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Report Title  Design the Systems to Decrease Kerosene Temperature before Sending to
Kerosene Treating Unit and Calculation of Insulation Thickness for High

Pressure Steam Line for Energy Saving
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ABSTRACT

Bangchak Petroleum Public Company Limited gives priority to the quality of oil products and
energy saving. The company continuously develops the processes and carries out energy
management in accordance with the energy management system of the ASEAN Economic
Community, which focuses on sustainable energy saving. This project therefore designed the
systems to decrease the temperature of kerosene from crude distillation unit before sending the
kerosene to kerosene treating unit (KTU). It was found that the temperature of kerosene before
sending to the KTU was higher than the design temperature. High temperature of kerosene results in
catalyst deactivation at the KTU and darker color of kerosene than its specification. This project
considered the installation of the plate-type heat exchanger. The temperature of kerosene was finally
decreased by heat exchange with the desalter injection water, which was used to increase crude
temperature before sending it to the furnace. This heat exchange led to less consumption of natural
gas that was used to heat crude. The amount of the decreased natural gas was about 3,270,000
Baht/340 operating days excluding the cost of the plate-type heat exchanger and its installation cost.
This project, additionally, calculated the optimum insulation thickness of the high pressure steam
line for energy saving since there was heat loss from a 100-mm rockwool insulated high pressure
steam line from the power plant to distillation plants 2 and 3. It was found that the temperature of

high pressure steam at the power plant was 345 °C and before entering the distillation plants 2 and 3



v

were 289.1 and 315.6 °C, respectively. By increasing the insulation thickness from 100 to 200 mm,
the temperature of high pressure steam before entering the distillation plants 2 and 3 were 290.1
and 319.7 °C, respectively. The respective energy saving were 46 and 33 kW/h because the flow
rate of high pressure steam at the distillation plant 2 was higher than at the distillation plant 3. The

expected total cost of energy saving was about 570,000 Baht/340 operating days excluding the

insulation cost and its installation cost.

Keywords : Kerosene, Kerosene Treating Unit, Thermal Insulation, Steam Line, Energy Saving
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2.3 m%'muamﬂﬁuumm%’eu [Heat and Mass Transfer Fundamentals &
Applications Yunus A. Cengel and Afshin J. Ghajar, 2015]
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111 : Heat and Mass Transfer Fundamentals & Applications, Yunus A. Cengel and Afshin J. Ghajar, 2015
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111 : Heat and Mass Transfer Fundamentals & Applications, Yunus A. Cengel and Afshin J. Ghajar, 2015
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2.4 &’uﬂi:ﬁﬂ%m‘sdwmmm%'amm (Overall heat transfer coefficient) [Heat and

Mass Transfer Fundamentals & Applications Yunus A. Cengel and Afshin J. Ghajar, 2015]
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(2-5)
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131 : Heat and Mass Transfer Fundamentals & Applications, Yunus A. Cengel and Afshin J. Ghajar, 2015

2.5 ltﬂﬂ!ﬂﬁ‘.‘i{ﬂﬂuﬁ ﬂﬂ‘iﬂﬂlﬂﬁﬁ’a [Heat and Mass Transfer Fundamentals &
Applications Yunus A. Cengel and Afshin J. Ghajar, 2015]
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M91aM 2.2 Maulseansanuanisn [Heat and Mass Transfer Fundamentals &

Applications, Yunus A. Cengel and Afshin J. Ghajar, 2015]

h, (W/m’ K) h, (btu/h ft’ °F)
Distilled and seawater 11,350 2,000
City water 5,680 1,000
Muddy water 1,990 - 2,840 350 - 500
Gases 2,840 500
Vaporizing liquids 2,840 500
Vegetable and gas oils 1,990 350

2.6 M3AATIZHIA5omantlasun1Fou (Analysis of heat exchangers) [Heat and
Mass Transfer Fundamentals & Applications Yunus A. Cengel and Afshin J. Ghajar, 2015]
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ATl = Th.oul = ?: out AT, = Th,nul o S
(a) Parallel Flow Heat Exchanger (b) Counter Flow Heat Exchanger
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Qmax = (mcp)min(.rh,in - Tc,:'ﬂ) (2-13)
We  ¢cp = ANUIANNToUS UM (ki/ke °C)
m = 9031M3 IMaFawavesvedIva (kg/h)

= <
= gamngiividivesves lnaiiu (°c)

T,y = aungividivesveslnadeu (o)
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4 @ @ a1 a a o a 4 i
M990 2.3 anuduiuialszaniuadmsunsowanasuanudeu (Kays and London)

[Heat and Mass Transfer Fundamentals & Applications Yunus A. Cengel and Afshin

J. Ghajar, 2015]

Heat exchanger type

Effectiveness relation

Double pipe
Parallel-flow

Counter-flow

_ 1 —exp[-NTU(1 + )]

B 1+c
1 — exp[-NTU(1 — )]

= I = (Qexp[-NTU — 0]

Shell-and-tube One shell pass

2,4, ... tube passes

—14+ —NTUV1 + 2
n=214c+y1toiopl 1),
1 — exp(—NTUV1 + ¢2)

Cross-flow (single pass)
Both fluids unmixed
Cex mixed, C . unmixed

C i mixed, C_ unmixed

!\fTUD,Z‘Z

c

7= 1 gxp{ [e:{p(—CNTUD'm) = 1]}
1
n=~01 - expl{1 — clexp(~NT)Y

n=1-—exp {—% [1- exp (—CNTU]]}

All heat exchangers with ¢ = 0

n=1-exp(—NTU)
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(d) Two-shell passes and 4, 8, 12, ... tube passes
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Effectiveness £, %

Shell fluid ]
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Number of transfer units NTU = A U/C, .

(a) Parallel-flow

Effectivencss £, %
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(b) Counter-flow
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M1 2.4 ANuFuRUTauigdmiunTowanldsunnuiou (Kays and London) [Heat

and Mass Transfer Fundamentals & Applications Yunus A. Cengel and Afshin J.

Ghajar, 20135]

Heat exchanger type Effectiveness relation
Double pipe
B __In[l— (1 +6)]
Parallel-flow 1+c
1 n-1
Counter-flow s 1 ln{nc =7

p —_—
Shell-and-tube One shell pass e e J B

N
NTU = — In’
R Y] — )
2,4, ... tube passes Vi+c? E—l—c+w1+c2

Cross-flow (single pass)
NTU = —In(1 -+
Infeln(l — ) + 1]

c

In(1 —xe)
C, o mixed, C . unmixed c )

C,i, mixed, C__ unmixed NTU =

All heat exchangers with ¢ = 0 NTU = —In(1 — %)

