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54920459: MAJOR: CONCERTATION IN; M.Eng. (ENGINEERING TECHNOLOGY)

KEYWORDS: WASTE HEAT RECOVERY/ HEAT EXCHENGER/ CONDENSAT WATER
WANICH PONGOSOT: STUDY OF THE POSSIBILITY IN WASTE HEAT

RECOVERY FOR CRUDE DISTILLATION PROCESS PROCESS. ADVISORY

COMMITTEE: MONTANA RUNGSIYOPAS, Ph.D. 123 P. 2016.

The purpose of this research is to study the possibility and potential of waste heat
recovery from the exhaust gases of boiler in order to produce the steam from condensate water of
steam turbine. The exhaust gas temperature is about 290°C with mass flow rate 1,500 tons/day
have been performed to transfer heat to the condensate water at temperature of 80°C until it
reaches 140°C.

Refer to API standard 530 for stack temperature control. The exposure temperature
shall be at least 15°C above the acid dew point of flue gases. Therefore, the exhaust gas
composition has been measured and then the acid dew point temperature is calculated. It is found
that acid dew point temperature is 160°C which is the limitation in heat exchanger designed.

The heat exchanger is designed to meet the requirements by using energy balance, heat
transfer, pitch analysis method, as well as HTRI-V6 program. The pressure drop across hot side
fluid flowing in heat exchanger has to be evaluated in order to verify that it is as the criteria of the
DEP 00.00.07.71 (Shell standard).

The design and calculation of results show that the cross flow heat exchanger with the
heat transfering area of 7.68 m’ can be exchanged heat to the condensate water 50 tons/day. The
pressure drop in exhaust gas stream is equal to 8.45 mbar, which does not exceed the threshold
determined at 10 mbar,. The heat recovery is about 145 kW, equivalents to oil grade C
109,772.13 liters per year. In addition, the condensate water can be saved 18,000 mS/year. From
the financial analysis, the net income from oil and water saving is 707,764.89 baht per year while
the investment to build and install a heat exchanger is 881,680 baht. Net present value (NPV) is
1,630,948.26 baht and the internal rate of return of the project (IRR) is 75.45%, higher than the

interest rate of 12.62%. Therefore, it is worth to invest.
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MNN 2-11 YDUAIDDINADT(Bomb calorimeter) (NI YYMUAL, 2553)

Ty = gas temperatuss in

Tz= exhaust gas temperalure
T, = wmter tampesature in

T, = water tamperature out

A 2] A a 4 . = a
MNN 2-12 UNANADINADI(Gas calorimeter) (NUINYTA YU AL, 2553)
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{ S ' g %
A9 2-2 ﬂmﬁwmm”lﬂu,axmmm%’au’qﬂ (HH.V.) ¥23vu8umunsa C

@51 Ingoved 9109, 2549)

DESCRIPTIONS UNITS MIN/ LIMITS TEST METHODS
MAX ASTM-D OTHERS
IGNITION QUALITY:
Flash point, PMcc. °c MIN 60 93 -
FLOW PROPERTIES:
Viscosity, Kinematic at 50°C cSt. MIN 81 445 -
Viscosity, Kinematic at 50°C cSt. MAX 180 445 -
Pour point °c MAX 24 (b) 97 -
COMBUSTION:
Density at 15°C kg/l.  MAX  0.9900 4052 -
Gross heat of combustion cal/g. MIN 9,900 240 (a) -
kJ/kg 41,439
CLEANLINESS:
Sulphur content Y%wt. MAX 2 2622 -
or
4294
Ash content Y%owt. MAX 0.1 482 -
Water content %vol. MAX 0.5 95 -
Water & Sediment % vol. MAX 1 1796 -
Strong acid number mgKOH/gm. - Nil 974 -
Dry sludge content
Existent HFT Y%owt. MAX 0.1 - SMS 2696
Accelerated HFT Y%wt. MAX 0.1 - SMS 2696

HU8LYA: (a) Calculation Method based on Miscellaneous Publication No. 97 of the US

National Bureau of Standards may be applied.

(b) Pour Point - Winter (1st November - End of February) maximum limit of 18°C
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q= U, AFAT, (2-3)

Tagh q = easiMsaremanuiou (w)

I'd
U, = Mduilszdnsn MINBNANNIOUTIY (W/mK)
2 v
A = HunoemaNudeu (m?)
F = meatlsznoulsuud
T,

a A a o
Wﬁ@NQﬂlﬁQMﬂaﬂL“Na@ﬂ (K)
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Wan quwgﬁmﬁ 8159800 (Logarithms mean temperature difference, LMTD)
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2. wa@haqqumaﬁﬂ (Mean Temperature Difference, MTD)
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ATj= ————— (2-4)
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In((T, Ty AT, ,-T, )

waz F = #11)52neuilSund (Correction factor, F)
q= mccpc(Tc,Z_Tc,l) (2'5)

q= r;‘hCPh(Th,l -Tyo) (2-6)
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(McCabe, Smith & Harriott, 1985)
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(2-9)

[ dy ~ A o ) 1 3 A 1 @ [ [
5. ﬂ?W‘Ll“VIﬂTiulﬁaVI‘Ll'lulﬂﬂ'l‘L!'JiL!ﬂWﬂ’JﬁJLi’JTIll“I’TaWWHGIg'ﬂiJﬂTl@ (Vﬂowo) agan

< A '
ﬂj’]NLijﬂl@Qm@\uwajﬂl’lwafl'lflﬁlflqlﬂf] (Vﬂowi) ﬁ’laJ’liﬂw’]]’lﬁ}ﬂ’lﬂﬁiJﬂ’li

my,

phAﬂow

flow,o

{ J < { 1 o 1
Tl v, , = ManuiEn lvarugaiane (m/s)

* [ Y Y
m, = amwmi"lwammmmmwm“lﬁamuiau (kg/s)

J ' 9 Y
P, = MANUHULLHUYIVE TnaduFou (kg/s)

¥

Ag, = NUNAIUHTIARYDIYAND (kg/m’)

flow

1 <3 ~ 1
uae ﬂ'lﬂ’)'lllliﬂ%@ﬁ%ﬂﬂlﬂﬁ?ﬂqﬂﬁﬂ1ﬂﬁluﬂﬂ (Vﬂow ].)

m,(N,/N,)
flow,i =

pc(11/4)D],2

(2-10)

(2-11)



28
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Llﬂﬂulﬁﬁ@lﬂﬂu ?f”lll']'iﬂﬁi')‘ﬂﬁ@ﬂ‘ﬂ']ﬂ'lulifJIllﬁﬂ‘Lllll‘U@'illﬂIﬂfJ

DeraX
Re = SALTLE] (2-14)
i

Tagh WL = snnunilanamans (kg/m.s)

) [ ] I Ao A I A o AA o
NFUNT (2-14) ﬁ?ﬁﬁ’].lﬂqfﬂllﬂ‘ﬂ@‘ﬂﬁ]ﬂlﬁﬂﬂlﬂugﬂﬁ’]ﬂlﬂaﬂﬂ (30°) NUUIU 3

A 1 1 9)4' ] U 1 2 dy
Llﬂ’J‘Vii@ll"lﬂﬂfl”ljﬂfl@Qﬂ”lflimx‘ii’)ull“llﬂﬂﬁﬁluﬂiﬁiﬁ ] AU (Kroger, 1998)
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1800 < Re < 10’
0.44in< D, < 2.0 in
0.23in <b < 0.75 in

0.01in<T < 0.022in
1.08 in <P < 3.88in
1 <A/TIDL < 50

r'd
" o a A 9 1
6.2 maulszansmsmanudouvesmslvanmelune (h)
o [ y 1 d’ = 9 A o
dmsums navvvifuihuveanssaanilasuanudeunimsnann
a a 3 1 { g’a
52 ANTMINANVAANVAINITD A1UBI Nusselt number (A8 (Dittus & Boelter, 1930) (1911

A aa ° A AdA 9 ° = Y3
ﬂumqmwgumﬁmu,ﬁmmaiuﬂimﬂummmiauﬁmu,ﬁm) %zmmmmau"lmﬂu

)Y

N3

Nu = 0.023Re™*Pr" (2-15)

1 I @
Taed n = 0.4 lupsalidlumssuanudon (Heating)
A ]
n = 0.3 lunsallumsoremanudeueen (Cooling)

£

o 1% d' A ) (% 9 g’/ =\

mummi"lwaﬂammu 4 1M1 5]3Qﬂlﬁf’JﬂfﬁWﬁﬂclslfolUﬂ']iﬂﬂﬂLLU‘]JolUﬂiﬁu
A A A 1o a £ ' ) ° o 7 o N ¥
LW@‘VI%&WN?I']ET?J?J?%ET‘VWﬂ'lﬁf]'lfJWlﬂ'J”lllﬁ'ﬂu ﬁ?ll']ﬁﬂﬁﬁ'mﬁ@llﬂ']u@uliﬂiuaﬂull!ﬂﬂillﬂ
Tag

B 4mC(Np/Nt)

Re = (2-16)

D,

[ FY <
G]i'lﬂ'liklﬂaell’f)\nlﬂasl]@\?"ll@\ihlﬁaﬂ’]ulﬂu (m/s)

T m,
,

1 9 1 1
N, = Siuisvesganeiaaas uaiowanasuaiuiounny lvadany

N
9 1 4 1 .
D, =@auruguina1laniglune (in)

o 1 I Aa g’z A A 9 v
:mmummmﬂg@wammmﬂumamuamﬂaﬂummmmmu"lwamﬂu

-

U =manuvianamans (kg/m.s)
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NNANMS (2-16) Smsugaianefsuaums lvanauuuy 4 1M Tasegnield

A "o ' o &
Neullwmmuﬂﬁmﬂ € ANU

0.7 <Pr<160
Re > 10000

7. dsz@nsamuesezuvie (1)
Aa o Aa A = I a S 9 o 9
M3AAEHTzANTNIMVIAT VU1 IN UMM AATIEHAD U T U
o [ o a A 1 [ Y
sagiiaumsdmsumuIuYszanTnmne1voan Bessel Wan%U (Incropera & Dewitt,
Y v
2002) 1 ldazainlums s uaee liiae Tasmsnlasun)asvesanms (2-17) azlid

Ad o o ~ .
madsznananndmivaTugzlwmIy (McQuiston & Tree, 1972)

1
9., (hPkA)2(T-T o) tanh (mL)

M= Q. hPL(T,-Teo)
tanh (mlp)
= (2-17)
nf mLIJ
Lﬁ'@
W = [, r)I[1+0.35In(r, /r))] wag m = 2h KT (2-18)

d' a a = \
Tagi n, = dsza@nsnmuesniume
% 1 g}/ j’ a
A, = 8a31MINEMANNFBUNAATUNINUAVUNURIATY (W)

= 9R31ZIEAVDINITDIBINANUSOUNATY (W)

max

q
h = mduilszansmsaiemanuden (WmK)
P

9 ~ .
= [TUIDUNUDIATU(in)

2

Il
=D

A = WU (m)
Al a
T, = QUUYNNWUNI (K)
A g Aa <
Teo = qmwgmawﬂﬂwamﬂwu‘nmmmxm (K)

m = MIUNe3ve9aTY
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1 =
L = mMANNy1Iv03AIY (m)
k = MMIANMuTeu (W/mK)

a 4 9 [ a A
l'p = M50 IaUM TN VY TEENTNINUIATU

9
[ Y (%

WiusanMImemanuiounnasunegnivua’la lag
2 2
s, ~ 2Tlfh1T(rzc'r1) |T5'Too| (2-19)

Y
é’mswﬁammmsm&mmm%’aumﬂﬁummmﬂ‘%uﬁawasammé’mwmsm&m

9 Y 9 9
mm%’aumﬂ%uﬁum HAZINAIUNINUA AIUY

= +
q qﬁns qunﬁns

q= hAqunﬁns |Ts-T00 |+r| fhhAﬁns | TS-TOO |
Aﬁns +n f Aunﬁns
q=h|———| A |T,Te|
(6]
¢= B, A, | T,Too | (2-20)
A
o
A= Ag A ns= total heat-transfer area
. . Aunﬁns+n fAﬁns
1,, = waighted efficiency = [—————— (2-21)
A

(4]

