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Fig. 1. The structure of the Indirect Fired Water-Bath Heater (an IFWBH of line heater type)
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2 Multi-Objective Genetic Algorithm (MOGA)
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Fig. 2. Modeled IFWBH thermodynamic system
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Table 1. The relations determining the quantities used in Eqs. (7) and (8) [4]

aJolzo

L
L=i+RO+M+Ri+i
U, h K,. h- 4

0 i

A /¥ RAYd
h, —‘/-vv[kNG J-(ZD"“ 'GNG] {Cp’mj [””GJ 5 h, —w[k‘
1D, HaG kg M.,

A, OD Tty . ;
Rr :RnJrR; 5 A’. :[E)m 5 G:ﬁ s My, :pNG'VNG

he,i

S Cp,) P, By LMTD,,

S5 Sl Jl ey

AT
(FPS 5 s 1)
u,-OD;, j < ’

; ds,,=(n/%¥)-ID, ; ID, S =5 {VNG Lo 'Z‘WJ : p,=/(BC)

ein Ve el NG

A, =4,=n-0D,, 'Npazh.hc ‘Npass,hc Ly, IS ol Jsl mlaw
=9
aln
Fe \—RP L ) )
vy—P(b—a) S TPeal e
(\—R)ln _—
\‘—P(b+a)
T -T, T.. —-T .
a=JR 4 . b=R4) : R=—w_lhou . p= theow ™ hein
Tcous = Thc.n T, =T
Thc out Thc in
LMTD,, = ——"—"— o .
n T max = Thcin i) uSiles sles M
T;v,max 77—;1L“0ut
T =%:\ <o [ Bwh-ft7 ] =v1/ 00 [ kW/m' ] sl Syl s £y
t
Aﬁ = T[.ODﬂ,[ .Npalh.ﬁ .Npasx,ﬁ .Lxh
Qionsiy :% =10+ [Btu/h-in']:?/\\f [kW/m'] Jrie )iy S
s, 2 >
As, =N, -(n/€)-ID, |
1, = ’hﬁ :mﬁwl + 1, lgp g Co g bglire 0> o0

mair = ’hfue[ AF;I (\+EA/\ * ') 5 ’hﬁxe[ = pNG . V

Sfueel

P = Cpy,

lso g Cgus bglss 055 (ol )5 i)l

T;mr,max =Typr

S y9eS gl Lol slos iy

M, Cp, d (T, (¢)-T,InT, (t))=

dr
i (0-NCV*) - ()

fuel

mNGA(h -T,s )NG 'szest
S ClelooSesS po30sl o3l b 5Sloasl iy oo
@ 098 BB (Sl Slols cans g g Ll Sl 5 LI

o) ©yg0 4 Oy 1) gdoe iy ord due )i S0y

905 ol (W)

My =% =1-7— z - " (\\)
X fueel (m siel " Phiet * NCV fuel )’r

Do 4i8)S a5 ) b.\zp Y USG50 edbodly Ll i azolis

VO] b og aalgs ply (63,551 &jlge

i(E' _TOS) :in _Wact. =
dt sys. j=l1
X gen. -X cons . _X dest pur ~ <Y dest chi ~ < dest ,sur

(*)
as: X, =0,(1-T,/T,)
d

E(UW _T:)Sw) = X/uel -XNG -szesl

Al o hgS e 9 0905 08 J S e 2 Jgl 0B Buai b oS

il pungiil BB 55 (V) dasly ©jg0 4 w3



AF B SY domin AT Lo ) 6)lad DO 055 «yusS el CSilslo puvie 3

5 @ nl Jl S e e bl JpSlages ) (e S

3 A g Sl 5 G ES iy 0SaS JisScan
Jbw by Sl g o)l Jlinl late b (3 slags pibewsl
25 b ply S 5 ol gslaw — a0ad )y jlead )5 -
Ll (298 5 o9y9cblio I 00)35 (slaJbusids (slagg0lE 5
By L s 3 cplpls sl (ds =CpdT JT —RAP/P ) 4039

g dels wngisl LB (10) Ay )90 4 (VF)

. _ T,.
DS = [mftcpﬂ In ]{t’ :

ft,in

. P ol
—nm,R, ln—[-;” t]+

ft,in

(n;lhccphc ln o _th'Rhc ln o + (\a)
he ,in he ,in

mfthf[ (Tﬁ‘,aut _Ta )+

mhccphc (Thc,out _Thc,in _To )

edgiiag sl s by pllicudSl s Gy 4 2 b o

iy 5l sl b 1) Slples 50,5 M1 g pSojll Lasls olyie

:3)51 Candy (V) drs o

Ns:& N>l (%)
Sgen,M[N

L? 9 03 L’L s 2 e d"\‘JyLSJ9)"j é)';Sgen,MlNdS
el Al LB (V) 2lay ©ypmes (VF) Ay g5lonsbe

Sgen JMIN = ZSgen

adiabatic
-Qﬁtel + QNG —
Tft ,max Thc,min (\V)
. 1 1
QNG - T > 0
he ,in nheater AFT

1 Entropy Generation Number

v

Silodil Sl (Sealidgei ped (19 porde sl 2 (2Kl
ol ()il 03jb byl (Seolindge 5 it S 1 5las! LB

) 55 32058 35 S ol ol ) 35545,5,52 i,
tim ol Jolee 35 o] Jlonl ay Bly 5 mejl cans b g5 oo
nhcater

=(1_]:zmb./TAFr)+ (\Y)

— 1 heater

7711

Mheater ia

» T cede bsasoshy ol alle b b oS Sl )
e e S (el 5lee 3 b (V) 5 (1)
Budb (g7 5 29 2015 DX gy (SteeS & bgie 35 0l 977y (S

@S 3y o oyl Yogiwl —ay58

Zder = 7:7 x ngen.