- . o 4 = v ¥ a a d
2.7 ‘H1§n’ﬁﬁﬂlﬂiﬂ\ilmﬂ!ﬂﬁﬂuﬂﬁ'ﬂliﬂu [93a V338, 2553]
. & Yo 4 = 3 Y o @ wa 3 A
m‘summﬂﬂmmmmuamﬂaaumwiﬂumammmﬂmﬁuum‘umum
dl at = el 1 4 A.Il o ﬁ' g’
MuEay lWf’)ﬂ@ﬁﬂuﬂ?iiﬂﬂﬂﬂgﬁ?ﬂ'ﬁﬂﬂﬂiﬂuﬁiﬂﬂi’gﬁ]ﬂuﬂuLu@ﬁiJ’l%']ﬂﬂmﬂ’lWﬂlﬂﬁu‘l win
:’ t:i ) dl' ‘:\; b4 = e T Ao A 1 1 :! o
thitleudunsoswanalouanudouiiguaudd liminz ay Sfatotlusien ofluriezi
Y a 1Y J A A w [ 34 o kY
Tinallymmsianiou vseailaymmsiumizissnznSuudasainlvanuamnsolums
i 9 = ° Y A - 3/ a v b
DIUNANUTOUAAAY Llag'ﬁﬂmﬂu’ﬁ”ﬂﬁﬂﬂ?iﬂ!ﬂiﬂﬂllﬁﬂlﬂﬁﬂﬂﬂ?"miﬂuiglﬁﬂulﬂ Bﬁ)’ﬂélljmu“ri'l

1 b 1
a9 Minannanseduluhuansdansied 2.5




38

4 | T 4 3 v A A 4
M9 2.5 nansznuvesmsleruiidenewann founudou [s5a 553yad, 2553]
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[ v 1 v
M5 2.6 panmihdmiunsewannlasuaufounmnasgiu ASME [ASME, 1994]

Operating PSlg 0-300 301-450 451-600 601-750 751-900 901-1000 1001-1500

pressure | (barg) | ... (20831.0) | GLI4LD | (415517 | (518621 | (622689) | (69.0-103.4)

1501-2000

(103.5-137.0)

Dissolved oxygen | <0.007 | <0.007 | <0.007 | <0.007 | <0.007 | <0.007 | <0.007 | <0.007
(ppm) O,
Total iron (ppm) Fe | <0.1 <005 | <003 | <0025 | <002 | <002 | <001 <0.01
Total copper (ppm) | <0.05 | <0.025 | <0.02 <0.02 | <0.015 | <0.01 <0.01 <0.01
Total hardness (ppm) | <0.3 <03 <0.2 <022 <0.1 <0.05 ND ND
CaCoO,
pH range@25 °C 83-10 | 83-10 | 8.3-10 8.310 83-10 | 8896 | 8896 | 8896
TOC (ppm) <l <1 <0.5 <0.5 <0.5 <0.1 <0.1 <0.1
Qily matter (ppm) <1 <1 <0.5 <0.5 <0.5 <0.1 <0.1 <0.1

ND = Not Detectable

o

2.8 Msnanseu [nsulsInuanaI1nITN, 2553
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M3190 2.7 dunquazna lnvesmsnansoulany [n3u 159U QAAIMATTU, 2553]
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@ v [~ S .
2.8.2 ﬂ’liﬂﬂﬂiautmmﬂuﬂquﬁ?ﬂﬁgﬂ (Pitting corrosion)
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DESCRIPTION

BLIND FLANGED END

CAP END

ELBOW 45 DEGREE

ELBOW 90 DEGREE

LATERAL

ELBOW TURNED DOWN

ELBOW TURNED UP

FLANGED PIPE CONMNECTION

TEE

TEE . QUTLET DOWN

TEE , OUTLET P

TEE , BOTTOM CONNECTION

TEE , TOP CONNECTIDN

FLOV IN DIRECTION OF ARROV

PRESSURE  GAUGE

FLEXIBLE CONNECTION

STRAINER

CLEANDOUT

FLOOR CLEANDUT

FLOOR  DRAIN

ROOF  DRAIN

WATER METER

FLOW REGULATOR
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DESCRIPTION

CHECK  VALVE

BALL WVALVE

BUTTERFLY VALVE

PRESSURE REGULATING VALVE

MOTORIZING  VALVE

MULTIPURPOSE BALANCING VALVE

SOLENOID  VALVE

AUTOMATIC AIR WENT WITH VALVE

SAFETY OR RELIEF VALVE

MODULATING FLOAT VALVE

FLOAT VALVE

U B4t

FOOT VALVE

o
=0

CONDUCTIVE LEVEL SWITCH

FUMP

O3S & ¥ GATE VALVE

ANGLE VALVE

SIGHT FLOW INDICATOR
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CLOSED WASTE CONE
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REDUCER CONCENTRIC

VALVE (UNSPECIFIED) REDUCER ECCENTRIC STRAIGHT INVERT

LA L

{lftia& &G

GLOBE WVALVE

REDUCER ECCENTRIC STRAIGHT CROWN

I

U 2.34 dydawelide 1 lumsdsunuuszuienuuduho

= a A% df
i : gaalad wafny, 2555

A YR o w d 1 a8 w 1 A A~ ' g
LN@EﬂQﬁfyﬁﬂyﬂlﬂBQ?T%UUﬂﬂ ﬁ'ﬂﬁ']ﬂiyﬂallﬂﬂ@“]iﬂﬁﬂﬂﬁlﬂ\ﬁzﬂﬁﬂﬂﬂ’]ﬂuu“] IﬂU

o

g a w = (% A 1 @ 1 2 = =
ﬁ]zumlﬂummﬂu 14 ﬂ'ﬂ:ﬂﬂ‘ﬂ AAVAULITNAD VU IAUVDIND ﬂ?ﬁﬂﬂTﬂﬂﬂfHﬂﬂlﬂﬁmﬂﬂ\lﬂﬁﬂqﬂﬁ

" w @ d‘, =) =

T i Y 1 o w o A =]
oglurie duavdlimuuazfe savemiionisnaala Auavdrivhduiade viiaves

1 4
Y] =1 " 1 =) Qs 9/

'llﬁﬂ“l’lct‘f){ﬁﬂﬂ’f) muaﬂmummmﬂuufuz‘U'aUaﬂLﬁmﬁ’uwﬁmm:mmﬂuwamu IUAUTAS

9

Tugaii 2.35



44

Nominal Line Size
Fluid Service
Unit Code
Serial Number
Piping Service Class
Insulation Type
Insulation Thickness

31 2.35 ms@sudiavszuuve

w1 aaulyd vadntd, 2555

2.10 RUIUAUANNSOU (Insulation) [Michael Kelly, 2014] [Heat and Mass Transfer
Fundamentals & Applications Yunus A. Cengel and Afshin J. Ghajar, 2015]
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k
Tcr,cylinder = E (2-18)
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4 T 73 =y Q!
e  h - mdulszansmsmanudon (Wm’°C)
k = ammsihanudou (Wm °c)
08 Typme = ANUNUIINAVDIRUIY (m)

Qbm’e————
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" Ak T @ 1 o
‘Sﬂﬁ 2.36 ﬂ'J'llJﬂﬂJWH‘ﬁizﬁ'J’N'Elﬁ5']ﬂ13ﬂ1f_lmﬂ'ﬂﬂ%’f]uﬂ‘ﬂﬂ'l’mﬂu'I‘“U'OQﬂ‘L!'J‘H