Taeh n = f weighted efficiency
w
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a 4 A a da! A P 9
8. miaszinsdilianuanlsnfavulunsewan/asuanuiou
a o A A 9 a 1 9 %
m3aszHausTausveunsoanilasuanuionstianeanuiounuy lvada
[ g’/ I Y o [ AaA A = 9 % 1 g}/ 3 VA
A 15 ladmsunsainve luasewannlasuanudounu lvadanuuaznenuilunen
1 a 4 1 9}&' L) 9 A v A a 1 v 0 g}; 9
T sz i lawead msuanuanlsnvseaznfuiionanzAnoguuniane Ny
Tunazdmueniotimsldauliyrwnamils anuandsanieazniuiiimezAneguumiane
J Y ' 9 a & U = a 9
vdwaldaussouzmsmomanuiouanms lastanilslgueslvadnriinaaiosa
v 1
HAZUBNIINUUAZNTUHT0ANNANTNTINZANBYUUNITINOTITINARDAINAUANATOUUDA
YA E ' v o A >~ 9
m3 lwaldliannniu FanvzdainanemsiaveunsowaniaounnuiouTasas
8.1 A1 Design overall heat-transfer coefficient (Up)

E4 ]
aumsitimud lvdmfuneasugalaomsiingz ez 109nINGIVRIATUND

9 o 9 ' ~ ' AN YA
FINIUNTATUNUIEHINATULLASND Wa‘ﬂulﬂﬂ’f)

Up = (/U Ry (2-22)

Taen U, = a Design overall heat-transfer coefficient (mz.K/W)
U, = f1 Clean overall heat-transfer coefficient (mz.K/W)

Rp = Ade (m2K/W)

A

¥\J3)
-1
(A/TID,.L) (A,/UIn(D/D,) 1
U, = + + (2-23)
hi 2T[ktube nwho
uag
RDo
R, = Ry, (A /TID,L)+ — (2-24)

w

Tagh Ry, = Auas (m?. K/W)
R, = Anvhasaulune (m” XK/w) fiawniny 0 iiteseinliiinaa
1 A 9 1 2 =W 1 % 4' 1 o a
R, = Awhasmuuenne (m” K/W) Iauiiny 0 riesainluimfe

1 o a 4 o '
Keupe= AANLTEANTMTINANNTOUVRINE (W/m™K)
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MANUMUMUMST [avesnnudsunmannazniutazdsanlsninine

v
1A

= & ] a [ [ < 9 ~ FIR~ 3
Fuumnulsdumuaitiavosves lna uasga lsnaudoyai Iailumsisznums wazilu

o '

~ 9 1 a o @ 9 A o
Guaylamat’JmﬂmﬁalslmmmwmllﬁaLmawuﬂaluaﬂymxm 9 Ulﬂ dJoyaninausluy

U

C .
a13199 2-3 Wludeyamasvesnsldaulunat 13

A13°9% 2-3 AANUAIUMUMS IMavoIANuTouNnanNaz NS ULz Faanisn

(andnd lasgzfiun, 2554)

AV IV IHia AMANNMIUMU (m-K/W)
iloudniiodu (boiler treated) 0.00009
1191AMT0AY (blow down) 0.00035-0.00053
1UUIAT94 0.000175
A duman 0.000175
1Al 0.0004
[ [
maaosoon(flue gas) 0.0009

8.2 MANUAUANATON (Bar)
o [ A ' A ~ 9 v W v
dmSvvedIva lnardunsewanaldsuanuiounu lnadanyu msma
@ ] I J o ' J @ 1
ANwALanaIzIteemilu 2 A Ao manuauaaduluneuazAMANALANATONAIL
UBNND (Serth, 2007)
[ 1 g’; o 9y a o
M3 Inalugaunenuennm ld Taemsihlsmasaauqusisdesnums naluga
1 9 Y A & 4 a s 9 Y KX o @
vouaz ldaumsngdennilsveanss lulauniindundymadiendenumsminnuauan
' ' A A 9 R A A =
asouludiuveans Inalwasewanaldsuanudounuunes uaiiosnnnieanalaon
9 v W gz a g‘; 1 Y Aa =) 9 1 A
anwiounuy Inadanuiuansodaaigane 1iinans lvadeu lauinnan 1 Mg (Pass)
[ [ k) 1 A ] A A
8.2.1 manwananasaulunevesvedlvan lnarmasewanilaou

9 v = Y 3
AIUIDULUUANNU ﬁ”lll”lﬁﬂ!ﬁllfluﬁllﬂ"ﬁllﬂlﬂu

fLG?

= — 2-25
2000D;s@ (2:25)

AP,
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{ < J @ ' { a [ @
Tagd P, = Humanuauasvesms naluneinonsammediumsgudenan
1 1 A A 9
L =MAnueneveunsodani/asunnuseu (m)
1 4 1
D, = idurugudnalanielumoe (in)
1 A I (o Y
@ = aanunianamaaiiliuun

s = Specific gravity
Ihc(np/nt)

G = 1 Mass flux = T >
70

' 4 = Aq Y 9 o
wazawnwesaNudeanun 1% lugunis (2-25) ﬁTVii‘UﬂTiklﬂmlﬂJU

Tuiumelunouaadldlng

64
= — (2-26)

Re

AIUVDINIFYLTYT09 (Minor loss) 3L NTNVGUAINNVAUANATONTAA

Y
9nm3 laluaauil sy

104 (2Np-1)G?
S

AP, = 6.0% (2.27)

=

Tagf AP, = mianuauAnAToNY0INT lalune (MsammizdIumsguyde

399)

N, = TUIUNEIVDIEAND

[ [ k) 1 A 1 A A
8.2.2 MANUAUDIAAIUUDNND mawm"lwam“lwamumsamaﬂnJafJumm

9 v = Y 3
iﬂuLL‘}J‘}J@]ﬂﬂuﬁ”lmsamlﬂuﬁuﬂ”ﬁllmﬂu

(2-28)




36

Tagf AP, = AIANNAUANATONYDINT IHANIBUBNTD (WITUURWIZTIUNS

N, = IUIULDIVDIYAND

T

G = A1 Mass flux = phV

max

J 14 = A ] 1 A
L!a8ﬂ%!’l/‘lﬂlﬂf)iﬂ’ﬂhlﬁt’lﬂ‘l’ﬂuﬂl@\iﬂTﬁulﬁaﬁlulﬂaﬂﬂWWuijﬂ‘ﬂﬂ NAIWITDNN

INHANAADI Ganguli (Ganguli et al., 1985) Nigniwausluaunisi (2-28)

f=1+—] |0.021+ —+

26 /9 272 0.29
(2-29)
1+a Reeff Reg‘é

Re ;= Re(I/b)
1= 1/n;

a = (P,-D,)/D,

INAUMT (2-29) FMSUAMANUAUANATOUAIUUDNND V03D liah lvia
] d’ d’ 9 [ @ ] g)d' 1 % 1 2 dy
Awnsesanasuanuiounuudany Tasegnielaou luaeaumlsni q Al
2000 < Re < 50000
0.734in< D, < 1.61 in
0.4135in<b < 0.588 in
0.0158 in< T < 0.0235 in
0.0729 in <1< 0.1086 in

1.687 <P, < 4.5
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MIMUINUH ACID DEW POINT TEMPERATURE

Tumssman acid dew point vesms ledefudeddailosnnie ledui
Yaatlaesrdsanmswn lusl Tenswauesnun Usznevlddie so,, so,, Co, CO, uay H,0
Tag SO, 1oAY H,0 sznaeiiu H,S0, (Sulfuric acid) 1o loiderunonrden

a =)

wihliguugiivesniy loiFoanas S1aAa991De Dew point sulfuric acid dziFulasudniug
» <] 1 ° Y a @ ] Al a g

s uveunaazaiwam lmnanmsnaniou Tagmwizgausn o Nisunauveaunad
ziinnududugaun pH AN d9HaAN1NANTOUDE1NIN

Acid Dew Point 494 SO,321if1g9n 71 SO, 1z ABITIN1TAIUIN Acid dew point

X
temperature voaasHansuilu l)auaunsuee Verhoff & Banchero H30arn13U89 Okkes
) @ ' 4 o o 4
correlation d11FUMIUIZINUAT Acid dew point temperature yoamysraes laseon lasa
= { I A

(S0, Tael¥iSuamsnlasuniasain so, ilu So, eghargaga Ao 5% (B. ZareNezhad &
Almanian, 2011)

o & 1 2 0 Y . .
Ay aumaae liloragniiwnldlunsdszuna Acid dew point temperature

sulfuric acid:

1. Verhoff & Banchero (Verhoff & Banchero, 1974)

1000/Tdp = 2.276 — 0.0294 In(PH,0) — 0.0858 In(PSO,) + 0.0062 In(PH,0) In(PSO,)  (2-30)
2. Okkes correlation (Okkes, 1987)

Tdp =203.25 +27.6 x Log10 + 10.83 x Log10(PSO;) + 1.06 x (Log10(PSO3)+8)2.19 (2-31)
Lf]i’)

Tdp = qmgﬁﬁum Acid dew point (°C)

P = Partial pressure (atm)
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MmNz RiBaasugmanshenumsianuieuianlilmi (EcoNoMICS
OF WASTE HEAT RECOVERY) (0y5n# noag 1923, 2552)

AR a J o @ t4 o 9 [ B4 '
ﬂiﬂ!ﬁﬂE’ILGINLﬁﬁEﬂf”nﬁﬁiﬁ']ﬁﬁﬂﬂ']ﬁﬁﬁnualu/t?ﬂﬂﬁﬂ!ﬂ1§u1ﬂ31u3@UﬂaUN11“ﬁ1WU

o & 9 = 1 o = 9 A o ~ 9 [ Aa o Y
%'l!‘]_]u@@\‘]ﬁﬂ}l'lﬂ'lﬂﬂthﬂUﬂ’]ﬁﬁﬂ‘}zl'lﬂ']'lllﬁﬂﬂﬂ’]ﬁﬂlﬂ\‘]lﬂﬁﬂ\‘]ﬂﬂﬁﬂﬁlsﬁ\‘]'luwaﬂsllﬂ\iﬂﬁﬁ‘ﬂﬂ?ﬂ

o 9 v X 13 a Aax = A 1 1 Y 9
msrizmsiinnuieunavi ¥ lviilumaialsviavesnasmsnizsigann 1¥918a11

o a 4 2 A (L 9 ' sy Yo & S
Waﬂﬂ"luﬂl@ﬂﬁiﬂﬁ]iu@ﬂﬂﬂﬁ G]NL‘]J‘L!ﬂ15?1\‘1‘1/!‘1«!Vlﬂaljaﬂ1ﬂ’0u°1ﬂ\1q\umNﬁﬂigiﬂ‘]ﬂ!‘ﬂllﬂillﬂﬂgﬂ

] )] [ ] I I o [ @ 4
gamqmmmm%uﬂu uazﬁigﬂznmﬁu“V;lunJuﬁuTwasli]ﬁmiuumﬁwgmamuaz

A A A

a 4 9) a 4 a v A [ A
AUATICUNITANINU Lﬂi@\iﬂ\lﬂﬂi(’ﬂiuﬂ1iﬁmi1$ﬁ ﬂ5$!,ll‘L!Iﬂ§Qﬂ1illa$ﬂ15ﬁﬂﬁu1i}ﬂﬂmﬂﬂ

Q

[

o
TAsans el

an o

Y] 1 I @
1. I50ATIHANBLUNUDUNAY (The average rate of return method) Wuanyuzed

(%

= o Qti' A:IA:; a da! = o = a o A:; g‘/
msnfseuieum lsgninvaimiinavwieunutuasugnioamasues Insansuu
(nsalaanuaaoar9l)) mulald lag

o d‘ 1
mlsan3masao

Q

=2}

AT INANDLUNUDUNAY = (2-32)

@

RUAINUINTAUNTY

Q

] Y 1
v A o [ (% 9
TU9NTANNMTAINUNBIATUAGINITAMUININDATIHNAADLUNUA IR A1 1%

a2 g’/ Iya v A Yo
Nuﬁﬁnuﬂiduiﬂuﬂ‘L!ﬂﬁiﬂﬂ\iﬂﬁ\?‘lﬁ]l‘lﬂ'}maElhl@ﬂﬂnmhl@gﬁ@ﬂ

mlsgnimdenoil

DATINANDLUNUDAUNAY = (2-33)

RUAINUITUTN

o a a @ P 1 4 Aa
Tumsidenldmsmuanlasdndrinasnuluduninentiandousiareg 14isu

a o = I a (% S = A v Y a A
NNUFNTOIURNAY 'mmﬂumiamucluﬁumwsm”lmmimanm%xGlmauamumm;m“luma

= 1

o < (% (% 4 v Aa
MUIUIUNINZAY 0619 150011 M3 1Foasmaneuunusundslumsaaguladon Iasins

9 Yy 9 @

ATNNTUVOAVDADY A

=Dle

an

Y AN I A o A Y v Y 9 v A
UDAND nJu ‘ﬁﬂﬂ1ﬂﬁluﬂ1iﬂ1u’m‘lm@\1iﬂﬂ1%ﬁ’Jm"ll/ VOYAIMNUDYANNUY VLA
FY

