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Thermo-fluid dynamic model

Walls functions The fluid finite element mesh is
located at a wall distance A

wall
The friction velocity u* * u
is calculated solving V’i = 1'!’] yu L >11.63
the nonlinear equation u K 1)) M
The following boundary
Boundary Iayer conditions are applied in 9
__ the corresponding fluid * u *3
Solid node. 7,=pu” k=" -1
C,U K y
Boundary layer temperature profile
Pryv* t o yf Knowing the solid wall temperature T,
Tt :{ eyl . y+ y?% a heat flow is applied
a[rlny +PT] Yy >y,
oCpu.
0 Q — h(Ts _Tf ) h= +
+ P yU* 1 o+ O 0+ T
yr =2 P, =—|Pry, ——Inyg
Y7, o K
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Thermo-fluid dynamic model

Solid thermal model

psts(%—i_vs 'VTsj_V‘ [ﬂ% VTS]+QS =0

L 9%

The term A:CP V-VTs 3llows modeling a moving solid seen from an
eulerian point of view as to be rotating cylinders or plates moving in the
direction of its axis.
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Thermo-fluid dynamic model

Coupling between fluid and solid model

A connection between the solid and the fluid exists due
to the tensions in the solid - fluid interface. These V. —V 1 (yu* E}

tensions are modeled through the wall functions, which  p—g X S —"1n
were modified to consider the velocity of the moving u K
solid contour, which is always tangent to the fluid - solid
interface

A thermal connection between the fluid and the solid Q, = h(T T )
exists due to the heat exchange between both domains f s f
through the fluid - solid interface. This heat exchange is —-
modeled by means of a Newton cooling law. QS = —Q]c =h (Tf —TS)
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Thermo-fluid dynamic model

Coupling scheme between different domains

For each contour node of the fluid mesh is necessary to know the solid contour velocity
value in that point.

» a superficial element is taken from the
solid domain and the distance between
the fluid node and the plane that contain
the superficial element is calculated.

dist = (X; —Xx;)en

mesh

» If the dist value is negative or is not equal to A the element selected is

rejected and another element is analyzed.

wall»

» If the dist value is equal to 4,,,, the intersection point x; is obtained X; =X —dist-n

wall»
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Thermo-fluid dynamic model

Coupling scheme between different domains

The natural coordinates (r;,s;) are calculated, using the intersection point position xi and
the four nodes coordinates x,,... X,, solving the nonlinear equation system

X

X4
h(r,s;)... h,(r,s;) 0 0 Y, Xi
0 h(nisi)"'hzt(riisi) 0 =Y
0 0 h(r,s)... h,(r,s;) Y, Z;

H Z_l

If r; and s; values are between [-1,1] the projection point is the correct. In the opposite
case, the element selected is rejected and another surface element is analyzed.

It is possible to obtain for each fluid contour node the corresponding solid velocity v,
according to ~ f
H(r,s) V{ =V,
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Thermo-fluid dynamic model

Coupling scheme between different domains

The heat exchange term is discretized by finite element method

f
T —
S

|

Q, {thTH dQe]

{hJ‘HTH dQe]-?f
QE

Solid temperature evaluated at the fluid contours nodes

There are two
possible solving
schemes for
the solid - fluid
thermal
coupling
Simultaneous —<

g—
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/' Segregater: iterative process
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Qi = pf[JHH a2 |Aes,s) -T2 - pl[[HTH 00 |7
Q:= plffrr a0 A s)- 5 - piffrH e ]
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Numerical model s

Solve fluid

wall functions

dynamic

—

N

v

turbulen

Obtain fluid velocity and

ce variables

L

y

Solve flui

d dynamic

wall functions

simultaneous

v

Check co

velocity and
emperatures

nvergence

finalize
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Obtain Ts

convergence
f and T

yes
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Thermo - fluid dynamic model

Model verification

The mapping algorithm was tested

1.2
1 4
0.8 1
— 0617
The scalar distribution is applied to 0.4 ¢
the internal contour of the external
. . 0.2 1
ring, taking the form
0
A=sen’(6) 0 20

——analtico O mapeado
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Thermo - fluid dynamic model

Model verification
The solid energy equation convective term was tested

Tch/Tf

2
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17778
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- 13333
1.2222
11111
1

For the fluid domain the velocity was fixed
to zero and the temperature to T;. On the
solid domain, the velocity was fixed to v, and
the inlet temperature was fixed to T,'.
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Analytical results
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