11 : Heat and Mass Transfer Fundamentals & Applications, Yunus A. Cengel and Afshin J. Ghajar, 2015
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2.10.2.1 MM31IA1NTPU (Thermal conductivity, k) Jaafivziaonu 144
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2.10.2.2 MNMSAMUNIUANUOU (Thermal resistance, R) Jaafvzidoninls
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Rigid boards, Flexible sheets Cements Flexible

blocks, sheets blankets
Fibrous insulation v v v v
Cellular insulation v v - -
Granular insulation 4 - v -
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310 2.37 31/519909R UMY Rigid boards, blocks, sheets

N (http://www.rf-foam.com/)

31 2.38 313199099 UMY Flexible sheets, tubes

U

i (http://www.rf-foam.com/)

317 2.39 315 1909R UMY Cements

A (http://www.rf-foam.com/)
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31l 2.40 315199099 UIBY Flexible blankets

N : (http://www.rf-foam.com/)
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Moody Diagram
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s o 1 < o ow Py o o
NUMABIEIY 3E-121A/B [U5EN 1199101 Tasi@en $19a (Un1w)]

Design Condition
3E-121A/B Shell Side Tube Side
Inlet Outlet Inlet Outlet

Fluid Name Kerosene Cooling Water
Flow Rate, Total m’/h 101.3 140

Liquid m’/h 101.3 140
Temperature \C 125 49 35 38
Density kg/m' 738 756 993 992
Viscosity cP 0777 0.77 0.709 0.681
Specitic Heat klikg °C 2.15 2,08 4.18 4.18
Inlet Pressure barg 7.9 4.1
Pressure Drop (Calc.) bar 0.29 0.42
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P 9 a A =t 9 Hq ¥ = = Y
A13149N N.2 ﬂlauﬂﬂﬁ_lﬂaﬁlaﬂﬂ%'ﬂﬂLﬂi'ﬂquﬁﬂlﬂaﬂuﬂ'ﬂuiﬂu‘ﬂﬁlﬂﬂﬂjﬁcﬁuLlﬁﬂlﬂaﬂuﬂq-]usau
v

AUHITUHAD 3E-102 [UTEM U190 Tnsi@an 1na ()]

Design Condition
3E-102 Shell Side Tube Side
Inlet Outlet Inlet Outlet

Fluid Name Crude Kerosene
Flow Rate, Total m’/h 498.6 113.5

Liquid m’/h 498.6 113.5
Temperature (s 115 126 172 125
Density kg/m’ 752 742 660 700
Viscosity cP 0.98 0.9 0.3 0.41
Specific Heat kl/kg °C 2.29 234 2.59 2.4
Inlet Pressure barg 23.1 9.7
Pressure Drop (Calc.) bar 0.86 0.58

- o A A .=i 9 Ay d A\ .
M1 0.3 GuaHaﬁ1Ua:LaUﬂajmm'iaxmaﬂl,ﬂaauﬂmmauw‘him Desalter Injection

v k1
nanilasuanusoun Uil Desalter Effluent [U3H% v190nT Tasdey $15a

(Ly1i)]
Design Condition
3E-119 Shell Side Tube Side
Inlet Outlet Inlet Outlet

Fluid Name Desalter Injection Water Desalter Effluent Water
Flow Rate, Total m’/h 225 225

Liquid m’/h 22.5 225
Temperature . O 74 85 120 109
Density kg/m’ 975 968 943 951
Viscosity cP 0.38 0.35 0.24 0.26
Specific Heat klkg °C 4.19 4.2 4.23 4.22
Inlet Pressure barg 26.7 19:2
Pressure Drop (Allow.) bar 0.7 0.7




86
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M31494N N4 GUE]ﬂal'ﬂi_lfJﬂgLﬂﬂﬂﬂUﬂ\uﬂﬁ@QHﬁﬂlﬂﬁUuﬂquﬂJﬁﬂuﬂi‘ﬂlﬂiﬁcﬁuuaﬂlﬂaﬂuﬂfﬂﬂjﬂu

9
[ -]

Aurimaetdu 3E-1701A/B [USHM v1annl Tnsdey $18a (WNTU)]

Design Condition
3E-1701A/B Shell Side Tube Side
Inlet Outlet Inlet Outlet

Fluid Name Kerosene Cooling water
Flow Rate, Total m’/h 67.92 4139

Liquid m’/h 67.92 41.39
Temperature @ 49 38 35 42
Density kg/m’ 756 763 993 992
Viscosity cP 0.77 0.85 0.709 0.681
Specific Heat kl/kg °C 2.08 2.03 423 4.22
Inlet Pressure barg 15.2 6.2
Pressure Drop (Allow.) bar 0.41 j 1.6

= o a A o Yy Aquw v 9o
A3 NN NS SUT’JQEI‘E’IElﬁmﬂﬂﬂ‘l]ﬂﬂ!ﬂ‘i@ﬁltﬂﬂ!ﬂﬂﬂuﬂ”ﬂﬁﬁﬂ‘uﬂi%'ﬂ?ﬂ]ﬁ?gﬂﬁﬂﬂ'ﬂlﬁ@u11ﬁﬂﬂ

vou lnain ualunefia3il 3A-104A/B [155 vl les oy $180 )]

Design Condition
3A-104A/B Hot Side Cold Side
Inlet Outlet Inlet Outlet
Fluid Name Gas 0Oil Air
Flow Rate, Total m’/h 84.64 4788
Gas m’/h - 4788
Liquid m’/h 84.64 -
Temperature %, 166 49 37 65
Density kg/m’ 768 832 1.1348 1.1348
Viscosity cP 1.07 4.1
Specific Heat kl/kg °C 2.44 1.97 1.005 1.005
Inlet Pressure barg 10.3 atm
Pressure Drop (Allow.) bar 0.7 -
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4’(’ o o ow ) a o o
1314 1.6 I1ANVDAUVDIWAL [LUTHN ‘iJ"IQ"l]’lﬂﬂTﬂ‘ilﬁﬂiJ ANA (WH1TU)]

Fiavema 3171 (Baht/MMBtu)
Natural gas 263.63
Fuel gas 263.63
Fuel oil 255

ganzmsatiumsfesnuuuveswielSulgsnammalsdu (KTU)

Pressure

Feed to prewash

Feed to reactor

Feed to clay filter

Product to product pump

Product back pressure

Product to storage
Temperature

Feed to feed cooler

Feed to reactor

Product to storage
Flow Rates

Feed to prewash

Ailr to reactor

Caustic to reactor

barg
6.9
3.9
3.2
2.6
6.6

4.8

49
38
38
m /h
66
18

13
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Y a o = o o
AN 0.7 VINTIFIUANUHUIVEIRUIUANNTOU [UTEM U191nD Tnsi@en 3108 (ur1au)]