Y v o

Y] 9 ~ o = [ A Y 9
BATIIDYASN mu’;ml’lﬂuummmu Ulﬂll]difl‘ﬂWlfl‘]Jﬂ‘U'E']@]i'lWﬁ@]ﬂﬂllﬂuﬂ@lﬂﬂﬂ’lil’lﬂ

(Required rate of return)
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9y 9

fodou Ao Ui alFmh lsgnimaia@lumsduiaialimiiehlsluzlSuaa

1 1A

= o R =R
s ludilsdagamituaiuna
axy A . I a
2. AB3zezaIAUNU (Payback period method: PP) 1Jumswiarsan Insanmsasnu
1 A A A o ~ Yo J A o
nnyamRuasuide lUduszeznaieg lasuilse Teminnms asmuan Tunmsduo
Aa I 1
ansousnnnsan a2 nsal ldun
2.1 HaARULUNUNIONIZUARUAASUgNTHAIBIMINUYNTaaeasiylasans
azauaulalae

arld9elumsasmuisuusn

F2OZNAAUNY = (2-34)

nase Tomignimaonoil

a v IS

2.2 HanRUUNUKIONIZUARUAATDgNTnaImE luinuynilaaeneiy

o a a 9 a
Iﬂi\‘lfﬂi ﬁ]gﬂjugmhl@gﬁﬂﬂ NITNATUINTEUTNUTAUVIGNTAS TN

Q

9y a @ o Y Aa
TupnnsaimsldszeznaaunulumsinsandadenIassmserni liing

v a A ¥ A an Ay Yo =k = s Yo ) Y
ﬂ’lﬁ@]ﬂﬁuiﬂﬂﬂWﬁ’lﬂ hlmuENmm‘ﬁuhluhlﬂmmmNaﬂ‘53Tﬂﬂmﬂﬁlzllmuwmizﬂznmﬂuuu
=< =

uaz T ldmiledayamRuaunaidie imevtatlgrinernuyamiduansniiyandumn

o o I { o G . .
U5uldgndes Tasmuraniluszeznaiiunuid1iladanidu (Discounted payback period

q

method) 11l umsaasziuazlszdiulasans'1d

9
3. ﬁgamﬂwuugm (The net present value method: NPV) ABUITAUIUTINAA

o
o A

H Y
55mmﬁlamﬂi}fguueumwammmuwmmmﬂﬁ’iﬂuamﬂmmmmmammmumum

A Y a o 9 A 2

Y
Gﬁl}f]\‘lfﬂ‘i UIDAUNUNUNUNUAUNUNUNULITULLIN mmmﬁmam"lﬁ’mﬂanmimu NPV =

q q q Q

Y] a

yamagiiugns

Q

NPV = — | -1 (2-35)
t
— (l + r)

] 9
110 1= RUIYAINUATITN
Ct=nszuaRudan lasugn lunsazan
t=1/91 241%n
o dy o ~
n = Sunaeende/suiuil

Y
r=0031A0NITY/OATIHAADLILINY
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4. Q’%waﬂemmumnmiamu(The internal rate of return method: IRR)
I o o A Yo o dy
L‘]J“Llfn'iﬂ?“?ﬂ!ﬁWﬂﬂi?Naﬂ@‘ULWI‘L!‘VIﬂ%vlﬂﬁ‘l]ﬂTﬂﬂWﬁaﬂnuiuIﬂﬁﬁﬂTﬁ DATINAADULNUUIZ
I @ A o Y 1 o Aa 1w A AY Yo 1 v oA 2
Lﬂuammﬂﬂﬁy‘amﬂ%ﬁguuqmwnﬂu 0 1/?3’t’JWaﬂfJ‘ULWI1!VlllﬂﬁﬂlﬂWﬂ‘UNua\THUﬂﬁﬁlliﬂ

Y
mmmﬁmam‘lﬁ’ VINTUNITAIY

2 -

I- —/ |=0 (2-36)
t

— (1 +r)

A
INNI)
a ¥
I[= {QUIYANNUATILIN

Ct = nszuauaalasugnd luuaazae

(-7 1 Feili n
[ :9‘) [J =
n = NUINIAADNDY/ATUIUL
v
r= ammamﬁﬂ/ammammmu
4 [ A o v A o =3 4
Lﬁ@‘ﬂiTUGGIi”INﬁ@]@’ULmLl%?ﬂfﬂiﬁ\?‘nu ‘]Ji”lslﬂﬂ%@]ﬂﬁuGl,%fJi’JiJﬁJTﬂi\iﬂ”liﬂ@]ﬂlﬁ@
v '

emmammmumﬂmsamuuuqemmmmammmuﬁﬁ’mmi (Required rate of return)

w%mﬂmﬁﬁ’unuﬁunu (Cost of capital)



41

U

a d' d' 9
NUVENNYIVOI
a = 9 t4 = 9
quUNs F9113 (2547) Anwimsesnuuutazainglnssitanisunnuiou
o W = o o 2 o a g A ' A A
dwisuaenauanuouninnma leideaiuoen 1nAsesgquoIMelyugll Faliviuig 4.5
MW 104159 I inng vina 150 Mw Tasthanudounla lnaunuszuyvadeu
91017 (Hot air recirculation)
=< 1 A A Y a 4 =
1NMIANEINUN w3 eauanasuanudeuriiames Ty lyweu Tanumungey

a %) 9

{ Y o o Y
ﬁﬁ;ﬂ "lﬂ‘Vl"Iﬂﬁ’E)’E)ﬂLL‘UTJLLag‘VI']ﬂTTVIﬂﬁ’f)‘U m&%qmwgmmmﬂuazm%@u 30°C 1ag 190 -
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o ' ' 9 %7} < o Y U a 1 @
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AR 3-4 UuuuMeaaIUTEUIBANUSouYRURT DILanlAsuANSoU
(M) L - fin, (V) G - fin, (A) Shoulder - grooved fin ttag (1) E - fin (Bimetallic)
(Incropera & Dewitt, 2002)

1.3 vaneuazjluuunsiaizeane

M0UUIA 1"(25.4 mm) OD, PS-101 Class150 §143U 19 fins/inch (748 fins/meter)
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Fin Bundle Information

Outer Wall
Diameter Thickness
(mm) (mm)

Transverse Longitudinal
Pitch Pitch
(mm)

Bundle width 1.718 m
Number of tube rows 4
Number of tubes 112
Minimum wall clearance

Left 9.5250 mm

Height

Name (mm) (mm)

49.4920

Type

1 High Fin1 High-finned 25.4001 2.7686 59.6901 15.8750

Right 9.5250 mm
Number of tubes per pass
O Tubepass # 1: 28

wall
Clearance
(mm)

wall
Clearance
(mm)

Number

umber
Row of Tubes Tube Type Row of Tubes Tube Type @ Tubepass # 2: 28
@ Tubepass # 3 28

© Tubepass # 4: 28

1 28
2 28

High Finl
High Finl

9.5250 3 28
39.3701 4 28

High Fin1
High Fin1

9.5250
39.3701
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1 J 1
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1 4 1
idurugudnatsonielu 22.93 mm
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ANVE1IND 1 m
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Output Summary Page 1
Released to the following HTRI Member Company:
wanich P.
Wanich Pongosot
Xace E Ver.6.00 6/8/2558 19:47 SN:Vals100+ Sl Units
Simulation-Horizontal economizer countercurrent to crossflow
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for W arning Messages.
Process Conditions Outside Tubeside
Fluid name FLUE GAS CONDENSATE WATER
Fluid condition Sens. Liquid Sens. Liquid
Total flow rate (kals) 17.36 4.05
Weight fraction vapor, In/Out 0.000 0.000 0.000 0.000
Temperature, In/Cut (Deg C) 2900 2343 80.0 1400
Skin temperature, Min/Max (Deg C) 177.790 2540 176.190 252.940
Pressure, Inlet/Cutlet (kPa) 103.332 0 751.341 73887
Pressure drop, Total/Allow (kPa)|(kPa) 120731 0 12371 0.00
Midpoint velocity (m/s) 43.91 0.08
- In/Cut (m/s) 0.079 0.079
Heat transfer safety factor (—) 1 1
Fouling (m2-KAWV) 0 0
Exchanger Performance
Outside film coef (Wim2-K) 537 Actual U (WIm2-K) 15.00
Tubeside film coef (WIm2-K) 2692 Required U (VWIm2-K) 14.03
Clean coef (W/m2-K) 14.997 Area (m2) 478.525
Hotregime Sens. Liquid Overdesign (%) 6.90
Cold regime Sens. Liquid Tube Geom etry
EMTD (Deg C) 151.90 Tube type Low-finned
Duty (MegaVVatts) 1.02 Tube CD (mmj} 254
Unit Geom etry Tube ID {mm) 17.302
Bays in parallel per unit 1 Length {m) 1
Bundles parallel per bay 1 Area ratio(outfin} (- 12.786
Extended area (m2) 478.525 Layout Staggered
Bare area (m2) 54942 Trans pitch (mmj} 44 .45
Bundle width (m}) 1.133 Long pitch {mm}) 38.484
Nozzle Inlet Qutlet Number of passes -) 4
Number (—) 1 1 Number of rows (=) 36
Diameter {mm) 1016 1016 Tubecount -) 900
Velocity (m/s) 0.51 0.51 Tubecount Odd/Even (-) 257125
RAMV-SQ (kgim-s2) 256.96 256.96 Tube material Carbon steel
Pressure drop (kPa) 0.27 0.064 Fin Geom etry
Fan Geom etry Type Round
No/bay (-) ] Fins/length fin/meter 748
Fan ring type Fin root mm 22.23
Diameter (m}) 0 Height mm 1.27
Ratio, Fan/bundle face area (-} Avg. thickness mm 0.279
Driver power (kW) 0 Over fin mm 2477
Tip clearance (mm}) ] Efficiency (%) 100
Efficiency (%) 0 Area ratio (fin/bare) (- 8.70958
Airside Velocities Actual Standard Material Carbon steel
Face (m/s) 16.08 Thermal Resistance, %
Maximum (m/s) 43 91 Air 2793
Flow (100 m3/min) 10.93 Tube 71.24
Velocity pressure (Pa) 0.000 Fouling 0.00
Bundle pressure drop (Pa) 120728 Metal 0.83
Bundle flow fraction (-) 1 Bond 0.00
Bundle 100 Airside Pressure Drop, % Louvers 0
Ground clearance 0 Fanguard 0 Hail screen 0
Fan ring 0 Fan area blockage 0 Steam coil 0
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Number of Tubes =25

Over design %
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3.2 A1 Overall heat-transfer coefficient (W/mz.K)
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Number of Tubes =25
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Number of Tubes =25
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U 20 11DITUAN 22.03 kPa 311U 24 1n2TA1 18.4 kPa 311U 28 119731A1 15.81 kPa 31U
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o a0 [ 1 3 VoA @ Y- ' I 1
nnmMssasslinmssauanasouuamneonsula lnsargagaiilu 110.47 kPa azaz Aoy

= 4‘ = Y ) 1 d' A da!
AAAIIUDA 12.36 kPa WoMguNUTIUIUNDLAZUDININL Y

Y1 A o ' ° A A 49! [ J <
’mmmﬁgﬂ‘lmummmumuazmmuummwmu ANUAUANATDUNIL

nlasuldre auaunsn (2-25)

Number of Tubes =25

110,476
120

=
A, o
=
a0
g 54.89
(]
™ 36,589 N
:E 40 : 22.029 154
S : L3811 38T 12963
= i}
=
= 0
1} a3 10 15 20 25 30 35 40
Tube rows
O Bt=1.75 al=151 St=2.00,$1=1.?3 Bt=2.25 al=1195 Bt= 250, =216

{ 1 ° 1 v @ ' ¥ ]
NN 4-5 ﬂ??ﬂﬁuwu§§$ﬁ31\1i]1u’J‘LlVlﬂﬂ’lﬂ3J%)’O‘LlﬂUﬂTLLiQﬂuﬁﬂﬂiﬂmﬁgﬁLlUTﬂ’JIILL‘L!M

