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Advantages:
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Compact structure
Large operation range
Multi-stream flow
Large-scale oriented

ution of LNG plant
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Figure 1: LNG train-size growth
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CWHE represents 209%=30% of The liquid production rate is
the investment costs and about sensitive to the effectiveness
25% of the total exergy. lost. of CWHE.
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Existed models for CWHE heat exchanger

e [Effect considered by model o Effect not considered by model

Effects

Single-phase flow

Two-phase flow o . . .
Change in fluid properties o o o o
Multiple streams O O 0 o
Flow maldistribution o 0 o o
Tube arrangement 0 o o o
Pressure drop coupling effects o o o o

<

Need to be considered for high-effectiveness CWHE design!
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Tube arrangement

Pressure drop effects

w

(4 o - » _
Layer evolution model Description metfiod Specific decoupling
based on graph theory algorithms

Simulation teol
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Model characteristic

1.CV is divided layer-by-layer
 Model can evaluate the thermal

hydraulic performance of each layer

2.Fluid is simplified to one-dimensional
flow

» Tube-side fluid is axial flow along tube

1 Tub;side l—-
fluid

One layer of CWHE 3.The fluid vapor and liquid are in
thermal equilibrium

» Shell-side fluid is downward flow
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CWHE Model

Governing equations

Fluid #2

Fluid #1

Tube-sidefliuid

Mass equation: NA2)—=€
Momentum equation: ATy

Shell-sidefluid

Mass equation: NA2H—=€
Momentum equation: ~NCADPR——g=C-

Energy conservation
S R D
==
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Tube arrangement description method

LNG to storage tank
26
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Arbitrary tube arrangement The directed graph The adjacent matrix
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Heat transfer path creation | | |
» According to the broad first search algorithm

LNG to storage tank » Starts from one join point or split point, and
26 27 ends at the next join point or split point

I:> Inlet 0 Inlet 1 Inlet 2

0->6->3 1->8->4 2->10->5
0->7->3 1->9->4 2->11->5

3->12 5->13
H 12->18->15 13->20->16

15

To

12->19->15 13->21->16

15->24 5->14
24->28->26 14->22->17

Feed

24
20
1819
3 24->29->26 14->23->17
. 17->25
6 102211 25->30->27
25->31->27
0

gas
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CWHE Model

Pressure drop path creation
» According to the depth first search algorithm

refrigerant outlet point

LNG to storage tank
26

» Starts from one split point, and ends at the
: : Inlet’ 0" §

28 9
4

2
16

i

> Erm-

14
3 >
5
1011

A

Feed 1
gas 2

Inlet’2° B

- 0->6->3->12->18->15->24->28->26

0->7->3->12->18->15->24->28->26
3->12->18->15->24->28->26
12->18->15->24->28->26
12->19->15->24->28->26
15->24->28->26

24->28->26

~ 24->29->26

1->8->4
1->9->4

[ 2->10->5->13->20->16

2->11->5->13->20->16
5->13->20->16
5->14->22->17->25->30->27
13->20->16

13->21->16
14->22->17->25->30->27
14->23->17->25->30->27
17->25->30->27

25->30->27

L 25->31->27




M;'?

Start

Heat transfer module

:

[ Initial parameter
setting

[ Creation of
calculation path

|

<
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[ Heat transfer
calculation module

e

4

Pressure drop
calculation module

A
Convergence No
criterion module

end

Initial parameter and tube
arrangement information

i=i+1

v
HTPath No.i=1, Tube No.j=0,
CV No.k=1
e
i
[ Current HTpath No.[i] ] =1
e
)
[ Current tube No.[j] ]
k=k+1

Current CV No.[K] )

(
[ of CV

Heat transfer calculatlon)

k>Total
amount of
CV?

j>Total amoun
of Tube?

i>Total
Amount of
HTPath

No

[ Pressure drop module ]

Pressure drop module

Initial parameter and tube
arrangement information

v

DPath No.i=1, Tube No.j=0,
CV No.k=1

i=i+l

b
[ Current PDpath No.[i] )

j=i+l

Current tube No.[j] )
k=k+1

(
(

[Pressure drop calculation]

Current CV No.[K] ]

of CV

k>Total
amount of
CV?

j>Total amoun
of Tube?

i>Total
Amount of
HTPath

Convergence
criterion module
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Mass flow rate distribution principle

» The value of S (equivalent flow resistance) and Ap are updated

» The distribution of refrigerant mass flow rate is adjusted

» The inlet and outlet refrigerant pressure of each control volume are updated,

» The pressure drops of each path group become identical within a given tolerance.

Pressure drop’ ofieach path

Ap=S,G’ Ap=S,G; .. Ap=SG?

Mass flow rate of each path

1 1
G, :G,:---:1G, = ;
JS VS, s,
Normalization of mass flow rate:

G, :G,:-:G, = LS, ; LS, R LS,

n n

SUJS YUVS Y,




> > A ‘\él)’
}" ) P ﬁ}f T

SHANGHAI JIAO TONG UNIVERSITY

Simulation tool

Framework of Simulation tool

3D/2D interactive
graphic interface

J

T

4L

( CWHE geometry )

( Flow arrangement )

[

Third-party software
( Excel , ModeFrontier, ...)

J

OPenGL and object-oriented

languages Mixed programming

Simulation

—) —)

Tube-side and shell-
side working fluid and
refrigerant inlet status

Input module

package

T

4 L
( General results )

(Results shown as table)

(Results shown as chart)

Results shown as 3D
colored graph

Output module

\_

-
Calculation of mixture
refrigerant thermal
properties

4

()

Decoupling the equations

of heat transfer and
pressure drop

s

\_

Heat transfer and flow
model for tube-side fluid

Heat transfer and flow
model for shell-side fluid

A general flow description

method based on graph theory

Simulation module
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Main interface of Simulation tool
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Three-dimensional graphics aided design

A 0 =
25emc) 0 - - o (]11€ ()
=gs =] SiEEE(m)
1 4 _ 0.0200
2 4 1.3330 500 00200
3 4 1.0000 7.00 0.0200
4 4 06666 9.00 00200
5 4 03333 11.00 0.0200
w0 smREm  © | omw
— <
a0 wWREm 0
SRS | EmE | SaEde) W) C
X ‘ 1857 sl . 000
= 2 ‘ 1330 00200
ERERS |1 b 3 ‘ 1.0000 7% 00200
‘ ‘ 05666 900 00200
S ‘ 03313 ik 00200
ESERY 1 + | eFasawEe
o= | | =




sri'ﬂx

SHANGHAI JIAO TONG UNIVE RSITY

Results in coordinate chart

> Show the temperature pressure, enthalpy and quality variation along the tube
i _ =uiont ]

Simulation tool
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Setting dialog
HEFEETEN  Se|ect
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xmax:? Conclusions

A layer evolution model is built, which could take the flow
maldistribution effect and the tube arrangement effect into
account .

A directed graph and corresponding adjacent matrix is
introduced to describe arbitrary tube.

Specific algorithms are designed to consider the pressure drop

effects on heat transfer and tube-side mass flow rate distribution.
Y,

A general framework ofithe simulation tool'is establishediand a
friendly: GUI with OpenGL display technigue is developed. P

This simulation tool can be applied to study the above-mentioned
effects on CWHE performance and guide for CWHE

v
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Thank you!