(F) Ay (Kirdir @ &5l oMo Mg, Kk bl

57 (X8 ) 505 IS g gl €55 (SaraS & sl iy
S M5 958 £ ilwdiaS o sle (b S 2> (St
Okl g (olo S slaptans (slwdingg slogiy, ) (S olyie
doles slunl cddosld drwgs | Sidgh plo lawgi i 5 2o oyl

(%)

e s 5 3 <] 9ol baome 5 i JS 505 951 &5
50 Silwdite slagby) SeS 4 dmp cllyy Aol opl S
2 Sealidges pod (gl Bkl b pslaie pdy 350 8 e

Y0 35y salgs ply 38, dsles ¢ 155 pams

: ds )
x5, -S| 30
sys. k=11 k
&S| Gun o,
dt sys . Tft Thc

1. . .
]T (Qloss Jbur +Qloss <chi +Qloss Sur ) 2 0

: O 9
iZQ =M Cp i[1nT )]+
To loss w w dt w

zsgen,lNT + ngen,EXT

_ds
dt




i-(1+i)"

CRF =(EUAC/|PW ,i%,n) :W
+i) -

(V)

Slias 0 T e3sS1e5) 8 ysS Gy 4 arg b asls b

Seolidge )5
fe pt. = . 0 5 Ze (= Zc1 +ZO&M
Y Lt f'uesz dest " (V¥)

5 G54y slodlie ggere 4 45,5 oS Anje Cund
23,5 a5 (V) Ay ©)50 4 05805 (655551 5

c fuel Z X dest

: - (VY)
Z heater +c fuel z X dest

Cre[ ) = 1 - f;teater =

ook 3 &S 1) Dlples e )5 dja (6 Soilul (sl g
dn o Aol 5l ookl b g o yuuss Tosicals & s sae 4 ol 1 pols

239] Cawds (YO)

(Vo)

anle JB (YF) il 5l 5 039 powive (uidinjoC oy oS

)

rel MIN — (YF)

1
142, er / € fivel 7., gen, MIN

by sl -0
4 preaad yile Ve «Siat oSl 1 gpS Sl L hmgsy cal o
51 e s Toigs (5lad o (gloaizgy B slo el lyie
bly) & g b &8ss gpite glbcueS &ly 5 dajyal)ly ol

dde ¢ 5ol (S )3 0aS e (2285 (B (o s 3 sl

2 Exergoeconomic Factor
3 Wasted Cost Number
4 Phenotype Space

S09595190,5 (5 5lw oo —F
b S o(Seeldge s Glapiugs laBl o) jshie
SHFET A5 & pgwge 9y [YF] ) San 5 ug il ol jom 4y (lox
@ (Seelidge sl gy (nl )3 905 Sty 1) (ogasce
C g (55551 sladi £ 55 o Bjlse ) 4 Sgd oo il Jde S35
oobol Gl 2 [YV] 33,8 Sl Jpamme dnly g (g ¢ Jpaneo
@l ) aja iVl ol lplas 1805 (ShogisSlge s (silo e b

503 le (W) dlasly )00 & lg5 o0 (¥ JSU5) (o] ot

Z Cin )(in + nyx. = ZCOUIX out + Cd&vt ZX dest

ChaX

Suel + Zhealer = CNG‘XVNG + Cfuel ZXdest

Whgw pgae babie Cuy s Cyg Cpa &5 o &

2391 55035 )i ake o 8030 37 sy 5 552551 55 5 s

egaze (55551 Anjp (hey ) edd e CEgwigl eluly g
il 5l Hl)8 0 55 (Cuey =Clier ) 4l

EUAC ]

3600x OH (%)

Zyeater = Porr X Z ey = Povr (

5 dls (SoagisSlge s ol slayiall csuals Hlasl )3 b cplple
S8 4 lgie 581 s Gisu 3 eddes (65,5 sl
Pl 9 Z e < c3lgSe 4Vl Fuja ok (YY) B (Y1) Laly,

S a5 oy g1ty LC g Jsheme

EUAC=PW,,  *xCRF

heater

PW
PW

burner

(pBPF .pSS .Vﬂesh 'CSS

=PW

Structure

+
= Qppp XPW. =

structure

heater

1 Equivalent Uniform Annual Cost (EUAC)

A



AF B SY domin AT Lo ) 6)lad DO 055 «yusS el CSilslo puvie 3

Table 2. Volumetric analysis of natural gas passing through the heat coil [4]
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Table 3. Volumetric analysis of combustion products passing through the firetube in

stoichiometric conditions
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Table 4. The thermodynamic properties of IFWBH working fluids at inlet sections and zero moment
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Table 5. The operational limitations of IFWBHs [4]
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Table 6. The selected changes range for the variables of the thermal efficiency optimiza-
tion function of IFWBHs
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Table 7. The constant thermoeconomic parameters of IFWBH [31, 32]
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Table 8. The values of parameters setting of NSGA-II in the present study
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Fig. 3. Flowchart of NSGA-II used to solve the mathematical model of the problem
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Fig. 4. The three views of the studied horizontal IFWBH (natural draft) - manufactured by TERI company [35]
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Fig. 5. Single objective optimization curves of IFWBH - (a) maximum efficiency, (b) minimum loss and (¢) mini-
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Table 9. Comparison of the case study with Pareto optimal front solutions sample (trading off optimality
and non-optimality)
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Fig. 7. The changes of the dimensionless fitness values of the IFWBH in the optimized mode
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Table 10. The values of dimensionless groups in the optimized IFWBH
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