1Y 1 9 [ =
3.4.2 usaauanAToNAIUN IS loide
INATNAN 4-6 LAAINANITTIADINUIT ANNAUANATONNAUNDANINS DUVDS
d‘ A 9 v @ o 1 9 4] = ~ 1 1 1
wsoaanilasuanuiounuy Tnadanusiuau 25 e dAumaleide Nszezvineszniname
S,= 1.75 inch S, = 1.51 inch HiA10g 11529 9.83 §9 120.73 kPa S, = 2.0 inch S, = 1.73 inch
1A10g1urI93.97 53 49.95 kPa S, =2.25 inch S, =1.95 inch UA10¢1U%I9 1.76 D13 22.66 kPa
1Az S, =250 inch S, = 2.16 inch T 0g U119 0.85 D4 11.05 kPa vz dana lanai 14
INMINAVINITLILHINTENINNG S, = 1.75 inch S, = 1.51 inch S, = 2.0 inch S, = 1.73 inch
. . o v 1 A @ YA v a A | '
1Ay S, =2.25 inch S, = 1.95 inch dmsumneonsu1d Niflesnnfern 4 107 szezH19sEHNg

0 S,=2.50 inch S,= 2.16 inch ANVAUANATONNIAY 0.848 kPa (8.48 mbar,)



70

= A P Y 1 9 A Y 9y 9)2’/ 1 =
Fuasewanidsuanuiounvuneanuiouniesnuu Bawnsaldaulaaue o auds
1kPa (10 mbar)
Y1 A o 1 AAa A 1 @ <3
anwnsaaglidaindesuauneuaziniioninaneaNuALaAINANIE)
[ a A ] ' =S @ o A 1 @ ] (4 = o Y
youma loidei Inarmunguneduilutlitenaniuana iy anusvesms loidegari 14
MAAMNAUYDINT AR IUNEUNBUINNFALAZANNALIZAAAINDIZIZHINTZHINNONN

Y

=<
YU

Number of Tubes =25

-
=
=

—
=]
S 100
-t
p—_
B 30
@ 1}
=1
'5 0 5 10 15 20 25 3n 35 40
e
S
Tube rows
Bt=1735, =151 Et=2.00, al=173 Bt=2.25, al=193 Bt=2.50, al=218

{ v v 1 o ' @ 1 @ ' (9] =
i‘ﬂWﬁ 4-6 ﬂ')'lll’(?fiJW‘L!‘ﬁi$W'J'Niﬂu’)u‘ﬂ’ﬂﬂ’JWN%}'E)uﬂUﬂ'lllﬁ\iﬂuﬁﬂﬂi’f]iJ@S]}'luﬂW“]fll'f)Lﬁﬁl

1 %} 1 ] @ g ] 4
3.4.3 UTIAUANATOUMULIAILUUY (SzrNaTuInAUELUIAIAT 0
4 4 . . y .
panldounudon) 11013199 4-1 naAITEYALAT HAVBITIAUANATONAIULIIAILILIY
g2 ¥, 4 ' ! o & § o
nnnhgnsesanalasuanuieunui ldeenuuuaieTisunsudusegl) o 1w
1 [} 1 v J a (% aol 4
AMTIAUANATONTIY FIAUNUNNITRTAUMTIAUVS TorhduBonINAT B4
~ 9 Y I~ 1o ' [ 3}/ o Y 1 A A
uanifasunnuFon doalin 1d1n1 2.8 bar, A9l usaduvTIneunIeanilasy
o a3 a 4 [ %,‘ :; { ) [ o
anudoudssuiulumsniorsan wis 1w lauseau lorhdnmunz andmsumsii 114

NITUIUNIT



$ 1 901 ] 2 901 [ 4 H
MINA 4-1 FoyanazkavedsiauanasouanhmIuinnduhgnsewanilasu

anudou

71

Weight density:

Dynamic viscosity:

Element of pipe:

Dimensions of element:

Velocity of flow:
Reynolds number:
Flow:

Absolute roughness:
Pipe friction number:

Resistance coefficient:

998.206 kg/m’?

1001.61 10_6 kg/m s

circular

Diameter of pipe D: 38.1 mm (1 % inch)
Length of pipe L: 40 m

0.51 m/s

19351

turbulent

0.15 mm

0.03

34.67

Pressure drop:

44.95 mbar, (0.04 barg)

{ 1 z 1 A %’ U 4 =
HAINAS 19N 4-1 Lmmmﬂmauﬁ/mmmuLluumﬂﬂuuwgm’%muaﬂmaEJu

ANWTOU oNuIA 1 % inch N382 40 m AWM 44.95 mbar, (0.04 bar,)
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a P ] [ 1 o 1 1 [ [ H °
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1.1 fwanua ity 4 und Tagliswaunemiy 25 nedennd fiszeziiig
SYWIIND S, = 1.75 inch S, = 1.51 inch TiAdu)szansmstomanuousiu 212 Wim' K
f1 Overdesign 1NV -78.88% AITIAUANABUAIUUONNBININD 9.83 kPa wazaiumeTou
ANVSOUMINY 7.67 m’

1.2 fismaunniiiy 20 uea Taelis et 25 nedsund iszezrig
JYNINNO S, =2.0 inch S, = 1.73 inch I¥mdulszansnseemanudensiu 19.14 Wim'.K
A1 Overdesign (MAY -80.94% ALTIAUANADUAIUUBNND 3.97 kPa wazAiuiantaou
ANVF UM 7.67 m’

1.3 fsmauneaiiiy 20 uea Taefisuausionid 25 vedennd fiszezniig
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ANVTOU 7.67 m’
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A =) 9 ~ ' A o 9 A A
AT NN 4-2 ﬂﬁllﬁﬂﬂmﬂﬂﬂgﬂﬂl@yﬁVILTTNW%ﬁiJG]fJﬂig‘U’Juﬂﬁ L‘INEJuﬂ‘lJﬁiNLﬂiENLmﬂL‘ﬂafJu
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ANUTOU
WA IAIUIN . anldsunsuduiozi '
INMIATUIN AN
HTRI-V6
yadoyananga
36 1107 25 19 41197 25 Mo
1n. 1. 1. 1.
S=175 S=2.00 S=225 S$=2.50
S=1.51  S=1.73  S=1.95  S=2.16
Over desing % -78.88 -80.94 -81.2 -82.83 <10 %
Outside DP(kPa) 9.83 3.97 1.76 0.84 <1 kPa

A Y . AAa [ 3’, = = 1 a 4 @
LW@LLﬂﬂt‘gﬁ”l Over design % NAADUAIUUDI WasummsmesveIonsIng

2 ' ¢ 4 & {
Ivavesthaiuuiu aseas 10 tons/day Tagisua1n 10 tons/day IUNTLNID 350 tons/day N4

1109 25 NOABIDI 5382HINTTNINNBN S, = 2.50 inch S,= 2.16 inch (yAToYaA 19.) tWOQHAN

{ [ [ ) ?,’ [ { 1
151)asunalaaveenn Overdesign % WU NBATINT IHavestiAIVLUY A 50 tons/day ¥

Overdesign % NUSTUNTANIND 4.82% UAAIAINTNN 4-7 LAZNINAIANUIN 9-5 LAZ -3



74

Tube rows = 4 Number of Tubes =25

St=12.50,81=2.16

Over Design %
g

100 O 30 100 130 200 0 300 350 400

Condensate Water (tons/day)

{ o o d J @ %} 1 @ U {
MR 4-7 ANNFUNUTIEHINOATING 1Hav0IAILLUUNDAT Overdesign % 1 4 1197 25
NOADIND T2OZHINTENINNON S, = 2.5 inch, S,= 2.16 inch
[ g’/ Y d‘ o 1T Aa = g}/ 1 d‘ 1 1 ]
Aty a3 1471 ATwIuneAaAIUNIKNA 100 W10 1 4 1107 25 NPABLDI TZTHN
1 1 1 1 1Y) 1 [ [
5241919M07 St = 2.50 inch S, = 2.16 inch UAMLTIRUANATOUMUNY ToITerMAD 0.845 kPa

L% v 1a Ja { 1 a g
WI0IMAD 8.45 mbar ¥ 1UMUNUANITDNN 10 mbar A1 Overdesign 4.82% gl

v

)

ANLUUVIDDNIMINDY 140°C guuviniinme loidounesniiny 282°C ingeauani)aon

v
A o

9 ad A Y] 2 o ¥ '
ANNTOUNNUND 1 TOUANTOU 7.68 m” LAAIAININAIANUIN -6 YT DLUUNY
[ (. 1 1w { 1 Qy a 1T o
aavuu 19152 Toand 11 181MiD 50 tons/day 91015 ain1/asenaas aumny 350 tons/day

A A I
vsonally 14.28%

MIMHINN ACID DEW POINT TEMPERATURE Vaatn3eauantae

ANNsou
v & = Y ¥ A 1 9
1AM3A393AN letdeveaniie 1o B-701 @ua15199 11 AMAnuauued
Y
a15szneuiineae 11il SO, = 352 ppm ¥IOINIAY 0.352%vol, H,0 = 10.7%vol Hazl3inu
M lorde = 20 mbar, 5u1mmsulaeunlasnn so, W So, egiinigega e 5%
(ZareNezhad & Almanian, 2011) H3eausamuismudesdudvesns)asuulasnn so,
4
1311 SO, MuauATVI ENGSOFT Lab (Power plant engineering) @150 loida ldaadl
gauvaNaNga SO, (Equilibrium temperature, °K/1000)

T=(1,000 + 273.15)/ 1,000 = 1.273
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masiiaugailofinnsananuiive s Kp
Kp= Exp (12.12/ Tx (1-0.942x T +0.0702 x T°-0.0108 x T x Ln (1000 x T)
-0.0013 /1))
Kp =Exp (12.12/1.273 x (1 - 0.942 x 1.273 + 0.0702 x 1.273%-0.0108 x 1.273 x Ln
(1000 x 1.273) - 0.0013/ 1.273))
= 0.172

AUAUYOY (Partial pressure of SO, SO, uag H,0, atm)

0.5
PSO; = Kp x PSO,VW/ 100 x (PO, VW/ 100)

0.5
0.172 x 0.352/ 100 x (7/ 100)

0.000160444 atm

PSO, = PSO,VW/ 100

0.352/ 100

0.00352 atm

=)

H,0 = PH,OVW/ 100

HU

Z¢

PConv = PSO; / PSO, x 100

0.000160444/0.00352

4.56%
110 PSO, VW, PO,VW: SO, and O, volume percent in wet flue gas, %

PConv : SO, Conversion rate, %
PSO,, PH,0: Partial pressure of SO, lta¥ H,O, atm

Tdp = 203.25 + 27.6 x Log10(PH,0) + 10.83 x Log10(PSO,) + 1.06 x

2.19
(Log10(PSO,) + 8)

203.25 +27.6 x Log10(0.1071) + 10.83 x Log10(0.000160444) + 1.06 x

2.19
(Log10(0.000160444) + 8)

= 160°C
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~ Y

Y1 . . A 1w R o & {
?f’;:ﬂ"lﬂin Acid Dew Point Temperature 4AUNINY 160 °C mmgﬂumwmmmm

a (4] =S 9 [ A Y] [ 1 AAa 1
Qﬂ!ﬁgﬂﬂl@ﬂﬂ'lﬁlfulﬂlﬁﬂﬁl?ﬁﬂﬂﬂ'NLW@ﬂ@\?ﬂ'lﬁﬂﬂﬂﬁ@u‘ﬂwl‘ﬂﬂ

a d v v [
'Jlﬂ§1$ﬂﬂ1ﬂﬂ1uﬂ1§®1§§ﬂﬂwaﬂﬂ1u
o Y] Ay A < J 1 [ 1 ] a g’/ A
MSMUIUNANITUTEHIAFDINAIFUTUNAA TSI ULALHAINITANAIAT B
A 9
wanasuanuiou
[ 9 g v
1. manuieuiumunsa C
dy a ~ 9 o o 9 g I g o ~
womauvadnlgdmsunelerh (8-101) Whniniueunsa C 1 2.0% S
' v v Y A a ¢ Y ) 2
manudaum lannminaasd lagasigisusumasiimes 3¢ 1imANusoUI NN
(Gross calorific value) 9915199 2-2
Y
A9UL
HHV =41,439 filagasan laniy
(] Q dﬂ} =) d'
2. Mwravnalsevgaveuyamasnanag
a g 9 a 1] 1A =1
Suamswaniitdeu = 0.54 nlansuaeIui
=50 AUADIU
1 ?)I { QU
annSeonvenifeungau’ls (q) = 145,700 TaA(1 w = 1J/sec)
< o A A 9 @ 1w o 1A
93 lamsmuveanseaanitlasunnudon = 24 9 1u9a03U x 365 TUA01)
= 8,760 %2 1190 01)
9 A o Y ¥ (= a ag ¥y A =
Suaanuiounm Innhaiuuuniguvgigavu lesldnsowuani/asu
9
AN
WSannudeu (Q) = 145,700 5ad x 8,760 %2 1naa01)
v o (=
= 1,276,332,000 300-%2 1uaaod)
= 1,276,332,000 x 3,600 3a¢191)
= 4,594,795,200 1 lagasnol)
j‘ a a o [ a 1 Aa [
womas 1 nlansy Tiannudou (HHV) = 41,439 nlagaden lansu
% j‘ a
watlsendaoInad = 4,594,795,200 / 41,439
=110,880.94 N lansuao)
1 1 o 90‘ -7
AINNND AT UNIZVDIUI WA C = 0.99 kg/m’
=110,880.94 x 0.99

