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Descripcion general

 Simulacion de condiciones espaciales

* Temperaturas
* Presion

» Radiacion Solar

PROACTIVE

R&D
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Descripcion general

Camara de
vacio

Sistema de
traslacion

Sistema de
refrigeracion

Ventana de conexion al
acelerador de particulas

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial 5
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Descripcion general
* Alto Vacio (~10e-6 mbar)

* Rango de temperaturas controlable entre
-150y 200 °C

« Sistema de traslacion XY del porta
muestras, con un rango de movimiento
de 200 mm por eje.

El presente trabajo se centra en el estudio

del Rango frio de temperaturas.

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 6
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Fundamento teorico - Transferencia de Calor
* Conveccion - Ley de Newton: W N
: Convection > 4
Q =A-h- (Tw — oo)
» Conduccion - Ley de Fourier:
0°T 0°T 0°*T G _1aT
ax2 "9y 922 k _aot oD

» Radiacion - Ley de Stefan-Boltzmann:

E,(T) = oT*

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 7
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Fundamento teodrico - Dinamica de Fluidos

* Nimero de Reynolds

Laminar Flow

-
Vs-Dh u )
Re = V=— .
% rho >
>
Vs -Velocidad del fluido
Dh - Diametro hidraulico del circuito de refrigeracion Turbulent Flow
. . . sy — \;\C,___C/r
v - Viscosidad cinematica — C$\C» = e
u - Viscosidad dinamica — < déc(,
_ C_ >+ -

rho - Densidad.
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Posibles soluciones - Thermal Links

Ventajas:

Desventajas:

| uma.es

Muy buena conductividad térmica.

Elementos muy flexibles, ideales para integrarlos
junto con el sistema de traslacion. |
El circuito de refrigeracion permanece fijo, con

uniones soldadas entre elementos, ideal para °

entornos de Alto Vacio.

100 -7

Enfriamientos mas lentos.

W
‘J\ -100

z X

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

50

VAL A

AVAV

AV



| uma.e S S\,

=~ )»»»»»muumu«m««m,,;,,

Posibles soluciones - Refrigeracion directa

Ventajas:
 Enfriamientos mas rapidos.

Desventajas:

 Suelen ser mas rigidas que los Thermal Links.
* Mayor niamero de conexiones en el circuito de
refrigeracion, por lo tanto mayor riesgo de fugas y

pérdida de vacio.

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 10
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Geometria - Refrigeracion directa

100
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Interfaz fisica - Thermal Links

4 =% Turbulent Flow, k-2 2 (spf2) r Turbulent FIowSettings
@ Fluid Properties 1

P

> W Initial Values 1 ¥ Physical Model
> Wall 1

P Inlet 1 Compressibility:

b

= Outlet | | Weakly compressible flow v
5 Equation View

4 |8 Heat Transfer in Solids and Fluids (ht)
> M Solid 1 ¥ Turbulence
o .
b D' Fluid 1 Turbulence model type:
P ul Initial Values 1
b e Thermal Insulation 1 |_RANS 7] Inlet Setti
> ms Inflow - Inferior Turbulence model: nlet Settings
> == Inflow - Derecha | ke - Boundary Condition
b == Inflow - lzquierd
.; nriow - fzquierda Wall treatment:
b Inflow 2 | Fully developed flow -
b Outflow 1 | Wall functions v
b s Vessel Heat Flux ¥ Fully Developed Flow
Bug - -
- Equation View o Qe e o
4 -7 Surface-to-Surface Radiation (rad) .
> T Diffuse Surface 1 () Flow rate
o .
I “mw Initial Values 1 () Average pressure

| S Equation View Average velocity:
4 7 Multiphysics I
b =* Nonisothermal Flow 1 (nitf1) -~ AL m
b 1% Heat Transfer with Surface-to-Surface Radiation 1 (htmd?)k Vi 75 /
_in= m/s

Disefio y Optimizacion de una Camara de Simulacion de Atmadsfera Espacial 14
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Vessel Heat Flux Settings

