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Features of the Problem

Simplified Geometry
Geometry IS AXisymmetric
Swirl 1s Neglected

2D Modé€

Turbulence: k-¢ Model
Conjugate Heat Transfer
Volumetric Heat Generation



Problem Specification: Geometry
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Problem Specification: Inlet
Conditions

FHow Rate: 600 kg/s

Velocity (U) ~0.934 m/s

( considering uniform profile,
density ~ 10430 kg/m3)

Temperature: 523 K



Problem Specification: Inlet
Conditions

o Turbulent Intensity, | = 10%
e Turbulent Kinetic Energy, k = 1.51°U? ~0.013
* Turbulent Dissipation Rate, ¢ = (C )¥4(k)¥? -~ 0.0027

A
Where C, - 0.09, 1 = 0.09




Boundary Conditions: Velocity

Inlet: U =-0.934 m/s, V=0

Wal: U=0,V=0

Symmetry: a—l; o,V=0

outlet: Y _g. 9V ¢

an an



Boundary Conditions. Pressure

 Outlet: p=0

e All other boundaries: @ =0

an



Boundary Conditions: Turbulence

e Inlet: k=0.013, ¢ = 0.0027

ok de

=—=0
Jn  odn

e All other boundaries:



Boundary Conditions. Thermal

Inlet: T = 523K

Adiabatic Wall: B_T =0

on
T
. —=0
Symmetry o

Outlet: a—T =0

on



o 0ok wbdPE

Steps to be followed

Build Geometry

Mesh Geometry

Specify Properties

Apply Boundary Conditions
Obtain the Solution

View Results



Customizing Heat Deposition Data
from FLUKA

e Obtain Heat Deposition Datafrom FLUKA

e Customizethe Datafor Visualization in
TECPLOT

e Customizethe Datafor ANSY S Simulation



rearr Lauple problen for ety

DATE: 11/ &/ 7, TIME: 12:3L: §
Total muber of particles followed
-2 bimningn.

I coordinate: frow 0.00008400 to 1.3000E401 cm,
I coordinate: frow 10000401 to Z.3000B401 cm,

1 'wndheat

, generalized particle n. 208

1000, for & total weight of L.O00CES03

400 bins | 3.25008-02 cu wide
400 bins | 3.25008-02 cu wide

aris coordinates: X = 0.0000B+00, ¥ = 0.0000B400 cu
Data follow in & matrix Afir,iz), format (1{5x,lp,l0(lx,ell.4))

aceurate deposicion along the tracks requested

0. 00008400
0. 00008400
0. 00008400
0. D000B400
0. 00008400
0. 00008400
0. D000E400
0. 00008400

A AnAATLAN

4.3124F-05
6. 08Z1E-05
8.7458E-05
1.E6E4E-08
Z.3484E-08
4.0047E-08
3.4EZ8E-08
4.8Z06E-08
7.1354F-05
4.7109E-05
1.0783E-04
Z.53538F-05
Z.7470E-08
Z.4605E-08
Z.4145F-08
Z.8Z75E-0E
1.2Z86E-08
1.1€17E-08
5.7875E-07
3.0665E-06

0.00002+00
0.00002+00
0.00002+00
0. 00008400
0.00002+00
0.00002+00
0. 00008400
0.00002+00

f ARRATLAN

4.1343E-05
&.5781E-08
&.1810E-05
6. 0230E-05
4.7856E-08
4.9240E-05
1.EL31E-0E
1.EE30E-05
3.9784E-05
4.131ZE-05
4.9688E-05
0.0000E+00
5. Z683E-08
3.9376E-08
Z.0EZ9E-05
1.EL3ZE-0E
Z.48€8E-05
1.BZ14E-0E
1.0583E-07
3.0771E-06&

0. 00002400
0. 00002400
0. 00002400
0. D000B+00
0. 00002400
0. 00002400
0. D000E+00
0. 00002400

A ANAATLANA

1.7500E-04
1.0771E-04
6. 40%0E-05
4.651EE-05
1.9353E-04
1.0979E-05
4. EDEEE-0E
Z.97E3E-05
4.4350E-05
9. ZB46E-05
5.444EE-05
5.6308E-05
Z.0240E-05
3.3630E-08
2.7049E-05
1.7964E-05
1.ZB9EE-05
7.1E30E-08
0.0000E+00
Z.8885E-06

0.00002400
0.00002400
0.00002400
0. 00002400
0.00002400
0.00002400
0. 00002400
0.00002400

f ANRATLAN

0. 00002400
0. 00002400
0. 00002400
0. D000B+00
0. 00002400
0. 00002400
0. D000E+00
0. 00002400

A ANAATLANA

0.00002400
0.00002400
0.00002400
0. 00002400
0.00002400
0.00002400
0. 00002400
0.00002400

f ANRATLAN

0.00008400
0.00008400
0.00008400
0. 00008400
0.00008400
0.00008400
0. 0000B+00
0.00008400

fi ANAADLANA

L ki

0. 00008400
0. 00008400
0. 00008400
0. 0000E400
0. 00008400
0. 00008400
0. 0000E400
0. 00008400

f ANRATLAN

5.9315E-05
S3.4115E-05
6.4758E-05
5.7037E-0%
.5061E-0F
Z.E938E-05
2. E4E9E-05
Z.0293E-05
4.4Z235E-05
L. 1382E-04
5.0466E-05
4. ZZZEE-05
L. 1284E-04
2.77L0E-0F
2.3929E-05
Z.EZ99E-05
9 EBZIE-0E
7.1181E-0&
0.0000E+00
0.0000E+00

