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Multi-zone dynamic model for multi-stream LNG spiral wound heat exchanger
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Abstract: In order to predict the dynamic performance of spiral wound heat exchanger applied in LNG
Floating Production Storage and Offloading (LNG-FPSO), a multi-zone dynamic model of multi-stream
LNG spiral wound heat exchanger was developed. A mathematic method by establishing 3(s+1) X3(n+
1) diagonal matrices and interconnection matrices was proposed to express parameters in heat transfer
calculation of multi-stream heat exchanger, which is capable of describing the heat transfer relationship
between each stream and each zone. A heat transfer calculation model for fluid and tube wall based on
multi-zone method was presented, considering the staggered arrangement of phase interface, which is
capable of calculating heat transfer in the case of phase changes in both cold and hot streams. Case study
showed that the presented model could be applied for dynamic simulation of multi-stream spiral wound
heat exchanger, and was feasible to handle the transposition of phase interface. The results of presented

model agreed well with the existed model, and the validation deviation was less than 4 %.
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Table 1 Existing representative dynamic models of heat exchangers

Model

Methodologies

Refrigerant

Zone mode Multi-stream Phase change type

Munch Jensen J,

et all")

Rasmussen B P,

et all')

Zhang W J,

et all'7)
McKinley T L,
et all'®)

Li B,et al9]

Cecchinato L,

et all?0)

Luo X,et all™

Mishra M, et all®)
Zhang Qin,
et all10)
Hammer MM

Xu Yifeng and
Cai Zuhuit'?!

moving boundary

evaporator

moving boundary

evaporator/gas cooler

moving boundary

evaporator

moving boundary

condenser

moving boundary

condenser/evaporator

moving boundar,
g y

evaporator

lumped multi-stream HX

lumped three-fluid HX

lumped multi-stream HX

distributed multi-stream HX

distributed multi-stream HX

refrigerants

) Lig-TP-Gas no condensation
(pure/mixture)
. TP-Gas, supercri- .
CO; . no evaporation
tical zone
R22 TP-Gas, TP no evaporation
Gas-TP-Liq, .
R134a ) no condensation
Gas-TP
. TP-Liq, TP-Gas, evaporation/
not specified . no .
TP, Liq condensation
R404A TP-Gas, TP no evaporation
constant ref. .
] single phase yes none
properties
constant ref. .
] single phase yes none
properties
pure refrigerant single phase yes none
mix refrigerant finite volume yes not specified
water finite volume yes none
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Table 2 Initial parameters of case

o
o

Parameters 1 2 3 4

mass flow/kg+s™! 0.40 0.40 0.70 0.70 0.58 0.58

pressure/kPa 6000 6000 1420 1420 230 230
temperature/C 50 —7 50 17 —28 25
Quality 1. 00 1. 00 1. 00 0.69 0.45 1.00

Mole fraction/ %

N Lo 1.0

CH, 97.0  97.0
C Hy 2.0 2.0 69.4 69.4 48.3 48.3
Cy Hy 151 15,1 16.4 16.4
CiHy 155 15.5 35.3 35.3
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Table 3 List of applied heat transfer correlations

Applied region Correlations

tube side Dittus-Boelter 3! for single phase
Boyko %) for two-phase
shell side Neeraas #%) for single phase

Neeraas ** for two-phase

3BT AR Sy . H TR R R A XA B i )
B2 Ak o Bl o 8~ 10 Fis .,

6120
6060 -
6000 -
5940+

——pressure (stream #1)

P/kPa

14431 —bressuré (stream‘#z)

1430+

1417+

1404 el Il Il Il Il } } }
2401 ——pressure (stream #3)
2341
228+
222 C 1 1 | | | 1 1

0 200 400 600 800 1000 1200

time /s

P/kPa

P/kPa

8 A% JBC U B 1) T 3 i N ) 2 A o 2

Fig. 8 Graph of pressure in each stream with time

—65F ——outlet temperature (stream #1)
O =70
=751

Il 1 1 1 Il Il Il
" —outlet temberature ‘(stream #2)

P

} | | |
" —outlet temperature (stream #3)