% dy a a 1T A
nalsengaFoINgs = 109,772.13 ansaell



1 =% 901 ¥ a 90‘ v
noul5u1l5e: wide 1o (B-101) THyemaciniue ¢
= 54,750,000 an5A0Y
= 150 AUADIU
Y Y Y
waalsualge: wide lovi (B-101) IdFemaainiue ¢
a 1 A A
= 54,640,227.87 an3701UN50
a I~ 1
Al 0.20% aell
9 [
PSnanwemasniszuda'ld = 109,772.13 ansaol)
dy a ao' v =3 T W < 4
FIAUDIWAL (31AHUULAT C 1ABU N.A.59 (NIND) (Timau“lmaaﬂa)
=7.395 UINADANT
1 1 H %) g =) H U sO/ %
mlgaenilszuda’ld = snafSmaremasniszuda’ld x s1a18iuen
=109,772.13 25091 x 7.395 VIMADAAT
L=\
=811,764.89 U NAB1)
¥ 1
3. MudarINalsengaverinIuLLY
y 1 { U %) 1 U
Panharuuiuniseuda'ld = 50 duaeiu
= 1,500 AUADIADY
4 [
= 1,500 gNUNANIIATADIADY
o [ 1 %’ a L% 1 4 1 o
Tagrimualdoasianinauming 2 1IMABENUIANINAT ANAIMUUAYDA
o [ U & s 3 o v Y a A @
nsnvadszmu dusvilouglsanauineessd Hlusasianihay u Mounueu 2559
9o’ { [ 1 14
Ysmanimsgndalanell = 1,500gnu1anmuas x 12 1hou
4 (=1
= 18,000 gAUIANILATUINAD)
[ %’ ~ Y] Y1 A 14 1 4
aniilszvda ldaeil = 18,000 gNUIANILAT x 2 LINADYNLIANIUAS

= 36,000 V1NADI)
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a d Y d
3!ﬂ§1$ﬂﬂ1ﬂﬂ1ﬂlﬁiﬂ§ﬂ]ﬁﬂ‘§
a r'd 4 o a [ % {
Tumsansizdimaasuaes Insuiodnnlflsadumensnaneuunudunae
1 ] o a Iy 4
FTOZNAAUNY Hano U UM TaIuIazyamiligiuvenalse Termigns Tumseysny
o ) a ) o g9 ! ) o &2
WaINUIzAoURTINToYaIwT VAL 191U e 1ATINs THiaazsIaIal A9l
1. 57950v941ATINS
1 [ dﬁl a d' Y 9 =)
AMnauFemaIniszvidald = 811,764.89 v naoil
1 g | { o/ !
Aniauuiunlsenda’ld = 36,000 vnaedl
% g}/ L=
Nalssrgananue = 847,764.89 U1naell
2. mlFnelumsasmuveslngaims Usznoudae
2.1 mginsal
[ A A ay o [ [ =1 v A I
2.1.1 NOUVVTATY YA 1 12 U 25 NoasuD? IMIdaiseadly 4 uad
Y Y ]
AUIUILTIIUIUNONINUA 100 119 TASTIANNENT 1 WATADND FINOUVUUATUIIANUATAL
1 I a
568 V1IN 5IUANNEIIVBINBOUVVNATY = 100 19T 1WUEY 56,800 VN
[l Qy o < a
2.1.2 MOANUTOUIUIA 1% 1D IATAS 417 LN 31UIU 40 a5 1T uiRu
16,680 VN
A [ a ] I a
2.1.3 2A1%0N = 2 89 40 N lan5y 1A UEU 4,500 VN
Y 1 Q’} o U
2.1.4 MENNAUUUVUIA 1% T T1UIU 3 69 = 34,000 VN
o 9| Y a 9 . o o A
2.1.5 ginsaiilesnumsgau@snduiou (Insulation) FINSUNDLALIATOY
= 9 o '
wanlasuanudeuailvi = 45,500 1N
[ 1 0o A [ J [
2.2 alFneslumsduiiunms 2 dlat 1dun ardranseau
] @ o a3 a
22.1 #AIUAUIU = 1,084 VAU 1 1 awduiku 15,176 1w
T A X ) I a
2.2.2 AN = 796 VINADTU 911U 2 AU 1TIUISY 22,288 17N
< ) 3 a
2.2.3 auaunalil = 708 vmaeIu 19U 3 Au uEY 29,736 1N
Y
2.3 alFnelumsanas
< 1 [ 1 o 1Y 4 g}/
2.3.1 193U = 375 U@ TUADANNYN 1 1uaT 31U 1 e Naviua 40
I a
a5 1T UEY 105,000 VN
Y
2.3.2 IUND 1% 1 T28EN 40 1UAT = 120,000 VN

2.3.3 IA59a1auasmufauutg 4 131UNAT = 240,000 TN (AINIIA

Usziliuangsumu U5EM LMC)
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4 [ a [y 4 g
23.4 szuumsesiioinguugiinazussauniaii-oon veena loidenaziil
ALY TIUIU 4 99 = 90,000 LN
[ 1 g
2.4 MYUTIQUNTININ 9
1 1 g
2.4.1 MIUAIQUNTAAN ) = 40,000 1N
A
2.5 U9
o T @ I~ @ I a
2.5.1 SUATUVUIA 30 AU = 7,750 UINA0F2 TN (T unan 8 92 Tue iiuku
62,000 LN
] o [ =
2.6 ANNFITNE1 Vag 140,000 VN
2.7 AudousIAl (01gms 15a1u 53) = 176,336 Um
o VA o Ia 9 a9 [ dy
AMUIUANTONTIAIVOINT NITUAITLITUATIAI
VA [ I = [ A 9
ANADVIIMVOINTNITN/ U = 51N UveINTHIAL/ 91915 1511
= 881,680/ 5
] A ~
ANFONIIAT = 176,336 VIN/A
o & 9 o QY o A Y v Y
asiy Mindeyaneivuazm lgaelumsduiulassmsdedu awnsoaglla

AUAT NN 4-3 LAy 4-4

A 9 [ o A
#1319 4-3 ﬂlﬂgﬁi”lﬂillbl'Llﬂ”I'iﬂ”lLquﬂiﬁﬂTi

318113 YR TRIRY |

31931
amdsnuiilsenda’ld 811,764.89
anhilszvdald 36,000
YAAILIN 0
847,764.89

a [ anr A 1 [ A o Y ' o [ ~
ﬂszumquamnqmmﬂ = ﬂ"lWﬁN”l‘L!LLﬁSﬁ‘LA"I‘VI’IJi%ﬁEJﬂ]lﬂ - ﬂ?ﬂ??ﬂiﬂ‘]&ﬂiw‘ﬂ 707,764.89




4' 9 1 9 o a
M3 4-4 voyamlgnelumsduiiulasans
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518M3 HUE: VN
518918
1 4 1 1
AgUnIallazMYUET
1 S A
- NOUVVATY 56,800
- eAuSou 16,680
- ALY 4,500
y 1
- M3NAUUY 34,000
- gUnsaitlosnumsgadoniuiou 45,500
AT
- 4AunuaIL 15,176
] A
- H 19D 22,288
- auanuna 29,736
1 v a ZIJ
amlgaelunisanns
SEVRLATT 105,000
- Taseaauazmaay 240,000
d’ A Y
- 5TUIATANRYA 90,000
ANVUEY DU 9
- Avudaginsaiang g 40,000
- SOIATY 54,000
33U 881,680
1 o v =S
ANgesne Yag 140,000
Andous 1A (01gm31Fau 5 1) 176,336
o a d' = U [ ?,‘ d' w Y 1 ) w ] d‘
i lsgnimaoasil = mwasnunazindszudald — (Anhyainm + andou
5171) 531,428.89
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3. AT INAADULUNUDUNDY (The average rate of return method: ARR)
dd‘d =\ g’/ =S ) [ [ d' 9
NIAUNTNIAINUNEIATAATINIAUIUNIOATINAADVUNUD UNTED 1 THTU
g}/ Y a (% dl 9 d' o

amuaswsnunumslFtiuamusaunaelannaumsn 2-33) mualdlae

o o A ° A A 1A a A

PATINARDUUNUNANDY = M l5gNTMmAeasll/ JUaanuEuLsD

=(531,428.89 - 140,000)/ 881,680
=0.44 ¥i30 44%
] Y] 4 a
4. yamJaguuvenallss TesignT (The net present value method: NPV)
MuramraanszIyasligiuvewanouununmaeg I8sulueuinaau
Y v H 1

SRTIMANDUNUATUMNADINT HIoAUNUALAUNURUNUETULSH ansomuln ldnn
aush (2-35) UAAINAAINAITIN 4-5

5. HAADULNUNITANNY (The internal rate of return method: IRR)

= = o a ' A o 1w o Y

nIfinszuaRuaasuans luuaaz s umnu aunsomuialamuaums
aush (2-36) LAAIWAAINAITIN 4-5

[ v A v & 4 o

gasmanouUNUINMIaIUIzdadulrsonsuAdoloonTINaAD LN
MINMTANUFINIITATIHAADUUNUNADINS (Requested rate of return) H3® WINATIAUNU
ﬁunu (Cost of capital)

[ g’/ a J Y A A o a

AU MIAATIENAINT 03N VRIHAL T2 TomignT (NPV)HAzHanD LN
15899 U (The internal rate of return : IRR) Afiladayan1vesduvoayamfagiiv amiso
Murarae 11sunsy Excel 1883915199 4-5

P
A o =

TaoimualddunuandeTomariodasiaeniionnan (Discount rate) INIHLBATT
2 Y YA A D Ao vq 9 o X A A A

aonieldgouvessinmsmaisen i) luntisiua i ldonseenideduae iions
Usznougsne (gegansdilnd) vessnmsnans Ingldgeuvessnmaminudosas 12.62
L g Y . °
FUTUOATT D ADULHIOY 2559 FINANTAIUIUTZHZIAIAUNULAZHAADULNUNITAIN Y
Ao 2 2 1A 2 o &
NAIDINIAY HanITIazIDEAAIll

RUAINUITNUTN 881,680 1N

' v sg = o Y 1 A

Amaanuuazinlsevdala 847,764.89 1maeil

WnANFInET Yag 140,000 VN

Ruinilsendaldilaz 707,764.89 11

9
oA 1oty (BATINAADLLNUMITAINY) T80z 12.62

91g1A39M3 51/
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6. 2021A1AUNY (Payback period method: PP) @1e75yamagiugniazan

Jd

1 H Y
lunsaifinanouunursorallse ndaNNATUINLIATNMTOUTNHNAIU

1w

a = ° A 9 ~
Nﬂ%‘l’ﬂﬂu‘l@ﬂﬂ %3ﬂﬂ!’)ﬂ!ﬁ%‘EJ%L’JﬁWﬂl!“IqullﬂmﬂﬂﬁNﬂ 4-5

Tasamsil THSuaenu 881,680 v @unsnlsendald 707,764.89 1 maeil 1935

Y
=1

yanniiugniazauna: hitiyadimnvesdunindiamu madulanildag
FLOZAAUNY = 1 + (881,680 - 628,454.00)/ 558,030.54

=1.457 v50 17 5 1@0u
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4 o ! LY 4 a
A5 190N 4-5 wamsmmmgamﬂwuummwaﬂniwugm (NPV)LLagwaﬂammumsamu

(IRR)
BATINAADVUNUMITAINY (%)
12.6%
a 9 1 [
4 DITUARUAAN L 5 , o yaalagiiu
N . Yfuygaadegaiu  yamlagiiu IRR
3167 azau
0 -881,680 -881,680.00
1 707,764.89 1/(140.1262)' =0.89  628,454.00 628,454.00 20%
2 707,764.89 1/(140.1262)° = 0.9 558,030.54  1,186,484.54  38.31%
3 707,764.89 1/(1+0.1262)' =0.70  495,498.62  1,681,983.15  61.06%
4 707,764.89 1/(140.1262) = 0.62  439,973.91  2,121,957.06  70.85%
5 707,764.89 1/(140.1262) =0.55  390,671.20  2,512,62826  75.45%
59U NPV 1,630,948.26
IRR 75.45%
Weig: NPV = yamifaniuvesnszualuaadigns — yaslagiutuasmuisudu