Normal operating temperature (nC) and thickness (mm)
Normal pipe | Up 96 150 205 261 317 372 428 483 539
size to to to to to to to to to and
95 149 204 260 316 371 427 482 538 | over
mm in Thickness
15 12 40 40 40 40 50 I 70 70 70 80
20 3/4 40 40 40 40 70 70 70 70 80
25 1 40 40 40 40 70 70 70 80 80
40 372 40 40 50 50 70 70 80 80 80
50 2 40 40 70 70 70 80 80 80 90
65 5/2 40 40 70 70 70 80 80 100 100
80 3 40 50 70 80 7 80 80 100 100 100
100 + 40 50 70 30 80 100 100 100 100 k%
150 6 40 50 80 80 100 100 100 120 120 é
o
200 8 40 70 80 100 100 100 100 150 150 é__
250 10 40 80 80 100 100 100 100 150 150 g_
300 ® 50 80 80 100 100 100 100 150 150 2
350 14 50 80 80 100 100 120 150 150 150
400 16 50 80 80 100 100 120 150 150 150
450 18 50 80 80 100 100 120 150 150 150
500 20 50 80 80 100 100 120 150 150 150
Over | Over | 70 80 80 120 120 150 150 180 180
500& | 20 &
flat flat
Single layer Double layers
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A3 N.8 NMSHURUIULUY double layers [U5EM 119010D) Tasifon $18@ ()]

Thickness (mm) 1" Layer 2™ Layer

50 25 25

70 30 40

80 40 40

90 40 50

100 50 50

120 50 70

150 70 80

M N9 "ll“l«l'lﬂﬁﬁ]?ﬂlﬂﬂﬂ 7714 ASTM (schedule 40)
Normal pipe size Outside diameter Wall thickness

in in mm in
1 1.315 33.40 0.13
2 2873 60.32 0.15
3 3.500 88.90 0.22
B 4.500 114.30 0.24
3 5.563 141.30 0.26
6 6.625 168.32 0.28
8 8.625 219.10 0.32
10 10.750 273.00 0.37
12 12.750 323.80 0.41
14 14.000 355.60 0.44
16 16.000 406.40 0.50
18 18.000 457.00 0.56
20 20.000 508.00 0.59
24 24.000 610.00 0.69
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MAKUIN A LAAIAIDINMIMUIUINLIMNMSANYIITN 1 AoasdTuilyemon Tsduy

dhdnuldenveuniouanilfsunnudeu Ge-121a8) mniidwuuvun Tddhuuveynsy

o/ o = =y = o o
1 vayamamuInt [UTHN 1199101l Insidey e (UV1Fu)]

8A31017 lavueun 15FUv199n91n 3E-102

= 57,150 ke/h
AnuaNuioniuwzvoualsdu = 208 klkg’C
aaungiviIdveunlsdu (Actual) S 100 °C
PUNIV180NVDNUA 15T (Actual) = §0 °C
s Tvavonimgeiiy = 139,000 kg/h
aTgramdeusimevaimaoi - 418 kl/kg°C
guinnivuiuenimae iy (Actal) 2 29 \\°C
fuiilumsuana/3ounmdou L 274 m

2 msannamanlszanimsmemanuiousinvesszniluilgii

2.1 MsAUINBATIMITIEmMAINSougIgaia o la
Qo = (mcp)?nm(Th,En X Tc,in) (3-6)

e ®ns1T IMaveun Tsau 57,150 ke/h

T A 9 1 9 A = b4 g
umummﬂﬁaqum"lﬂwm':aquamﬂﬂﬂuﬂ:nmau 26

¥
dgalu 9aTINT Iaveun TsFuy 28,575 kg/h
manuganuiouiumnzveualsdu 208 kl/kg °C
gangiveun IsGuanin 100 e

o

v
= L ' =]
Lag qmwgmuﬁwmumaamu 29
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o

o 1 o a o v
vz laganmsniomanudougaganamnsaiild

- (28,575)(2.08)(100 - 29) kJ/h
= 4,219,956 kl/h
=
Win = 1,172 kW
o [ T 9 ::; =y d%, =
2.2 MUIUDATINTIUNA NV O UNAATUS
Q = miy, Cph(Th,m = Th,o-ur] (3-7)

d‘l o 9/

o 9a3IMs aved vedluadou 28,575 kg/h
AnugAiousuIzuos vaelnaden 2.08  ki/kg“C
gangiudves vos luadeu 100 “C

uar  gamgiviesnyes veeluaiou 54\ °C

w2 ldoaTimstramanuTeuves vedlnadoy
= (28,575)(2.08)(100 - 50) kI/h
- 2,971,800 kI/h
usn = 825.50 kW
2.3 aualssansua (1)
- Actual heat transf te
Uszavina (n) = — = e (3-4)
2 - Maximum possible heat transfer rate
A o " k1 A a d? =
Wo  9ATIMSIIUNANNToUNAATUSS 825.50 kW

uar  sanmsmemanudougegatiamnsomld 1,172 kw
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12 1ddsz@nswa

825.50
A
0.70

Il

2.4 Y1791 Number of Transfer Unit (NTU) 91A@NN159 (3-3)

2 1 I %—1—:—@
MU=~ s &
e szAniua 0.70

9A7113 In0veun 1s3U19001IA 3E-102 28,575 ke/h

ATV BUST Iz A T3 208 klkg’C
¥
951015 IavpaivdoEiu 139,000 kg/h
¥
uaz - AnuANNeUsuWIzYenimanidy 418  klkg°C

o 3 G RE 3 75)(209) \ [ 0
Crmax — (139,000)(4.18)

WA o, /e, 188 NTU unuluaunisa (3-3) 9218 Number of Transfer Unit i)

= 4-01-V1F01

670

2
——1-01+V1+0.12
70

1
ViFoi® l?’l(
= 37
4
2.5 ﬂTH’JiLlﬁi.lﬂﬁﬂiﬁ“fl‘ﬁﬂ”]iﬂ'lﬁlmﬂ'J"IM%)E]‘LJTMJ

U = (NTU) ('mcp)mm
A

(3-2)

1o Number of Transfer Unit 1.37
805173 Inaveun 1sFuv1900910 3E-102 28,575 kg/h

ANuANUToUIUNIZVa LA 15 HY 208  klkg°C
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Y

A A = 9
ez wunRnsuanulasuauiou 274 m

o
3z ldduilszansmsoemanudeousiy

(1.37)(28,575)(2.08) h°C o
274
(1.37)(28,575)(2.08) Wit
(274)(3600)
= 0.08 kW/m’ °C

o = = d’ lgl d‘. v '
3 MU IHUVIBONVUD qmismu‘naanm NIAIBINA ﬂlﬂﬁﬂuﬂ'a'luiﬂuﬂ?!!‘iﬂ

3E-121B nadSudgsmunamamsaneni 2

3.1 mifnnudanmsaiemanudougagaiiamisaii 14

Kl & (mcp)mm(Th.in % Tc,fn) (3-6)
We oA inaveun lsa 57,150 kg/h
manuganNiousumzveunlsan - 2.08 ki/kg °C
gamnvea T3duudn 100 e
Y
unz  guugiividrvenimaedu 29 i

Yo 1 o = o ¥
ﬁ)ﬁulﬂ’é]Gl‘i'Iﬂ15%11Elmﬂﬂi]ﬁﬁ]ﬂijﬁﬂﬂﬂﬁ'lﬂﬁﬂﬂﬂﬂ

Il

(57,150)(2.08)(100 - 29) kl/h

8,439,912 kI/h

=~
A
@

Il

2,344 kW
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3.2 71198 Number of Transfer Unit (NTU)

