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Fig. 7. Temperature distribution on the channel outer sur-
face under different mesh sizes.
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Fig. 10. Temperature distribution on channel outer surface under different velocities.
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Fig. 11. Temperature distribution on fluid-solid interface under different velocities.
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K 14 AEFE#ETHEE K (a) v=0.002 m/s; (b) v= 0.005m/s; (c) v=0.01 m/s; (d) v= 0.5 m/s
Fig. 14. Contours under different velocities: (a) v = 0.002 m/s; (b) v = 0.005 m/s; (¢) v = 0.01 m/s; (d) v = 0.5 m/s.
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Fig. 15. Temperature variation curve on the outer surface of

upper structure under different velocities.
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Fig. 16. Temperature variation curve on the lower surface

of fluid domain of the oblique channel under different velo-

cities.
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TR Y 2 07 A fb i £k, Horp Interface
45 FORTIRIN 4 5 5 9 B, HoAh 2.

ML 17 AT LA Y ¥ 5058 B B R 5%
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AT (AR 5 R TR LA R B 2250, X 156 RH
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T 28300 T FH S S 2B A ) F AL

B ARSI AL R A

Table 1.  Material parameters and boundary condi-

tions of each computational domain.

.Ql .QQ 93 04 95 96 Q7

X 100 0.6 200 0.6 200 0.6 10
T, — 300 — 50 — 300 —
v — 0.1 — 0.5 — 1.0 —

[ - S—— ’ E—— " T

T/K 320 348 376 404 432 460 488500

—

K17 HREAINEER N RERE R K
Fig. 17. Contours of computed temperature over the chan-

nel cooling system.
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z/m
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Fig. 18. Variation curve of the computed temperature on
the upper and lower surfaces as well as on the interfaces of

the cooling system.
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19 & SHREE M = AR A AR ROT 5 AR

Fig. 19. Dimensions and B.C. of a 3D cooling structure with

three channels.

* 2 SRS R SR R
Table 2. Material parameters and boundary conditions

of each computational domain.
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25 A gish, A0 21 A, BET HOA
¥ 1.5, 18 21 R R R O A, AT
e U PP ot T TRE R TS e Sl
AR AR BE A IE AL

20 A TG B A R AR O R A

Fig. 20. Mesh connected by line sets of all collocation points.

P21 BT Ao TC B A AR AR PR SR R
Fig. 21. Mesh connected by line sets on the transverse sec-

tion and a locally refined part around a corner.
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3 SRR RS TR ] He

Table 3. Comparison of total number of nodes and computational time for three methods.
FLM FLM _fine FLUENT FLUENT _ fine COMSOL
FSSEPE ¢ 172789 582799 599519 4298589 570751
AT /s 38 135 115 910 585

A, IR A B B R R AR S R ) or
AR BOHZEBORITEL. 3R 3 W LUE Y, 7E RS8N 120}
R FLM 05 A0 S e b, 1 E ] s > wol
COMSOL JHfIF 152, 1M1 FLAE U A 1Ak 32 S oEM
A A 7 R I 4 AT B 22 ), RasE e T —+— COMSOL
2, BB RAT WLE TERE PR L L AR e 300 g7 T RLUBNT fne
TERY[E A 55 55 20 e4h, FLM 5 FLUENT HIM . Bgo o

AR PR AR S A S SRR — A, U AR RY
FRRETE.

T/K 300 340 380 420 460 500 540 580 620

22 RMALE R L iR S
Fig. 22. Contour plot of computed temperature over the en-

tire structure.
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Fig. 23. Contour plot of computed temperature over the

vertical middle plan.

460
450 +
440 |
v I
= 430f —+— FLM
- —+ FLUENT
420 + —e— COMSOL
[ —e— FLM fine
410 - FLUENT fine
400 ...................
0 0.006 0.012 0.018 0.024  0.030

z/m

B 24 U 22 TR LB Ly b IR EE A
Fig. 24. Computed temperature along line L; marked in
Fig.22.
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Fig. 25. Computed temperature along line Lo marked in
Fig.22.
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Finite line method and its application in coupled heat transfer
between fluid-solid domains
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Dalian University of Technology, Dalian 116024, China)

( Received 27 April 2022; revised manuscript received 8 May 2022 )

Abstract

In this paper, a completely new numerical method, called finite line method, is proposed and is used to
solve fluid-solid coupled heat transfer problems. The extensively used finite element method is a method based
on volume discretization; the finite volume method is a method operated on the surface of the control volume;
the boundary element method is the one based on boundary surface discretization; the meshless method is the
one constructing the computational algorithm using surrounding scatter points at a collocation point. The
method proposed in the work is based on the use of finite number of lines, in which an arbitrarily high-order
computational scheme can be established by using only two or three straight or curved lines at each point. The
creative idea of the method is that by using a directional derivative technique along a line, high-order two- and
three-dimensional spatial partial derivatives with respective to the global coordinates can be derived from the
Lagrange polynomial interpolation formulation, based on which the discretized system of equations can be
directly formed by the problem-governing partial differential equation and relevant boundary conditions. The
proposed finite line method is very simple in theory and robust in universality, by using which the boundary
value problems of partial differential equations in solid and fluid mechanics problems can be solved in a unified
way. In solving fluid mechanics problems, the diffusion term is simulated by using the central line set to
maintain a high efficiency, and the convection term is computed by using an upwind line set to embody its
directional characteristic. A few of numerical examples will be given in this paper for fluid-solid coupled heat

transfer problems for verifying the correctness and efficiency of the proposed method.
Keywords: finite line method, collocation method, meshless method, finite difference method
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