] ]
Interfaz fisica - Thermal Links - =i
. () General inward heat flux
4 =5 Turbulent Flow, k-2 2 (spf2) r ] . ]
> W Fluid Properties 1 |nf|0W|nfe|10rsettlngS (@ Convective heat flux
b W@ Initial Values 1 ¥ Upstream Properties qo=h- (Text - T]
b T Wall 1
. Heat transfer coefficient:
b Inlet 1 Upstream temperature:
b = Outlet 1 T ustr | User defined = | External natural convection
Bug . . . j
=7 Equation View T Fluid K | Vertical wall
4 |8 Heat Transfer in Solids and Fluids (ht) ]
> BB Solid 1 ] Wall height:
! Inflow Derecha Settings L los
[ ul Fluid 1 . :
> U@ Initial Values 1 ¥ Upstream Properties Fluid:
> %m Thermal Insulation 1 Upstream temperature: | Air
b s Inflow - Inferior =
.; T ustr | User defined - Absolute pressure:
I m= Inflow - Derecha
b ms Inflow - lzquierda T_Fluid + T_Lost_Refr K Pa | User defined
b me Inflow 2 1[atm]
> mw Outflow 1 Inflow Izquierda Settings External temperature:
P = Vessel Heat Flux Unst b =
- =
5 Equation View pstream Froperties Text | User defined
4 % syrface-to-Surface Radiation (rad) Upstream temperature: 293.15[K]
o N
P n- DI_TTUSE Surface 1 T ustr | User defined - () Heatrate
b w Initial Values 1 —
%:f Equation View T_Fluid + 2*T_Lost_Refr K o = P_ﬂ
4 % Multiphysics i
[ : Maonisothermal Flow 1 (nitfl)

b 1% Heat Transfer with Surface-to-Surface Radiation 1 (htrad1) k

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial



Interfaz fisica - Thermal Links

4 =% Turbulent Flow, k-2 2 (spf2)

[N

v v w w w wwww v [y

F |

b W® Fluid Properties 1
b W@ Initial Values 1
b T Wall 1
s Inlet 1
I = Qutlet 1
5 Equation View
Heat Transfer in Solids and Fluids (ht)
Solid 1
Fluid 1
Initial Values 1
Thermal Insulation 1
Inflow - Inferiar
Inflow - Derecha
Inflow - lzquierda
Inflow 2
Cutflow 1
m Vessel Heat Flux
5 Equation View
+* Surface-to-Surface Radiation (rad)
> T Diffuse Surface 1
> T Initial Values 1

S Equation View

ILLLLUGEE

4 5 Multiphysics

b =* Nonisothermal Flow 1 (nitf1)

ewes | UIMAALS

» -

r

b 1% Heat Transfer with Surface-to-Surface Radiation 1 (htrad1)

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

\-

Diffuse Surface Settings

¥ Ambient

Ambient temperature
[ ] Define ambient temperature on each side

Ambient temperature;

T amb | User defined

293.15[K]
Ambient emissivity
[ ]| Define ambient emissivity on each side

Ambient emissivity:

| Blackbody

¥ Surface Emissivity

Define surface emissivity on each side

Surface emissivity, upside:

| Boundary material

€y | From material

Surface emissivity, downside:

| Boundary material

&4 | From material

16
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Interfaz fisica - Estimacion de la Radiacion Térmica

4 [ Heat Transfer in Solids (ht)
b W8 Solid 1

b W@ Initial Values 1

b "= Thermal Insulation 1
[ = Temperature 1

b

Thermal Insulation 2

3 Equation View
- Surface-to-Surface Radiation (rad)
b % Diffuse Surface 1
b T Initial Values 1

3+ Equation View
4 7 Multiphysics

b 5% Heat Transfer with Surface-to-Surface Radiation 1 (htrad1)

A -

r

Temperature Settings

¥ Temperature

Temperature:

To | User defined

100[K]

\-

mm

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial

-100

200
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Interfaz fisica - Estimacion de la Radiacion Térmica

4 B Heat Transfer in Solids (At)
b W@ Solid 1
b W Initial Values 1
b " Thermal Insulation 1
[ = Temperature 1
b Thermal Insulation 2
3 Equation View
4 -0~ Syrface-to-Surface Radiation (rad)

b T Diffuse Surface 1
b S Initial Values 1 <

3+ Equation View
4 7 Multiphysics
b 1% Heat Transfer with Surface-to-Surface Radiation 1 (htrad1)