U4

NTU =——— (3-2)
(‘mcp)mi-n
We  duilszAnimsoremanudeusiu 0.08 kW/m’ °C
et oi| o 2
Aunmsuanasuauiou 274 m
91N Iavaun 15w 57,150 kg/h
uaz fmnugaamdeusumsvounlsdu - 2.08 kJ/kg °C
i]zllﬁ Number of Transfer Unit
(0.08)(274)(3600)
A (57,150)(2.08)
= 0.68
3.3 madseansnannaumsi (3-5)
e 211 N5 B A ULy (3-5)

1-exp[—NTUV1+e%]

1o Number of Transfer Unit 0.68

8n51M3 1navesn 1sEuv109n910 3E-102 57,150 kg/h

m’um;mm%’aui’nmwmmmiﬁu 208 klkg’C
¥
[ o L=
A5 1M3 Inavenivaoiu 139,000 kg/h
£
] o T d
uay  AnwgANNeusumzvenimdedy 418 Kklkg'C

2 Cmi 57,150)(2.08
why Smin _ ( )(2.08)
Cmar  (139,000)(4.18)

0.2
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WA c_ /e uag NTU unuluaumsn 3-5) a2 1ddszaninawhsu

min’' ~'max

ORI
1+0.22

14 0.2 441 F 0. B2 irney 2})}-1
1—exp[-0.684 1+0.2

= 0.45

3.4 AIUIUOATINTOUNANLZOUNNAT LSS

-~ qQ Actual heat transfer rate
Uszdvisua (n) = = (3-3)
e Maximum possible heat transfer rate
o  alszdnTwea 0.45
[ 1 - =~
uaz - danmsmamanueugeganansadiulylg 2,344
9 ar 1 9 A a 3 =
12 1d0ATINIsMemANIS DU NAATLDSY
= (0.45)(2,344) kW
= 1,048 kW
3.5 MUIUPUHYUNIIBONUB LA 153U
Q= miy Cph(Th,i-n 37 (3-7)
tﬂ' w 1 9 d‘ =Y .3 =
Wo - dRIIMInwmMANYIoUNNATUIT 1,048 kW
8A31M3 IMaveun 15FUeAIA3E-102 57,150 ke/h
AugANuTousuyvea Tsduy 208  kl/kg°C

[a]

uaz  guvgNvdvewua lsdu 100 °C

L]

2 ldgamgiivean Tsduioen

- (1,048)(3.600) o
(57.150)(2.08)

68.26 °‘C

Il

kW
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4 msAannaumgiinesnveunlsiuiisennmasewanilasuanudoudiiaes

o ar = a
3E-121A vaslSudamuuamanistingi 2

4.1 mimuudanmInemanudougegatansai’ld

Qmax = (mcp)min(Th.,iﬂ Bl Tc,iu) (3-6)
Wo  emsims lnavoun Tsduy 57,150 kg/h
manuyadouiimzveaun sty 2.08 kl/kg °C
gungiveun lsGuanin 68.26 ‘C
= 3/ 3’ L] 0
uaz - gumMglvidnve R vMasIdY 29 C

Yo ! 9 = o ¥
wlddanmsawmanuieugagaiamninii 1

- (57,150)(2.08)(68.26 - 29) kJ/h
= 4,666,915 KkJ/h
Yip = 1,296 kW

b

42 SUIADATINTIENANUTOUNNATL 5

- ¢ Actual heat transfer rate
Usedviia (n) = = (3-4)
[ - Maximum poscible heat transfer rate
& = =
Wwo  Uszaniwua 0.45
o U H !
uaz  eanimsmemanudougeganaunsodiulylg 1219 kW

4

YV o ! 3/ 4 a & =
i]ﬂu],ﬂ@ﬂi’lﬂ"liﬂ'Iﬂmﬂ'll']iﬁﬂuﬂlﬂﬁﬂlu%iﬁ

(0.45)(1,296) kW

= 580 kW
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4.3 Mulslgurgimeviesnvaun lsdu

Q = mhcph(Th,m = Th,pur)

1 o

=1 [ U 9 A a == =
o DATNITDIUNANUIDUNNAVUDIT
é’mﬁmﬂwamaami‘s%umaaﬂmn 3E-102
g/ [3 =
mmqmms@ummwzmaqmiicﬁu

= ¥ =
Lae 'E‘Jﬂ‘!“r’iﬂll‘ll’l!‘llﬁlﬂﬁtﬂiiwu

q U

Y =Y 1=t
v lagavgiiveunTiduv10en
(580)(2,600) g
(57.150)(2.08)

= 50.70 ¢

(3-7)

580 kW
57,150 kg/h
2.08 kikg°C

Q

68.26 C



MARNHIN A

o T o = qd‘i
AIDUTIN I HIUUUINTINITANEIIEN 2

AAHUIN U LAAIAIDETINITATUIVUUINIMTANEIITN 2 Anmisuiua Tsau v

FuneniasUudiszineanudoudvauidhdrewaay (3A-104A/B)

9/ o = oo = o s
1 VBYANITATHINY [UsHN ‘JJ'N‘!]’]ﬂﬂIﬂimell N9 (UHI1TU)]

QUNYITUAUVBINA (Tp,,,,) = T
AMUNU U UVOID I - 1.1348 kg/m’
ANuRANISouT MWL IB DI R 1.005
kl/kg °C
Sasimslvavesoniefignitaauith = 798 ms
OATIMINUNAMNIOU (Qpy) - = 5116 kW
aungivudrvoaunlsdu % 100  °C
UMYV VOUA T3 TU (Ty,.) = 49 °C
ANuIATNToUs UMz A l3gY = 2.08  KJ/kg“C
8n31n13 lravean 1wy = 57,150 ke/h
2 MIAURIMsMmanuieu
Q= ﬂihcph(Th,:'n = Th,o-ur) (3-7)
de  Sasms lnaves vesluaden 57,150 kg/h
ANuANUTeuiumzves vaslvafou 208  kl/kg'C
gaungivndives veslnadeu 100 °C

uaz  gunilvIeenves vee lnadou (Require) 49 °C
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9 @ 1 o 9y
5]5Ilﬂﬂgliqﬂf‘ﬁﬂjﬂlmﬂjjiJiﬂuﬂ]ﬂﬂ ﬂlﬂﬁhlﬂﬁiﬂu

(57,150)(2.08)(100 - 49)

6,062,472

=
3
2}

Il

1,684
3 MIMUIMIAVDIAINAYU
He ANUAUNINDDNUDY 3E-102
1 =
ANUHU MU UVDUA TTHU

1 £ 1
oy  ANEe Inun 909 lan

Y a0 A
i lalgaveun 1sFuNoonn 3E-102

2,229,150
= V = W, m
(762)(9.81)
- 298 m
4 mamnaalyarlunsausiums
Wwo - arivlih 3.3
A1AUDINARY g
1 £
Woanniwaay 2 a1 aalumEwesnsautuns 34.4
Hay UM 340

vz lam 199 1ev0amsdiuay
= (34.4)(24)
= (34.4)(24)(340)
= (34.4)(24)(340)(3.3)

= 926,323

KI/h

KJ/h

kW

2,229,150 N/m’

762 kg/m’