1. 1034E-05
&.1027E-058
7.9055E-058
3.9447E-0F
Z.Z095E-0F
4.717EE-05
L. EZ780E-0E
Z.1297E-05
Z.4405E-05
5.3635E-05
3.5Z64E-05
4.5451E-05
4.15E1E-0F
5.0456E-0F
4.L47EE-05
L. Z706E-05
7.2003E-08
7.0779E-08
0.0000E+00
0.0000E+00

3.4028E-05
Z.335ZE-05
8.59944E-05
6.5139E-0%
6.0402E-0%
Z.7720E-05
Z.E343E-05
4.0E1ZE-05
4.4528E-05
3.9620E-05
3.1127E-05
3.Z50ZE-05
3.4723E-0%
4.2794E-0%
3.067EE-05
8.8021E-07
E.4eEEE-0&
E.3E31E-0&
1.1462E-05
0.0000E+00

3.0433E-05
6. 4463E-05
6. 1860E-05
2.6619E-08
6. 7627E-08
0.0000E+00
2.4707E-05
1.9034E-05
7.9386E-05
5.7864E-05
5.9573E-08
Z.840ZE-05
1.3074E-04
7. 104ZE-08
1.4079E-05
1.EZE4E-0E
1.6340E-05
Z.0738E-05
8.4339E-08
9.9265E-06

9.0781E-05
1.6E86E-05
6. 3513E-05
3.8E18E-05
3.6403E-05
Z.BEE4E-0C
L. 43E9E-08
4.41E4E-08
1.0736E-04
Z.B8659E-05
3.1346E-05
Z.4337E-05
1.4650E-08
Z.01z4E-05
1.1297E-05
0.0000E+00
1.0736E-08
& Z7ESE-08
0.0000E+00
1.6355E-07

0
0
0
0
0
0
0
0

fi

.0000B+00
.0000B+00
.0000B+00
.0000B+H00
.0000B+00
.0000B+00
.0000B+00
.0000B+00

oLnn

Z.0365E-04
1.2883E-05
4.0733E-05
4.6083E-05
Z.5624E-05
Z.70LZE-0E
3. 01Z0E-05
L. 9634E-05
8.05L5E-05
3.1786E-05
Z.1156E-05
4. Z3%6E-05
3.0944E-05
3.2E09E-0F
1.69Z0E-05
1.7718E-0%
Z.9E3EE-05
1. ZEE0E-DE
0.0000E+00
1.1364E-05

0.0000E400
0.0000E400
0.0000E400
0. 0000E400
0.0000E400
0.0000E400
0. 0000E400
0.0000E400

f ANRATLAN

6.4643E-05
7.3044E-058
4.7043E-05
6. 4684E-0F
3.1142E-0F
1.2144E-05
Z.T3ZEE-0E
3. BBZBE-0E
1.8130E-05
3.514ZE-05
3.4545E-05
6.3706E-05
L. 5875E-04
4.0544E-0F
L. 0820E-05
1.37C2E-05
Z.92E3E-08
0.0000E+00
1. 4635E-06
1.8298E-05

Obtain Heat
Deposition Data
from FLUKA



subroutine post( IDATR, 10UT, WIBIN, NZBIN, NEDL, dr, dz }

inplicit double pracision
dinension A

dinension B{L:NEPL)
pi = 4.dD*atan(l.d0)
doi= L, NEEIN
do j = L, NZBIN
Ali,3) = 0.40
enddo
enddo
doj =1, NEPL
Bli) = 0.0
enddo
ETOT = NEBINNZBIN

| ah, 0z )

TEIN,L:NZBIN}

HLEFT = wod(NTOT-1,NEPL) + 1
NLINE = (NTOT - NLEFT)/NEPL + 1

doi=1, L8
read(IDATA, )
enddo

do i =1, NLINE - 1

read(IDATA,*) { Bi3}, § = 1, NEPL |

dok =1, NERL
n = (-1)NERL +k
n? = mod (n-1 NEBIN} + 1
l = in - nZ)/NERIN 4 1
Anzul) = Bk
enddo
enddo
read{IDATA,*) { BU3), § = 1, NLEFT }
4ok =1, BLEIT
n = (NLINE-1)*NEPL + k
n? = mod{n-1 NEBIN) + 1
nl = (n - nz)/WRBTN + 1
Aln2,nl) = Blk)
enddo

fluka data iz in GeV/cnd/proton,

cfac = 1.0elZ
write(IOUT,*)
write [IOUT,*)
write IOUT,*)
sunl = 0.d0
sunz = 0.d0

'TITLE="HGEN"

