construction (Non-ATEX)
Casing - Cast iron EN-GJL-250

Impeller - Cast iron EN-GJL-250

Shaft - 13% Chromium Steel - X30 Cr 13
No wear ring

PN Flanges

Standard ISO Flange

No Gauge Connections - bosses only

3/8 NPT Casing Drain

3/8 NPT Casing Vent

Bearing Frame 32

Grease-for-Life Bearings

Standard Component Mechanical Seal - Pac Seal P220
Flexible jaw type

No coupling guard

Steel Shaft Guard

Steel ISO Baseplate

No Earthing Connection (Standard)

FPD Motor Mounted to Base by Factory
No NPT Taping for Temperature Probe
Unwitnessed hydro. test

Casing only

Std Grey Paint (RAL7039)

CE Certificate

Certificate of Non-Witness Hydrotest

Std. Instruction Book w/Pump, 1 Copy

In English

Seaworthy Packaging

FCA Factory

Shipment times are current in working weeks ex-works.

Feature quantities match pump quantity unless otherwise noted.

Proposal is valid for 60 days.




Customer: Pump / Stages: MEN150-125-250L / 1
Cust / Proj Ref: FPC-190262-BWCE Based on curve no.: 5986883

Item number: Pump Cooling FLS #/ Reference: 1970438221 /
Service: CWP Date: Oct 28, 2019

_Qty -Description

Subject to confirmation at time of order
Start-up and commissioning spare parts
Set of gaskets + Mech. Seal

Driver

Motors for Safe (non explosive) Atmosphere
IP55 IE3 FPD Choice (22.0 kW 1500 RPM 180L)
VFD not required

Customer Comments

Shipment (after receipt of order and full release to manufacture) refer to ...

Feature quantities match pump quantity unless otherwise noted.
Proposal is valid for 60 days.
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