9.81 m/s’
Baht/kWh
kW/fan
kW
days/year

kWh/day

kWh/year

Baht/year

Baht/year



MANUIN 3

ARLIAMSAHIVUHIMIMSANEIITT 3

1]
]

AUATO

Bee

ATAHUIN 4 UAAIAIDE1INITATUIUUUINIIAITANEIITN 3 Aonisaa

= b A - o =) = b L uy F 5 ]
uamﬂaﬂuﬂ’nmaumumﬂﬂﬂmmTwumuam‘ﬂaﬂummmmuu1 Desalter Injection tW®
14

angavgiveun lsutaziinguugivoai

3/ o a oo =y = o o
1 YdyamsmuIn [UIEN 1199101 Ias@aey 919a (Wvwu)]

8951015 Ivaveun 155 1U1000210 3E-102

= 57,150 kgh
AnugaNUIous umzveualizu S 208 kikg'C
ad oy = o
RUNYUITUAUYDNA 1581 (Actual) = 100 °C
= 9/ =L . a
auHUgANIeuUA J5BU (Require) = 80 s
by
9A31M5 111a¥0911 Desalter Injection = 19,628 kg/h
v
AWIANINTOUTUNIZYD 1 Desalter Injection = 4.18  kl/kg°C
1 9
UM NIIENANYB I Desalter Injection (Actual) = 69.39 °C
' &Y
AUHYUGUNAVUDUITUA (Actual) = 96.10 °C
v
ANMIANWTOUS U YR AL = 231 klkg'C
2 MIAUIURUNYNTAN 1810 9111 Desalter Injection
2.1 MuUdasInIstumaNuiouvoalsdu
Q = nihcph(Th_.Eﬂ = Th,ou:) (3_7)
e 9asINs Inaveun T3dy 57,150 kg/h
ANugANNIousumIzve L T5du 208 kikg’C
ad y = o
paungiiTuAuveuna 13du 100 °C

(o]

uay  guugigaieveun sy 80
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Vo 1 3 =L
i]3“],ﬂ’B{51‘J’Iﬂ"l‘iEI’IElL‘nﬂ'NiJiE]u‘U'ENLﬂIi"Bu

= (57,150)(2.08)(100 - 80) KI/h
= 2,377,440 kJ/h
nsn = 660 kW

9

2.2 MIMUINYUNYITAMBYD1 Desalter Injection

Q = Tﬁ'c Cpc (Tc,in — Tc,our) (3-7)

e darimsmiamanuion 660 kW
o31M3 1nave il Desalter Injection 18,793 kg/h
ANNIANUSOUI UME Y011 Desalter Tnjection: 4,18 kl/kg °C

v 3
uaz 9N UAUVE N Desalter Injection 69.39 °C
v a oy > P/
v [Agungiigamevati Desalter Injection
660)(3,600 .
IR aaedd,
(18,793)(4.2)
= 99.65 d
[ = r Hy o :‘ ar =
2.3 AMUIMYUNYUNANTLN 1911 Desalter Injection NUNIIHAY
mhcph(Th_Tmix) k- mccpc(Tmix_Tc) (3-8)
& o 5
We  ©»31015 1aveeti1 Desalter Injection 18,793 kg/h
¥
95115 Iaveuiiuay 380,116 kg/h
v
AN DUT UL Desalter Injection  4.18 kl/kg °C
E
anuyaieusumzvoaiwiuAY 231kJkg’C
v
qmﬁgﬁ%ﬂﬁﬁ"l Desalter Injection 99.65 °C
k)
ey guvgiveuiiua 96.10 °C
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Y ¥
vz [dguunglinausznail Desalter Injection futi1iuay

(18,793)(4.2)(99.65 - T, ) (380,116)(2.31X(T,_ . —96.10)

[o]

T 9639 C

mix

v
o

o @ afﬂy a A g/
2.3 ﬂ']3Fﬂ’L!'Jﬂ.lﬂ13‘]Ji3'ﬁfJﬂﬂ']fii"b’L‘U’E]LWﬁﬂ“l’lM']ﬂﬁJu"IﬂJu

M v ¥
mM3lfulgsmuImemsanei 3 szaunsaiugungiiveainiudune

3
o @

Wumduhdu'1d 1.78 esmusaioa Ranin 70% vesndsnuanudeuiiannsadn 1)

L Y
o w

= (=Y 2
Taowmduhiuas Mddramaslumsldanudeufoudasssuaa

v
mifnnuzdesaninssunluilgivlasgavgiveniniuaudeudua

Ed
w0

E] Ed
duiiiuiiag 258.81 esrmaaiFoauazgamgiveniiuiundeenvinmiduiuie

337.77 oA saLFew

v Y
[T 1 3/ ] L%

o o A a ° =]
naansdivdgasiivgungivesihtiudune wdumaminduiy 261.47.

E
o at

¥ ¥
psruwaifua lasgamgiivesiuauinoenveumdniniudnuauiidunz sasns

9
TvaveaisiuAuiM 373,801.76 ke/h

3/
@ aw

vt © LEL UL L) S) 24 M/ (il
Quu5]3ﬁﬂﬂ'ﬁiﬂfﬁf@lwaﬁﬂm']ﬂuu'lﬂuVtﬂ

= [(373,801.76)(2.31)(337.77-258.81)]-

[(373,801.76)(2.31)(337.77-261.47)]

2,289,911 kI/h

1HBfn1N 70% Yeandanua Mo uRewIsasnu g

(2,289,911)(0.7) kJ/h

= 1,602,938 K/h #59  3646 MMBtwday

a odi ! Vv :‘ o ﬂf-d?ll a A ) =
aauyam gaduminiulsdemafe ufasssuna)

(36.46)(263.63) Baht/day
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Wedumaumdy 340 Juee 18

(36.46)(263.63)(340) Baht/340 operating days

3,268,332 Baht/340 operating days

24 mimungungiveenveunlssunoanainns sewanldsuanudou GE-
a o =2 P
121A/B) ¥id )5 013 amunnmemsanei 3

24.1 MimumeasIMsmemanuieugegaiannsoi'ld

Qruoe= (mc‘p)win(Th..in - Tr:,:"n) (3-6)
2 / 4
e onnims lnaveun Isau 28,575 kg/h
manuganuiousumizveunlsyy. 208 ki/kg °C
= = b o
aumgiivoun Isduyuin 80 C
Y
uaz  guuglvidhuenimasidy 29 °C

Y ar 1 3 A o E 4
‘ﬂz\lﬂEiﬁ]i’lﬂﬁﬂ'IUmﬂ’ﬂiJ‘i’é)ui;;fx‘i’q’ﬂﬂfT'IM’}‘imfl']]lﬂ

= (28,575)(2.08)(80 - 29) KJ/h
* 3,031,236 kJ/h
Y30 - = 842,01 kW

2.4.2 11499 Number of Transfer Unit (NTU)

ua

NTU=—— (3-2)
(mﬂ-p:]mi-n
A w i 1 9 20
il wlsganimsmemanudousay 0.08 kW/m” °C
o I v
Aunmsuanalasunnudou 274 m’
8513 Inaveun 1sFu 28,575 ke/h

uaz  manuganudousumzvounlsdu 208 kI/kg °C
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<1 Number of Transfer Unit
(0.08)(274)(3600)
(28,575)(2.08)
= 1.37