'WARTABLES="r" "z"

'ZONE I=',NPEIN,

do j = 1, NZBIN
z = {j-0.5)*dz*le-2
do i = 1, NEBIN

r o= {i-

0. 5)*dr*le-Z

output shall be in W/m3/mh

write(IOUT,*) r, =, cfac*iii,3}
suml = suml + r¥cfac*Aii, i)

(0.0} then

iflz ge (0.1) and r 1t {0.13)) sum? =
iflz. gt

rad=dsgrt (r**2+ (z-0_0)**2)

ifirad 1t (0.13))

endif
enddo
enddo

sum?

NZEIN,

ht_tot = Z.d0TpiTsuml*drrdz*l.Oe-4/1.026
ht_win = Z.d0TpiTsumZ*drrdz*l.Oe-4/1.023
write(*,*) sunZ, sunl
"Total Heat Deposited

write(* 100}

"Heat Deposited in Window

=} write(* 100}
100 format (lx,a40, £10.2)
return

end

(im MU/ md)
(in EW/md) =

F=POINT'

sun? + or*cfac*Aii, i)

sumZ b orrcfacthii, i)

= ", ht_tot

Codeto
Rearrange
Datafor
TECPLOT



TITLE="HGEN"

VARTABLES="x"
Z0ME I= 50 J=
O_00l54222395
o_onL5z4222537
O.00374392375
O.01lz&42935357
O.017545933:5
0.02Z14499335
O_0z5324999394
O_0z3z493992393
O_033214222333
O_037042322337
O.040945933]1
O.0443499395
O.045745923259
O0.0525642923235
O_0&5554999237
O_0c044993985
O_ 054342329386
O_0e2z42322335
O.07214995584
O.07&s045935232
O.07334992332F7
0.08334292331
o_o27749398
O_091a49398
0_0255493379
O_02344222773

=

o

400 F=FOIMNT

o_0o0lz74293397
o_0o0lz74293397
O.001374959337

O.001z7499337
O.001z7499337
O.001l374993327
O_.001z374999397
O_.001z374999397
O_.001z374993327
O_.001z374993327
O_.001z7495337

0.001lz274553357

0.001l=z745533357
0.001lz7433337
o_o00lz7499337
o_o00lz7499337
o_o00lz74993337
o_o00lz74993337
O_00l1lz74593357
0.001l=z745533357
0.001l=z745533357
0.001lz7433337

o_001lz749993397
o_001lz749993397

o_o0lz374293397
o_o0lz374293397

0.1032343333
O_.107z4333%
O.111143335%
O_115042397
O.1189455997
O.1lzzg843939397
O.1Ze743337
O.1z20542337
O.1345433397
O_.1lz8443397
O.14z2324323337
O.1l45z24232397
O_.1501455397
O_.15404559397
n 157949995

O.00lz745953937
O.00lz74353237
O.00lz74353237
o.oolz742399397
o_o00lz74933337
o_o00lz74933337
o_00lz7433337
o_00lz7433337
O.00lz745953937
O.00lz74353237
O.00lz74353237
o.oolz742399397
o_o00lz74933337
o_o00lz74933337
n NN1a7499997

0.

0.

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.

lzgdzE9_ 9393
451629 _ 998
2l54585%_ 5933
ZZ32=3=23_3933
Zle0z3_5933
145153 _ 333
lz3389_39393
log4l00.

f4175 9997

Data Arranged

for TECPLOT



Codeto Rearrange Datafor ANSY S

program main
implicit double precision [(a-h,o-z)

dimension A(1:50,1:400)
dimension x(1:50)
dimension v(1:400)

open(l0,file='hgen.dat'  forw='formatcted')

read(10, %)
read(10,*)
read(10, %)

do j = 1, 400
do 1 = 1,50
read(10, %) =x(1i), ¥(3)., &(i,])
enddo
enddo

open(ll,file="'hgen', form="'Lformatted')
d = 0.00
write{ll,1000) d, (x{i), 1 = 1, 50 )
do i = 1, 400
wrice(ll,1000) yii)+ 0.4, | A(j,i)*10.0, 3 = 1, 50 )
enddo
1000 format (lx,f6.4,1x,50£16.4)

close | 10 )
close | 11 )

end
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Data Arranged for ANSY S
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*Data at Particular
°%,Y location



Fluid (LBE) Properties

Density = 10430 kg/m?3
Viscosity = 0.002 Pa-s
Conductivity = 12 W/m.K
Specific Heat = 146.5 Jkg.K



Solid (T91) Properties

e Density = 8230 kg/m?
e Conductivity =27 W/m.K
o Specific Heat = 530 Jkg.K



Further Exercises

Turbulence Model

Mesh Refining — Grid Independence Test
Flow Rate

Geometry

Variation of properties with temperature