0 2(I)O 4(I)O 660 860 ldOO 12‘00
time/s
P9 2 B i i th I R i g ) 7 A8 A it 2

Fig. 9  Graph of outlet temperature in each stream with time

2 —— supercritical (stream #1)
=
5
0F—t f f f f f f
09+ ——superheat ; —-—two-phase (stream #2)
4"5 R e I e e R R g
061
2
03 ] ] ] | ] :
09F —— superheat; — - — two-phase (stream #3)
g} 06 [Stia V7a Wia V70 Ve W VA VA WA Ve A Ve
& 0.
203 "NNANNANAINN\IANAINNNNN

1 1 1 1 1 1 1
0 0 200 400 600 800 1000 1200
time/s

P10 2% JBC L St 19 A DX B I A 1] 16 22 el 2k

Fig. 10  Graph of zone length in each stream with time

3TAR . Wi 2 AR B 3 Bk A AR,
RS B T Ak ) 40 S R (8182 S0 A i 2 AP 11 R
Kb, DA KA 28 SO R Ui % 2 RO % 3
AR B A i A2 T DL .



.« 92 . e

i 5 66 &

g

0.40

—— TP-V interface in stream#2 (tube side)
—-=TP-V interface in stream #3 (shell side)

CAAARAAAAAADD

o
w
A

(=4
(9%
(=}
T
=

interface position

STV
0.20 transposition point . . | |
’ 0 200 400 600 800 1000 1200
time/s
&1 11 A ST I B 1] 4 s B ith e
Fig. 11  Graph of interface move with time

3.2 BERIE

HETA 5 SCER i R & 2R LNG 53 FLNG 4§
5 0 A 1 AH OGS 36 B0 RSB ) I S A AE AT
s, I B 925 BHE T DL R 5 R L X,
% 18 2 AW 5 M A0 5 TE 35 4R v A A0 e i ok
FHE Z B Z M XA A a8, XTI
R — A, AWEoE RS 5 2 A STk i
Gy MR B i AR — B, R A BF 5T T k) A
8 TE R P AT DL A A 0 BRI 1 o AR B Bh it B
B B

65 U FSF 97 4 AR T 5 Sk P A R AR [ 1 P-y
Beo VAR 554 RE I $ BT SR RIS BE TLEE 9 11 AR
AT B R 6 IE SR AR T
B PR AR IE R, TR C2 F1 C3 41 i
RAVR, I3 B M i A 7200 7 AH 2
TR RAAE A B0 E B AR IR BB H R, KR
R T G IR 25 X B0 E KRG B R I, (H A S B
FAT AT LR A28 3 30t 1 46 4 0 36 X sl Al 56 156 5K
HEATIERL . 28 Y0 R BB SR I B A AR Y, [w) A 1] A
S E AL il N NI R B Ol < A O
GERG2008" J5 ¥, i i3 REFPROP 6.01 4= g,
HIRW T LB BMERSHILE 4,

RPN R P AL TR,
i S A 5 O A0 S 00 £ 0 1T RS (AR AR L B8RSR R
i, AR U 5%,

Pi BAE AR, PR RS 5200 K A i g
L FESE TR E R A R A, B K 2/ T
A%, 12 fiE 13 FioR,

F4 HEABMAFBERIESH
Table 4 SWHE parameters of validation case

Working conditions Tube side  Shell side
mole fraction 0.3 CH, 0.5 CoHg
0.7 CoHg 0.5 C3Hg
mass flow/kg * s ! 0. 200 0. 065
inlet pressure/kPa 2000 600
inlet temperature/C 50 —15
geometry parameters
shell height/m 0.3
shell diameter/m 0.3
core diameter/m 0.2
winding angle/(®) 8.0
tube diameter/mm 15.0
longitudinal distance between
tube center/mm 20-0
radial distance between
tube center/mm 20-0
number of tubes 5
wall properties
thickness/mm 1.5
specific heat/kJ « kg™ ! « K! 0. 88
density/kg » m—? 2700
heat transfer coefficient
single phase/W e m 2 « K! 1000
two-phase/W «m 2 « K| 2000
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Fig. 12 Graph of shell-side pressure and

outlet enthalpy with time
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