2.4.3 mmUseaninannaunsn (3-5)

=i 3 Atexp[-NTUV1+c?]. 4 =
n=2{1+c++vi+c (1—exp[—mm)} (3-5)

o Number of Transfer Unit 1.37

90151715 1Haven 15 Uu190n910 3E-102 28,575 kg/h

AnugaNudauiumzvean i 208  klkg°C
y
@ o o
ﬂﬁﬁ']ﬂ’]'jl’l'ﬂﬁ“\l@ﬂu"lﬁaﬂlﬂu 139,000 kg/h
Vv
o o 1 g
g ﬂ':l']ﬂ@'ﬂ?'lil%}ﬂu‘Fl]’llw']gal]ﬂqu'lﬁﬂﬂwu 4.18 kl/kg T

Cmaxr - (139,000)(4.18)

=0.1

A ¢, /e, ag NTU unuluaumsi (3-5) a2 1dalsz inswamiinu

- 21
2 RO 1T e Pyatt hay
1—exp[< 1374 1+0.47]

= 0.70

1 k)
24.4 SUHAUTAIINTOENANLS UMD ATUISS

e Q Actual heat transfer rate
Usedvina () = = : A (3-3)

@inax Maximum poscible heat transfer rate

We  szdAnima 0.70

wag  danmstumanuieugeganansodiulyld 842.01 kW
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Ed
o

k4 ' 3/ A a & =
ﬂg‘lﬂ ATINTITDNUNANUIDUNNAUUIT

(0.70)(842.01) kW

588.46 kW

245 Munagurinesnveun sy

Q = mh‘cph (Th,in = Th,aur) (3'7)
d'i o U 9 a a d? =
e DATINTIDINANUIDUNINAUVUDT 588.46 kW
93173 Inaveun 1531 28,575 kg/h
3 o =4 o
ﬂ'J"IiJi]‘ﬂ"J’mﬁBufi]'llw'lﬁilﬂdlﬂiﬁﬁﬂu 2.08 kJ/kg (5
= 9 =1 o]
LLAag Qmﬁguﬂnﬂl’ﬁlﬂﬂlﬂii“ﬁu 80 C
F2 = =
%z“lﬂqmwgummmiwumﬂaﬂ
(588.46)(3,600) °C

(28,575)(2.09)

£ 44.36 _

o 2 a Y oo '
3 ﬂ1iﬂ]u]ﬂﬁju'lﬂ"llﬁlQ!ﬂiﬂ&!!ﬂﬂ!ﬂﬁﬂ“ﬂ?]‘u‘iﬁuﬂ’ﬂ‘ﬁu

UAT,,,

A1, =AT,-AT)/0n A T/A T,)

7
i 2

{o oanmMImemaNuIoURATNS 660 kW
Cd
w N T g/ o
duilszansmsaomanuiousiy $mua) 06 kW/m'°C
ot ] 035 °C

waz AT, 1061 °C
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wld At

(0.35 - 10.61)/(In (0.35/10.61) ) °C

o

= 3 (&

P A = ¥ d Ay
‘\]3llﬂ‘ﬂu’lﬂ‘l]’f)\‘llﬂ‘iﬂ\‘lllﬁﬂlﬂﬂﬂuﬂ')'m‘iﬁ)uﬂlu"lﬂlﬁﬂ’q{ﬂﬂﬂﬁ]ﬁﬂﬁ

660/[(3)(0.6)] m’

2

= 367 m



MANHIN D

Medamsiunnuougadaruneuauiu

1 ¥ ¥ o
MARLIN 3 uaasipdmsAInanudeunigadsueslorhonmiionaaleni

aqlilvuendu 2 uazviilendun 3

v o a o =y - o o
1 VBYANIIATU I [UsEn 1J1~‘1§]'Iﬂﬂ1ﬂ'§l,aﬂlj A1NA (UHITU)]

§nims lnavedlothiiddlmienduiia - - 9,223 ofs
§n31713 Inaveelorhitde lmissndud = 7,947 g/s
§ns1s Iravealarhitde hviasnduii s = 4,261 g/s
anugamdensumzvedlor - 22893 Jgc
aungiisuduveslon = 345 °C
QUM IR0 LY = 60 ©
qungiigameveslohdeudmisnduiia - 289.1 &
gumpiigaiouesTerhdeudmioonduii s = 315.6 e
szeEmMInNaR loih A duT 2 = 300 m
szermanmosan i aannauis - 250 m
FANNOUONVBING 127 Schedule 40 (P#2) = 161.925 mm
Saumeluunane 127 Schedule 40 (P£2) = 152.405 mm
SANMEUDNUD YD 10” Schedule 40 (P43) = 136.525 mm
FAUMeIUUDIND 10” Schedule 40 (P43) = 127.255 mm
mmsthanudouvoImanndms o = 54 W/m °C
mmsihanudeuvesnuus lofiu = 0.125 W/m °C

(P#2 = HUIWNAUN 2 LAY P43 = HUWNAUN 3)
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e v o = oA ' oA A 1y
2 ﬂ]H'JmﬂTﬂ‘ﬂﬂﬁﬂuqty!ﬁﬂsﬂﬁfnﬂlnﬂﬁﬁqﬂﬁu?ﬂﬂﬁuﬂ 2 NBRUAUIUKIU 100

a A
Haalung

T.-T
ConductionHeat = : 2 (3-9)
Inle  jplne
rf rﬂ
+
2Lk, 2Lk,
& ad g & g
Weo  gungiisuduveslerh = 45 °C
QUHNOUNAIVDIRUI = 60  °C
SAUNIMUDAVDIND 127 Schedule 40— = 161.925 mm
Faineluuoana 127 Schedule 40 = 152.405 mm
AMNHUIVDINUIY - 100  mm
1 o 9o 3 9y 3 o
AMTIIANINIDUVBAHANAA AT VO = 54 W/m °C
mmsthanudenvsmuiusleiy - = 0.125 W/m°C
7 v v
Hag - srgemaInvulenan lodtlonaui e - = 300 m

(37949 1 U5e2 200 m 1A ¥1N 2 W3z 100 m)

9 T ' ¥ 1
v lamnnudougdoveslevhidelmizendui 2 @aeii 1)
345-60

In161'925 In (161.925+100)

152.405 161.925
27(200)(54) _ 27(200)(0.125)

93,060 W

v lddnnudeugadvvesleindlimisenauii 2 (529 2)
345-60
161925 (161.925+100)
152405 , = 161.925
27(100)(54)  272(100)(0.125)

= 42,522 W
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9 = ~ a oo = w o
ﬂ’ﬂl}i'ﬂqulﬁﬂiuﬂﬁmﬂﬂﬂuﬂu“r‘iu"l 100 AR TUAT 135,582 199

¥
L]

INY 99,460 Laz 81,078 306 aud1ad

P o A a A o
AU oluﬂiiul‘wuﬂ’.l'liJ‘HUT‘U'EJ\mu’JUL‘JJu 150 1B 200 UALUAS W‘LI’JHJﬂm’NJJ'i@uQ’iULETU