Q U

a =)

IRR = QUaAAnegniieEuIngIns/ Ruaagnssg



=
unns

asimaanIdenazvoranenuy

;a v
a3ilanid
A A A P o ¥ a2 o =
ﬂWﬂﬂ']iWﬂWﬁﬂﬂlﬂifN!LaﬂHJafJu’ﬂ'JuJﬁﬂuGle’]ﬁu’]ﬂ'J']?Jﬁ’f)ﬂlﬁﬁ@ﬂ\iﬂ']ﬂﬂ']%’llﬂlﬁﬂ
E [ g [ g 1 H
vaansie 1o (B-701) 8a31msaseig 1,500 tons/day 11 1¥anufeusuiiniuuiui

a A ) FY a ?,’ a 1 9 (-
N 80°C LW’f)uﬂ‘lJﬂlf]SGL‘IJﬂiz‘U’JuﬂﬁNaﬂllﬂlﬂ %uwammsammu'lwamﬂu 1N

O

[

4 a o Y o t;‘
aniszasnvosnuiteansndglna ldasll
HANSUATIZHAINATIA
A A '3 . ' Y A Aa
NVANDIFUAIGUINAII 1 inch N9817 1 m 1FATUNNAMIUNUI 0.279 mm g4 1.27
9
[ . [ [ [ 1 ) 14 1 o
mm 31U 19 fins/inch IMIIAGTEWVULDINY TdgNoININMTUOUTAIAZATUNOIN
mmﬂagﬁlﬁﬂu ﬂ?h%ﬂﬁWﬁl&ﬂMMﬁ@Hﬂlm ASME-B31.3: Process piping guide
Tagl¥Fmsmuianaumsmsniemanuiouvsunsoaanasuanuiou
uazmsmuan Tagld 1sunsy HTRI iVons10aeUHaMsMUINIINANNMS WU gadoya
A A A a 9 ) dy A 9 2 A 1A
Mz aungaveunsowanilasunnuioulinunareTounnuion 7.68 m* Iaslinean
ATVIATOINU 4 1107 11DIDL25 NO NILILHIWITENINND S,= 2.50 inch, S, = 2.16 inch UAULT
[ 1 [ = LY [y v " Aa d‘
AuanATONM UM ToIFon1nY 0.845 kPa 301N 8.45 mbar, &3 11AUT 10 mbar A1y
Ia 1 a z [l
INUNNINTUIUDI DEP 00.00.07.71 (Shell standard) A1 Overdesign 4.82% UNUHUUIAIVLUU
1 [ a® 1 v 1 [}
ONININY 140°C guunginas loidea1oonminy 282°C Acid dew point temperature 11101
ac ~ 1 ] [ 3‘.: =
160°C (AWNIATFIU API 530 gauviniin1a loidedeegenin Tdp 98191108 15°C) A9UUT
I o [ o a
anudlu ) 1ddmsumsirll1$aua3a

[

a J
Wﬁﬂ'lﬁ')lﬂi']%ﬂ@%ﬁuﬁﬂﬂﬂ'lw

'
A o

aol ] @ o [} [ Y {
Panhausiuniinduainldss Tewd v 1dmny 50 tons/day 9101/53ai
[ L a Y A A I [ g’; 1 Y ~ YA YR
1apeN 1959101 350 tons/day WsoanTlY 14.28% astiumanuounamsogau 1ads
MNY 145 kW
HAMATIZHNNAIUMTOYSNENAIY
j‘ a { @ a 1 a I 1 1 { @
WSnaemaanlsenda’ld 109,772.13 aasasil vieaatlualdneniseuda'ld
1 2,’ [ { o I3 [ A I
811,764.89 Vol nazlSuaniniumiuilsewda’la 18,000 gninasmwasumastl Ay

]
H I3 £

animlsznda’ld 36,000 umaedl
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a J
Naﬂ”l'i'llﬂi']ﬁﬂﬁuﬂulm%Wﬁﬂ@‘ﬂllﬂumﬂﬁiﬂﬁ\iﬂ'ﬁ

q

a 4 [ 1 1 (Y
MRz iaunuuazwu A lsnielumsasuniny 881,680 U
v 9

1aI0TUENIN 1ATUMENAININTNANFITNENTIAUMINY 707,764.89 A1U 6A5T
HARDLLNUDUNAY (ARR) HANUNINY 0.44 50 44%
a o a
HANIAATIEHNNNTRUY0IIATINTAINY
a 4 a 1 Y] a 1 LY
HANMIAATIZANNAIUMIRuyasTaiugnd (NPV) Tauminu 1,630,948.2611m
FAUINNI 0 azsaTwanoUununeluvealnsans (IRR) UAUNIANY 75.45% Fau1ANI
o a A o Y [ g’; =2 A A a 49! [ 91 ~
sasaaaanmmua 13 12.62% asiuddinanouunuiinadunnmsasnu wnnamldaen
i@o 1 Sequardonisainu
a 4
HAMIAIATIZHIZEZIDIAUNUVOL 1ATING
a 4 A = T W = A = A é 1
HANIANIITHIZEZIAAUNY (PP) UAUNIAD 1.45 3 W30 11 5 1hou ey ly
o A A o = Ay ¥ ~ o o
szaznaaiunuvedInsins vazilierhrannmsanenla Wisumsunumnasing

(3

=~ Y KX A ) [
Gl@ﬁucli]m‘l/;luuaj WUANUAUAIANBDNITAINU

Y
VLA ULUY
= = A Y] 1 ~ a [] o a’/ 9 FY
1. ﬂ'JilIﬂ1iﬁﬂﬂ1lﬂ83ﬂﬂﬂ1ﬂ31ﬂﬁﬂﬂiﬂ‘l/'llﬂ'l$ﬁ@@QUUNUQ%Q@TUiULLﬁZ@WUH@ﬂ
1 Y A ~ KR g’/ da/ I ~ 9 1 a S 1 YA 1
VYDNNDAIMUIDU LUDINNTUANYIATIU Lﬂuﬂimﬂ@ﬂ?1ﬂi@uiﬂﬂﬂ’liﬂlﬂi1$1’ihlﬂulﬂmﬂﬂ'l
A A 9 ' = ' Y !
‘ﬂ'J']llﬁﬂ‘IJiﬂ Lll@llﬂ”lﬁﬂlslf\‘l”luulﬂGIf'NL'JﬁTWu\‘]ﬂ'Nllﬁﬂﬂiﬂﬁ]%ﬁﬂNﬂiﬁﬁuﬁiﬂu%ﬂ'ﬁﬂ?ﬂlﬂ
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= =2 o 9 901 A A
2. f’nillfni”l]fJ']fJﬂ”IﬁﬁﬂH']"lﬂﬂ\‘]ﬁﬂi’)uli’)u'lllﬁzm”ILW”IUlTnJ%luﬂﬁ%’ﬂ'ﬂ!ﬂ”lﬁ'f)u ] Ny
PIATUANA NN
Y A = ¥ Y Y o q Y1
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@ dy =Y A dy v o Y y !
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AT NNARUIN N-1 @mﬁuﬂ'ﬁmmﬁ”w"lm%ﬂ (Kreith & Bohn, 2001)

Table A.10 Properies of Carbon Dioxide at One Atmosphere

91

T P Bx10° Cp k o 100 o 108 vx 10% Pr g8/ x 1078
kg/m*) (1/K) (J/kg-K) (W/m-K) (mZ/s) (N.s/m?) (m?/s) (1/K-m?)

X O

220 —53 24733 - 783 0.010805  0.0558 11.105 4480 0.818 -

250 —23 2.1657 - 804 0.012884 0.0740 12.590 5813 0.793 -

300 27 17973 333 871 0.016572  0.1059 14.958 8321 0.770 472
350 77 15362  2.86 900 0.02047 0.1481 17.205 1119 0.755 224
400 127 1.3424  2.50 942 0.02461 0.1946 19.32 1439  0.738 118
450 177 11918 222 980 0.02897 0.2480 21.34 17.90  0.721 67.9
500 227 1.0732  2.00 1013 0.03352 0.3083 23.26 21.67  0.702 418
550 277 09739  1.82 1047 0.03821 0.3747 25.08 2574  0.685 26.9
600 327 0.8938  1.67 1076 0.04311 0.4483 26.83 30,02 0.668 18.2

V=) Sol ]
AT WAANUIN N-2 AUTUUAVDIUINIVLUY (Kreith & Bohn, 2001)
Table A.7 Properties of Liquid Water at Saturation Pressure: SI Units
T
o Ax 10 Cp k o 108 s 108 vx10° Pr g8 % 107°

K O kg/m®) /K I/kg-K) W/m-K) (m?/s) (N-s/m?) (m?/s) (/K- m?)
273 0 999.9 —0.7 4226 0.558 0.131 1794 1.789  13.7 -
278 5 1000 - 4206 0.568 0L135 1535 1535 114 -
283 10 9997 095 4195 0.577 0.137 1296 1.300 9.5 0.551
288 15 999.1 - 4187 0.585 0.141 1136 1.146 8.1 -
203 20 9982 2.1 4182 0.597 0.143 993 1.006 7.0 2.035
298 25 9971 - 4178 0.606 0.146  880.6 0.884 6.1 -

303 30 9957 3.0 4176 0.615 0.149 792.4 0.805 54 4.540
308 35 9941 - 4175 0.624 0.150 719.8 0.725 4.8 -
313 40 9922 3.9 4175 0.633 0.151 658.0 0.658 4.3 8.833
318 45 990.2 - 4176 0.640 0.155 605.1 0.611 39 -
323 50 9881 4.6 4178 0.647 0.L157  555.1 0.556 355 1459
M8 TH 9749 - 4190 0.671 0.164  376.6 0.366 2.23 -
373 100 9584 7.5 4211 0.682 0.169 277.5 0.294 1.75  85.09
393 120 9435 8.5 4232 0.685 0.171 2354 0.244 143 140.0
413 140 9263 9.7 4257 0.684 0172 201.0 0.212 1.23 211.7
433 160 9076 10.8 4285 0.680 0.173 1716 0.191 110 290.3
453 180 8866 121 4396 0.673 0.172 1520 0.173 1.01 396.5
473 200 862.8 13.5 4501 0.665 0.170 139.3 0.160 095 517.2
493 220  837.0 15.2 4605 0.652 0.167 124.5 0.149 0.90 6714
513 240 809.0 17.2 4731 0.634| 0.162 113.8 0.141 0.86 848.5
533 260 779.0 20.0 4982 0.613 0.156 104.9 0.135 0.86 1076
553 280 750.0 23.8 5234 0.588 0.147  98.07 0.131 0.89 1360
573 300 7125 29.5 5694 0.564 0.132 9218 0.128 098 1766
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(Source: Wolverine Tube, Inc.,)
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AITNMARUIN A-1 FoYaTUNIZVOINOHAZATUNOANUSOU (ASME-B31.3: Process

Piping Guide)

Section D20-B31.3-G, ASME B31.3 Process Piping Guide, App A

| Piping Specification 101 Date: March 16, 2009 Revision: 0 Page 1 of 1

DESIGN PARAMETERS

P-Spec PS-101(A, B, C, D) Calculation Reference: | 00-00-CALC-M-0004-R0

Design Pressure (psig) 2B5 | 260 | 230 | 200 | 170 | 140 | 125 Code of Reference: | B31.3- 2002

Design Temperature (°F) 100 | 200 | 300 | 400 | 500 | €00 | 650 Fluid Service: | Momal

Minimum Temperature (°F) -20 20 | -20 20 | -20 20 | -20 Matenal: | Carbon Steel

Minimum Test Pressure (psig) 430 300 | 345 300 | 270 | 245 | 220 Pressure Rating: | Class 150

Maximum Test Pressure (psig) 820 External Pressure Rating: 15 psi

GENERAL NOTES

| Refer to General Notes 1-12.