=

g

s v Y] a MR ' o oA Ay
3 ﬂ]u?ﬁ!ﬂ]ﬂ'313]iﬂuq@!ﬂﬂmﬂﬂllﬂu]ﬂﬁ'ﬂl}!ﬂﬂuqﬂﬂﬂuﬂ 3 !Naﬂaﬂuﬂu’]““u] 100

a a8
Haatung

T -T
ConductionHeat = L 2
r 7,
ln _0 ln nsu
ri ra
2alk, 27xlk,

=] = a Y :’
o Qmwgmmmumaﬂam =

UUNINAIBINUIU =

e}

SAUNEUBNUDIND 10” Schedule 40

I

Sannie luvedne 107 Schedule 40 =
ANUHUIVDINUIU =
" L] 9 [~ 9/ o

AIMINININ3 UVDIMANAAIA VoY =
mmsthanudeuvsamuuns lofiy =

¥ 1 1
Lo ';1"3Elz‘lfﬂ{lﬂ'lﬂﬂu’JﬂNﬂﬂ“[E]ﬁ']aQWu?Uﬂﬁuﬁ 2

¥y ' T
wldmanuiougyfvvesletiidlumirsndud 3

_ 345 -60
161.925 (161.925+100)
In In
152.405 161.925
27(250)(54)  27(250)(0.125)
= 101,799

(3-9)
345 °C
60 s
136.525 mm
127.255 mm
10 mm
54 W/m °C
0.125 W/m°C
= 250 m
W
W

A 3 a a 1 J 1w
lunsdiiiuanunuvesnuawdy 150 uag 200 Tadwas Wuniannudeugadomiiy

75,470 Uag 62,017 306 amdin
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o =y z 1 k7 T Q'J' ﬂll
4 msannagamgidamavesleshneudhmbanaud 2
Ed
msmusngamgiilmenseslen sxldndnnshimanufougaidsvesnsds

v 9

£l
Torhnaduma ldalaemamduaianudeuficiamnn levimelusie lUdsive muuy

Net changed heat = Heat of conduction

T.-T
me ,(AT) = — (3-9)
In i:_ 1n rfnsu
Fi o
2alk, 2nlk,
& i 8 /A ' &
o 95 waved ledfde lvuaendud = 9223 gfs
gasms navedlohfideldmiondunz = 7,947 gfs
v
ANugANNIoUS uzvosleri - 2.2682 Jig°c
ANuANUTauTwzvesleth = 2.3332 Jig°C
gangiisuAuvesleth - 345 "C
PUNHUNAIVBIRUIY S 60 &
SANNIWUBNVDIND 12”7 Schedule 40 = 161.925 mm
FAun10lUYBIND 127 Schedule 40 = 152.405 mm
AMVUIVOIRUIU < 100 mm
4 o EY = ¥ o o
MMIUIANUIDUYDUWANNAINT VBN = 54 W/m °C
mmsthanudonvemuus loiy = 0.125 W/m °C
o 4 ]
LT TEENNINMUILNAA 10BN IINAUN 2 = 300 m

(299 1 U202 200 m UALYIN 2 H5282 100 m)
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Y = J 3 ' o A =
w2 [dgamgiiveslerhnowdmiasndud 2 (31991 1)

345 - 60 .
9,223(2.2682)(AT) =
( e lrl161.925 In (161.925+100)
152.405 161.925
27(200)(54)  27(200)(0.125)

(AT) = 4.45 °c
Tf"mal,theory = 345-4.45 OC

= 340.55 °c

NAMITHURUIUATIUNUT 100 mm wuhgavigiilaeniemamauimsy 34055
1 k4

ssmnmaid vaiigamgiitmemsluszuues witiy 3205 esmuwamea dniudssunigm
NiwannsznINmgargl syl wad gamgimagu iy 2010 osrisaifed

o 3 U = I 1 = L= L. =
aaiu Tudaui 2 sz lddmgamgilaemsmunguinind 318.16 esmmrafoa

v £

varingungidaemalussuuTanify 289.1 ssrnmadon Aaiulsauuaguiiineds

seriemgangiluszulITuns Mg inanguR Wiy 29.02 asmisarsoa

4.1 MUIUGUH I eN AR MUV IRUIY 150 1A 200 TadiunT

4 A a o <) S
Lﬁmwnmmwuwammumn 100 daawas Wy 150 Lo 200 UnalUaT Lo
o g/ d' Y = ;v ) iy
A laglyaunisn 3-7) sz langamgidatemavesletiuiny 318.77 uaz 319.08 pem

—
Enlbitin|
Y

auiu gangiitaemeluszuuass = gunginangeq - wad19znIng

3 a

guvgiluszuUITasguMNIN Iy

9 U

R ) fnalheory ~ DiLTerence Temperature Between Actual & Theory

3/ = oy VoA Y a o J 9 ] o A
ﬂx“lﬂqmwﬂuﬂmﬂmwmllauﬂmqmmmmuwm 150 UaaluaT NOULNHUWNAUN 2

a

318.77-29.02 °C

o]

289.75 (&
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¥
o

1 Vv v
afuierunuIum 150 tag 200 dadwes mgungidatemavesledneudmiondu

e

2 luszuuaSailu 289.75 uag 290.06 vsruraFed A1UEIEY

5 msAannaamiidaremvedlerhnewdnniiiendun 3

]
=

o Y A w o P = Y Ay
msfinoue Idwdanmsaudetdumsd e luded 4 a8 uiiodunuon
a o 1 = 3’ 1 9/ 1 o A = ﬂ
HU 150 1uaz 200 Uaaluag ﬂT@.mﬁQNﬂﬁ’]ﬂﬂNﬂJ@QiﬂuTﬂﬂuﬁl’lﬁu’wﬂﬁuﬂ 3 ‘luiz‘um}im U

318.34 LAY 319.72 BAAKAITUE ANAIHL

6 msAannamanNTeunmnsastuldiamuanuruauneilu 200 Sadmas
winnsalsgAninwmsanaianudougadoniiny 90% veenstiiuauiy
5 i s o ) | @ oy i
ARDATIIAIBNANUNNI 200 Hadwas a2 lannudeuiansofnu1318veq et indly
_— oo 2
HUWNAUN 2 LagHUIeNaUT 3

Qracovery Q]ass 100mm Q loss200mm

(135,582 - 81,078) + (101,799 ~62,017) = 79,974 W

7 mainnuadminundeuguiFeiannamaenuaena 150 mm
$1999970 Budget 2559 fuald
Fadums 1oAY NG : FO i1 20 80 by Vol %
w &
i
ORI IRAEIEH T NG U FO | = (02X 263.63 B/MMBHu) + (0.8 x 255 B/MMBtu)

=256.73 B/MMBtu

Tunsdifunuaumiu 200 mm Amdsnuanudeugudeiianas (531 2 niaendu) iy
1.08 FOEB/Day %30 6.55 MMBtwDay Aauiluyafindsau
(6.55 MMBtw/Day) x (256.73 B/MMBtu) x (340 operating days/year) = 572,000 Baht/340

operating days
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