AvLLowaBLE PIPE MATERIALS

Component Size Rating Standard Material Material Grade Additional Requirements
Piping Va- 24 Schedule Tables ASME B36.10M ASTM AS3 B ERW - Type E/Seamless
Piping Va- 24 Schedule Tables ASME B36.10 ASTM A108 E Seamless

REQUIRED SCHEDULES FOR NON-THREADED PIPE

SP' Corrosion \o, o cioel % | % | % | 1 |1w| 2 |2%| 3| a | 6| 8 [ 101214 |16 |18 |20 | 24
pec |Allowance

A 0.000 |Schedule| STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD
B 0.031 Schedule| STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD
C 0.063 Schedule| 80 | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD
D 0125 |Schedule XXS | 1860 | 160 | 160 | 80 &80 &0 | STD | STD | STD | STD | STD | STD | STD | STD | STD | STD

REQUIRED SCHEDULES FOR THREADED PIPE
P- |Corrosion | "

Spec |Allowance Pipe Size| Ya * 1 1% 2 2% 3 4 1]
A 0.000 |Schedule| 80 &80 &0 80 80 | STD | STD | STD | STD | STD
B 0.031 Schedule| &0 80 &0 80 80 | STD | STD | STD | STD | STD
c 0.063 Schedule 80 B0 80 80 80 80 80 [STD | STD
D 0125 Schedule XXS | 160 | 160 | 160 | 160 | 160 | 80 80 &0
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. kg J
q= mCCpC(TCz-TC ) =4.051 —x4,1942 — K x(413.15 K-353.15 K)
T s kg

=1,019,423.61 W

m, Cp, AT, = 1,019,423.61 W

1,019,423.61 W

kg J
17.361 — x1,054 — K
S kg

AT, = =55.72

Ty, =290°C—55.7°C=1234.289°C=507.44 K

o 1 1 A 1 <3
1.2 ﬂmammmmmmnmaqmwgumﬁmmua@ﬂ (Log mean temperature

difference, AT, )

(T, " T )T, T, )) (563.15-413.15)-(507.439-353.15)
AT, = : - =
In((T, ,-T AT, ,-T, ;) 1n(563.15-413.15) /(507.439-353.15)

150-154.29
AT, =——— =152.13K
In(150/154.29)
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Input Data

Released to the following HTRI Member Company:
wanich P.

Wanich Pongosot

Xace E Ver. 6.00 6/8/2558 19:47 SN: Vals100+ Sl Units

Simulation-Horizontal economizer countercurrent to crossflow

Unit Data

Run mode Simulation
Unit type Economizer

Hot fluid location Shellside
Tube bundle angle (relative to horizontal) 0 deg
Tubeside flow type Countercurrent to crossflow
Number of bays in parallel per unit 1
Number of bundles in parallel per bay 1
Number of services 1
Number of tubepasses per bundle 4
Tubeside nozzle distribution Axal
Tubeside nozzle distribution Axial
Tubeside nozzle impingement device Distributor
Number of inlet nozzles per bundle 1
Inletinside diameter 101.6 mm
Number of outlet nozzles per bundle 1
Outletinside diameter 101.6 mm
Fans Data

Number of fans per bay 0

Fan arrangement Induced draft
Total combined fan and drive efficiency 82.4 %
Fan manufacturer Unspecified

Fan ring type (inlet) Straight

Optional Data

Steam coil present No
Louvers present No
Header box depth 102 mm
Plenum chamber type Box
Number of intermediate tube supports Program set
Tubeside design pressure 0 kPaG
Tubeside design temperature 0ocC
Use stream analysis No
Bundle Data

Number of tubepasses 4
Number of tuberows 36
Number of tubes in odd numbered row 25
Number of tubes in even numbered row 25
Tube layout Staggered
Tube form Straight
Clearance, wall to first tube 9.525 mm
Bypass seal half tubes Yes
Default bundle type Rows

Tube length 1m
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Input Data
Released to the following HTRI Member Company:
wanich P.

Wanich Pongosot

Xace E Ver.6.00 6/8/2558 19:47 SN: Vals100+ Sl Units
Simulation-Horizontal economizer countercurrent to crossflow

Tubes Data

TubeTypel Data

Tube type Low Fin

Tube material Carbon steel

Tube material thermal conductivity 60.5 W/m-C
Tube outside diameter 25.4 mm
Tube wall thickness 2.464 mm
Tube longitudinal pitch 38.494 mm
Tube pitch 4445 mm
Fins per unitlength 748 fin/meter
Fin root diameter 22.23 mm
Fin height 1.27 mm
Fin thickness 0.279 mm
Fin outside area/length 0.695 m2/m
Wall thickness under fins 2.464 mm
Process Conditions Data Hot Huid Cold Huid

Phase condition Sensible liquid Sensible liquid

Flow rate 17.3611 4.0509 kg/s
Inlet vapor fraction 0 0

Outlet vapor fraction 0 0

Inlet temperature 290 80 C
Outlet temperature -- 140 C

Inlet pressure 103.33 751.33 kPa
Duty multiplier 1

Hot Huid Property Data

Fluid name FLUE GAS

Physical property method

Heat release method

Flash type

Quantity units

Temperature interpolation option
Heat release type

Bulk properties via grid
User specified via TP grid
Integral

Weight

Program

Specific enthalpy

Hot Huid Physical Property Data

Pressure Set- 1

150 - -

Liquid Liquid Liquid
Liquid Dynamic Thermal Heat
Temp. Density Viscosity Cond. Capacity
C kg/m3 mN-s/im2 W/m-C  kJ/kg-C
290 0.953 2553 0.0395 1.0545
210 - - - -
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nput Data

Released to the following HTRI Member Company:

wanich P.
Wanich Pongosot

Xace E Ver.6.00 6/8/2558 19:47 SN:Vals100+

Simulation-Horizontal economizer countercurrent to crossflow

Sl Units

Cold Huid Property Data
Fluid name

Physical property method
Heatrelease method

CONDENSATE WATER
Bulk properties via grid
User specified via TP grid

Nucleate boiling method

Component boiling method

High-fin heat transfer method

High-fin pressure drop method

Single increment method

Force phase separation in tube headers

Physical property/theoretical boiling range
Nucleate and convective

HTRI

HTRI

No

No

Flash type Integral
Quantity units Weight
Temperature interpolation option Program
Heat release type Specific enthalpy
Cold Huid Physical Property Data
Pressure Set-1
Liquid  Liquid Liquid
Liquid Dynamic Thermal Heat
Temp. Density Viscosity Cond. Capacity
C kg/m3 mN-s/m2 W/m-C  kJ/kg-C
80 9716 356.78 0.673  4.1942
110 -- - - -
140 -- -- -- --
Control Methods Data
Shellside friction factor method Commercial
Tubeside friction factor method Commercial
Pure component condensation No
Condensing correlation HTRI Proration
Mole fraction inerts 0
Momentum exclusion 0%
Pure component boiling No
Check film boiling Yes
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3. Input property (Cold fluid) Winiloudo 2
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HTRI-V6
Final Results Page 5
Released to the following HTRI Member Company:
wanich P.
Wanich Pongosot
Xace E Ver.6.00 6/8/2558 19:47 SN: Vals100+ Sl Units
Simulation-Horizontal economizer countercurrent to crossflow
Process Data Outside Tubeside

Fluid name FLUE GAS CONDENSATE WATER
Fluid condition Sens. Liquid Sens. Liquid
Total flow rate (kg/s) 17.361 4.051
Weight fraction vapor, In/Out (C] 0.00 0.00 0.00 0.00
Temperature, In/Out (Deg C) 290 23431 80 140
Skin temperature, Min/Max (Deg C) 177.79 253.99 176.19 252.94
Wall temperature, Min/Max (Deg C) 177.79 253.99 176.19 252.94
Pressure, In/Out (kPa) 103.332 0 751.341 738.97
Pressure drop, Total/Allowed (kPa)l (kPa) 120.731 0 12.371 0
Pressure Drop, A-frame reflux section (kPa)
Velocity - Midpoint (m/s) 43.91 7.88E-02

- In/Out (m/s) 7.88E-02 7.88E-02
Film coefficient, Bare/Extended (W/m2-K) 534.3 53.69 269.16
Mole fraction inert (--)
Heat transfer safety factor --) 1 1
Fouling resistance (m2-K/W) 0 0

Overall Performance Data
Overall coef, Design/Clean/Actual (W/m2-K) 14.028 / 14.997 14.997
Heat duty, Calculated/Specified (MegaWatts) 1.0195 / 0
Effective mean temperature difference (Deg C) 151.87
See Runtime Message Report for Warning Messages.
Unit and Bundle Construction Information
Bays in parallel/unit () 1 Bundles in parallel/bay 1
Extended arealunit (m2) 478525 Bare arealunit (m2) 54.942
Extended area/bundle (m2) 478.525 Bare area/bundle (m2) 54.942
Tubepasses/Tuberows () 4/ 36 Number of tubes/bundle () 900
Tubecount, Odd rows/Even rows ) 25/ 25 Edge seals --) Yes
Bundle width (m) 1.133 Fan guard () No
Clearance (mm) 9.525 Louvers =) No
Header depth (mm) 101.6 Steam coil (=) No
Header Box Hail screen (=) No
- Plate thickness (mm) 98.425 Tube supportinformation
- Tubesheet thickness (mm) 117.475 - Number =) 0
Plenum type Box - Width (mm) 0
Weight/Bundle (kg) 10464 Orientation (from horiz.) (deg) 0
Structure weight (kg) 0 Tubeside volume L) 497.2
Total weight, Dry/ Wet (kg) 10464 |/ 10961
Ladder/walkway weight (kg) 0 Cost Factor (--) 133.646
Tube Information

Straight length (m) 1 Tube type (=) Low-finned
Unfinned length (mm) 0 Unheated length (mm) 234.95
Layout (--) Staggered Area ratio (fin/bare) (=) 8.70958
Transverse pitch (mm) 44.45 Fins per unitlength (fin/meter) 748
Longitudinal pitch (mm) 38.494 Fin root diameter (mm) 22.23
Tube form (--) Straight Fin height (mm) 1.27
Outside diameter (mm) 254 Fin thickness atbase (mm) 0.279
Inside diameter (mm) 17.302 Fin thickness attip (mm) 0
Area ratio (out/in) (--) 12.786 Fin type (--) Round
Over fin diameter (mm) 24.77 Fin efficiency (%) 100
Wall thickness (finned) (mm) 2.464 Internal tube type None

Tube material
Fin material

Carbon steel
Carbon steel
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N9 S, =2.50 inch, S, = 2.16 inch

Simulation 5 : Transverse Pitch = 2.5inch(63.5 mm),Longitudinal Pitch = 2.16 inch(54.99 mm)

Over | Total | Duty Actual |Act. Face Bare Extended | Tubeside | Outside | Tubeside | Outside | Tubeside | Bundle | Tube
Case : Flue gas 1,500tons/day | Design | Area [ (MW) U Velocity | Outside h | Outside h h Velocity | Velocity DP DP Width | Length
% (m2) Wm2-K) | (ms) | (Wm2-K) | (Wm2-K) | (W/m2-K) | (m/s) (mv's) (kPa) [ (kPa) (m) (m)

Condensate Water 10 tons/day |320.84 [ 7.68 | 0.03 10.22 11.39 318.95 32.05 193.44 | 18.60 0.02 0.85 3.09 1.60 | 1.00
Condensate Water 20 tons/day | 131.24 | 7.68 | 0.06 11.37 11.39 318.95 32.05 22737 18.60 0.04 0.85 6.19 1.60 | 1.00
Condensate Water 30 tons/day | 6292 | 7.68 | 0.09 12.10 11.39 318.95 32.05 251.10 | 18.60 0.06 0.85 9.28 1.60 | 1.00
Condensate Water 40 tons/day | 27.19 | 7.68 | 0.12 12.64 1139 318.95 32.05 269.95 18.60 0.08 0.85 12.39 1.60 | 1.00
Condensate Water 50 tons/day | 4.82 | 7.68 | 0.15 13.07 11.39 318.95 32.05 285.85 18.60 0.10 0.85 1549 1.60 | 1.00
Condensate Water 60 tons/day | -10.59 | 7.68 | 0.17 13.44 11.39 318.95 32.05 299.73 18.60 0.12 0.85 18.60 1.60 | 1.00
Condensate Water 70 tons/day | -21.91 | 7.68 | 0.20 13.75 11.39 318.95 32.05 312.13 18.60 0.14 0.85 21.72 1.60 | 1.00
Condensate Water 80 tons/day | -30.60 [ 7.68 | 0.23 14.03 11.39 318.95 32.05 32339 | 18.60 0.16 0.85 24.84 1.60 | 1.00
Condensate Water 90 tons/day | -37.49 | 7.68 | 0.26 14.27 11.39 318.95 32.05 333.73 18.60 0.18 0.85 27.96 1.60 | 1.00
Condensate Water 100 tons/day | -43.11 | 7.68 | 0.29 14.49 11.39 318.95 32.05 34333 18.60 0.20 0.85 31.08 1.60 | 1.00
Condensate Water 110 tons/day | -47.79 | 7.68 | 0.32 14.70 1139 318.95 32.05 352.31 18.60 0.22 0.85 3421 1.60 | 1.00
Condensate Water 120 tons/day | -51.74 | 7.68 | 0.35 14.88 11.39 318.95 32.05 360.75 18.60 024 0.85 37.35 1.60 | 1.00
Condensate Water 130 tons/day | -55.14 | 7.68 | 0.38 15.05 11.39 318.95 32.05 368.74 | 18.60 0.26 0.85 40.48 1.60 | 1.00
Condensate Water 140 tons/day | -58.09 [ 7.68 [ 0.41 15.21 11.39 318.95 32.05 37631 18.60 0.28 0.85 43.63 1.60 | 1.00
Condensate Water 150 tons/day | -60.67 | 7.68 | 0.44 15.36 11.39 318.95 32.05 383.54 | 18.60 0.30 0.85 46.77 1.60 | 1.00
Condensate Water 160 tons/day | -62.96 | 7.68 | 0.47 15.50 1139 318.95 32.05 39045 18.60 0.32 0.85 49.92 1.60 | 1.00
Condensate Water 170 tons/day | -65.00 | 7.68 | 0.50 15.64 11.39 318.95 32.05 397.07 | 18.60 0.34 0.85 53.07 1.60 | 1.00
Condensate Water 180 tons/day | -66.83 | 7.68 | 0.52 15.76 1139 318.95 32.05 403.43 18.60 0.36 0.85 56.23 1.60 | 1.00
Condensate Water 190 tons/day | -68.48 [ 7.68 | 0.55 15.88 11.39 318.95 32.05 409.57 | 18.60 0.39 0.85 59.39 1.60 | 1.00
Condensate Water 200 tons/day | -69.98 | 7.68 | 0.58 15.99 11.39 318.95 32.05 41549 | 18.60 041 0.85 62.56 1.60 | 1.00
Condensate Water 210 tons/day | -71.35 [ 7.68 | 0.61 16.10 11.39 318.95 32.05 42121 18.60 043 0.85 65.72 1.60 | 1.00
Condensate Water 220 tons/day | -72.61 | 7.68 | 0.64 16.20 11.39 318.95 32.05 426.75 18.60 0.45 0.85 68.90 1.60 | 1.00
Condensate Water 230 tons/day | -73.77 | 7.68 | 0.67 16.30 11.39 318.95 32.05 432.13 18.60 047 0.85 72.07 1.60 | 1.00
Condensate Water 240 tons/day | -74.83 | 7.68 | 0.70 16.40 1139 318.95 32.05 437.35 18.60 0.49 0.85 75.25 1.60 | 1.00
Condensate Water 250 tons/day | -75.82 | 7.68 | 0.73 16.49 1139 318.95 32.05 44243 18.60 0.51 0.85 78.44 1.60 | 1.00
Condensate Water 260 tons/day | -76.74 | 7.68 | 0.76 16.57 11.39 318.95 32.05 44737 | 18.60 0.53 0.85 81.63 1.60 | 1.00
Condensate Water 270 tons/day | -77.60 | 7.68 | 0.79 16.66 11.39 318.95 32.05 452.19 | 18.60 0.55 0.85 84.82 1.60 | 1.00
Condensate Water 280 tons/day | -78.40 | 7.68 | 0.82 16.74 11.39 318.95 32.05 456.89 | 18.60 0.57 0.85 88.01 1.60 | 1.00
Condensate Water 290 tons/day | -79.15 | 7.68 | 0.84 16.82 11.39 318.95 32.05 461.48 18.60 0.59 0.85 91.21 1.60 | 1.00
Condensate Water 300 tons/day | -79.86 | 7.68 | 0.87 16.89 11.39 318.95 32.05 46596 | 18.60 0.61 0.85 94.42 1.60 | 1.00
Condensate Water 310 tons/day | -80.52 | 7.68 | 0.90 16.97 1139 318.95 32.05 47034 | 18.60 0.63 0.85 97.62 1.60 | 1.00
Condensate Water 320 tons/day | -81.15 | 7.68 | 0.93 17.04 11.39 318.95 32.05 474.63 18.60 0.65 0.85 100.84 | 1.60 [ 1.00
Condensate Water 330 tons/day | -81.74 | 7.68 | 0.96 17.11 11.39 318.95 32.05 478.83 18.60 0.67 0.85 104.05 | 1.60 [ 1.00
Condensate Water 340 tons/day | -82.30 | 7.68 | 0.99 17.17 11.39 318.95 32.05 48294 | 18.60 0.69 0.85 107.27 | 1.60 [ 1.00
Condensate Water 350 tons/day | -82.83 | 7.68 | 1.02 17.24 11.39 318.95 32.05 486.98 18.60 0.71 0.85 11049 | 1.60 [ 1.00
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Output Summary Page 1
Released to the following HTRI Member Company:
wanich P.
Wanich Pongosot
Xace E Ver. 6.00 6/8/2558 19:47 SN: Vals100+ Sl Units
Simulation-Horizontal economizer countercurrent to crossflow
See Data Check Messages Report for Warning Messages.
See Runtime Message Report for Warning Messages.
Process Conditions Outside Tubeside
Fluid name FLUE GAS CONDENSATE WATER
Fluid condition Sens. Liquid Sens. Liquid
Total flow rate (kals) 17.36 0.58
Weight fraction vapor, In/Out 0.000 0.000 0.000 0.000
Temperature, In/Out (Deg C) 290.0 282.0 80.0 140.0
Skin temperature, Min/Max (Deg C) 182.270 236.0 180.490 235.040
Pressure, Inlet/Outlet (kPa) 103.332 102.5 751.341 735.848
Pressure drop, Total/Allow (kPa)l(kPa) 0.845 0 15.493 0.00
Midpoint velocity (m/s) 18.60 0.10
- In/Out (m/s) 0.1 0.1
Heat transfer safety factor (-) 1.0 1
Fouling (M 2-K/W) 0.0 0
Exchanger Performance
Outside film coef (W/m2-K) 321 Actual U (W/m2-K) 13.08
Tubeside film coef (W/m2-K) 285.9 Required U (W/m2-K) 12.47
Clean coef (W/m2-K) 13.075 Area (m2) 66.85
Hotregime Sens. Liquid Overdesign (%) 4.82
Cold regime Sens. Liquid Tube Geometry
EMTD (Deg C) 174.70 Tube type Low-finned
Duty (MegaWatts) 0.15 Tube OD (mm) 25.4
Unit Geometry Tube ID (mm) 17.302
Bays in parallel per unit 1 Length (m) 1
Bundles parallel per bay 1 Area ratio(out/in) (--) 12.786
Extended area (m2) 66.85 Layout Staggered
Bare area (m2) 7.675 Trans pitch (mm) 63.5
Bundle width (m) 1.6 Long pitch (mm) 54.991
Nozzle Inlet Outlet Number of passes --) 4
Number (-) 1 1 Number of rows (--) 4
Diameter (mm) 101.6 101.6 Tubecount ) 100
Velocity (m/s) 0.0735 0.07347 Tubecount Odd/Even (--) 25/ 25
R-V-SQ (kg/m-s2) 5.24 5.24 Tube material Carbon steel
Pressure drop (kPa) 0.0055 0.0013 Fn Geometry
Fan Geometry Type Round
No/bay (-) 0 Fins/length fin/meter 748
Fan ring type Fin root mm 22.23
Diameter (m) 0 Height mm 1.27
Ratio, Fan/bundle face area (--) Avg. thickness mm 0.279
Driver power (kw) (o} Over fin mm 24.77
Tip clearance (mm) 0 Efficiency (%) 100
Efficiency (%) 0 Area ratio (fin/bare) (--) 8.70958
Airside Velocities Actual Standard Material Carbon steel
Face (m/s) 11.39 Thermal Resistance, %
Maximum (m/s) 18.6 Air 40.79
Flow (100 m3/min) 10.93 Tube 58.48
Velocity pressure (Pa) 0.000 Fouling 0.00
Bundle pressure drop (Pa) 844.85 Metal 0.72
Bundle flow fraction (--) 1 Bond 0.00
Bundle 100 Airside Pressure Drop, % Louvers 0
Ground clearance 0 Fan guard 0 Hail screen 0
Fan ring 0 Fan area blockage 0 Steam coil 0
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Final Results Page 5
Released to the following HTRI Member Company:
wanich P.
Wanich Pongosot
Xace E Ver.6.00 6/8/2558 19:47 SN: Vals100+ S| Units

Simulation-Horizontal economizer countercurrent to crossflow

Process Data Outside Tubeside

Fluid name FLUE GAS CONDENSATE WATER
Fluid condition Sens. Liquid Sens. Liquid
Total flow rate (kg/s) 17.361 0.579
Weight fraction vapor, In/Out (C] 0.00 0.00 0.00 0.00
Temperature, In/Out (Deg C) 290 282.04 80 140
Skin temperature, Min/Max (Deg C) 182.27 235.99 180.49 235.04
Wall temperature, Min/Max (Deg C) 182.27 235.99 180.49 235.04
Pressure, In/Out (kPa) 103.332 102.487 751.341 735.848
Pressure drop, Total/Allowed (kPa)l (kPa) 0.845 0 15.493 0
Pressure Drop, A-frame reflux section (kPa)
Velocity - Midpoint (m/s) 18.6 0.1

- In/Out (m/s) 0.1 0.1
Film coefficient, Bare/Extended (W/m2-K) 318.95 32.05 285.85
Mole fraction inert (C)]
Heat transfer safety factor --) 1 1
Fouling resistance (m2-K/W) 0 0

Overall Performance Data

Overall coef, Design/Clean/Actual (W/m2-K) 12474 | 13.075 / 13.075
Heat duty, Calculated/Specified (MegaWatts) 0.1457 / 0
Effective mean temperature difference (Deg C) 174.7

See Runtime Message Report for Warning Messages.

Unit and Bundle Construction Information

Bays in parallel/unit (-) 1 Bundles in parallel/bay 1
Extended arealunit (m2) 66.85 Bare area/unit (m2) 7.675
Extended area/bundle (m2) 66.85 Bare area/bundle (m2) 7.675
Tubepasses/Tuberows () 4/ 4 Number of tubes/bundle () 100
Tubecount, Odd rows/Even rows ) 25/ 25 Edge seals ) Yes
Bundle width (m) 1.6 Fan guard () No
Clearance (mm) 9.525 Louvers =) No
Header depth (mm) 101.6 Steam coil (=) No
Header Box Hail screen (=) No
- Plate thickness (mm) 12.7 Tube supportinformation
- Tubesheet thickness (mm) 19.05 - Number =) 0
Plenum type Box - Width (mm) 0
Weight/Bundle (kg) 473 Orientation (from horiz.) (deg) 0
Structure weight (kg) 0 Tubeside volume (L) 82.7
Total weight, Dry/ Wet (kg) 473 |/ 555
Ladder/walkway weight (kg) 0 Cost Factor (--) 119.988
Tube Information
Straight length (m) 1 Tube type (=) Low-finned
Unfinned length (mm) 0 Unheated length (mm) 38.1
Layout (--) Staggered Area ratio (fin/bare) (=) 8.70958
Transverse pitch (mm) 63.5 Fins per unitlength (fin/meter) 748
Longitudinal pitch (mm) 54.991 Fin root diameter (mm) 22.23
Tube form (--) Straight Fin height (mm) 1.27
Outside diameter (mm) 254 Fin thickness atbase (mm) 0.279
Inside diameter (mm) 17.302 Fin thickness attip (mm) 0
Area ratio (out/in) (--) 12.786 Fin type (--) Round
Over fin diameter (mm) 24.77 Fin efficiency (%) 100
Wall thickness (finned) (mm) 2.464 Internal tube type None
Tube material Carbon steel

Fin material Carbon steel
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282.0C
0.00000

Pressure drop = 0.845 kPa = 8.45 mbar,

Condensate Water
80.0 C 140.0 C

0.00000 0.00000
ID 100
0.1457 MegaWatts

0D 4.8
290.0 C

0.00000
Flue gas
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Bundle Information

Quter Wall Transverse  Longitudinal Fin -
Diameter Thickness Pitch Pitch Height | Bundle width 1.603 m
Name Type (mm) (mm) (mm) (mm) (mm) Number of tube rows 4
Number of tubes 100
1 TubeTypel Low-finned 25.4000 2.4640 63.5001 54.9911 1.2700 Minimum wall clearance
Left 9.5250 mm
Right 9.5250 mm
Wwall Wall Number of tubes per pass
Number Clearance Number Clearance N
R f Tubes Tube T R f Tubes Tube T © Tubepass # 13 25
ow of Tubes Tube Type (mm) ow  of Tubes Tube Type (mm) @ Tubepass # 2: 25
1 25 TubeTypel  9.5250 3 25 TubeTypel  9.5250 © Tubepass #3: 25

2 25 TubeTypel  41.2751 4 25 TubeTypel  41.2751 O Tubepass # 4: 25
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