\-

Difuse Surface Settings
¥ Ambient
Ambient temperature

[ ] Define ambient temperature on each side

Ambient temperature:

200

Tamb | User defined

100

293.15[K]
Ambient emissivity
[ ] Define ambient emissivity on each side

Ambient emissivity:

mm 0

| Blackbody

-100

* Surface Emissivity

[] Define surface emissivity on each side

Surface emissivity:

£ | From material

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial
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Interfaz fisica - Refrigeracion directa

UNIVERSIDAD
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4 =% Tyrbulent Flow, k-w (spf)

[N

v v w wwwwww v vy

LILLILLUGW

b W@ Fluid Properties 1

b W@ Initial Values 1

b T Wall 1

P e Inlet 1

b e Outlet 1

S Equation View

Heat Transfer in Solids and Fluids (ht)
@ Solid 1

Fluid 1

Initial Values 1

Thermal Insulation 1
Inflow - Initial Conditions
Inflow - T input

Outflow 1

Resistors - Heat Flux
Radiation - Heat Flux
Thermal Insulation 2

PCB - Heat Flux

55 Equation View

4 ¥ Heat Transfer in Solids 2 (ht2)

b W@ Solid 1

@ Initial Values 1

%= Thermal Insulation 1

m Resistors - Heat Flux

m Radiation - Heat Flux

= Thermal Insulation 2

m Convective Heat Flux - Ref Power 35 mys
m Convective Heat Flux - Ref Power 55 mys
= PCB Heat Flux

55F Equation View

A A~ ~ A~ ~ .~ S~

< Multiphysics

b =* Nonisothermal Flow 1 (nitf1)

| uma.es

Turbulent Flow Settings
¥ Physical Model

Compressibility:

O

| Weakly compressible flow

-
¥ Turbulence
Turbulence model type:
| RANS -
Turbulence model:
| k-w vl
Wall treatment;
| Wall functions vl

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

Wall Settings
¥ Boundary Condition

Wall condition:

| Mo slip

Apply wall roughness

Roughness model:

| Sand roughness

Equivalent sand roughness height:

kseq 0.0015[mm]

Inlet Settings

Boundary Condition

| Fully developed flow

* Fully Developed Flow

(@ Average velocity
) Flow rate

() Average pressure
Average velocity:

Ua\.r Vin

V_in=15-75m/s

m/s

19
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Interfaz fisica - Refrigeracion directa

*

4 7 Turbulent Flow, k-w (spf) stepl o
b W Fluid Properties 1 f Inflow Settings i : : : -
b W Initial Values 1 . ool ]
b e Wall 1 ¥ Upstream Properties osl |
P = Inlet 1 0.7} 1
b s Outlet 1 Upstream temperature: o6l |
5 Equation View T ystr | User defined v| 0.5\ 8
4 &% Heat Transfer in Solids and Fluids (ht) - 041 ]
b M Solid 1 T_in*step1(t[1/h])+T_amb*{1-step1{t[1/h]}) K 0.3 .
b W@ Fluid 1 [] Specify upstream absolute pressure 2': i i
b W@ Initial Values 1 Al |
b s Thermal Insulation 1 —o.‘oz —o.‘01 6 o.|01 o.loz o.loa o.|o4
b = Inflow - Initial Conditions Resistors - Heat Flux Settings
b = Inflow - T input
b e Outflow 1 < * Heat Flux o
b m Resistors - Heat Flux -100100 mm
b e Radiation - Heat Flux () General inward heat flux mm 50 _50
I = Thermal Insulation 2 ) Convective heat flux >
b me PCB - Heat Flux
S Equation View go=h(Text-T)
4 (¥ Heat Transfer in Solids 2 (ht2) "
b B Solid 1 (@ Heatrate
b W@ Initial Values 1 Py
b T Thermal Insulation 1 q0 ="
P mw Resistors - Heat Flux Po P Res*step(t[1/hl) W
I = Radiation - Heat Flux B
I = Thermal Insulation 2
b s Convective Heat Flux - Ref Power 35 mys K
b s Convective Heat Flux - Ref Power 55 mys
I == PCB Heat Flux

55F Equation View
4 . Multiphysics

b =* Nonisothermal Flow 1 (nitf]) Disefo y Optimizacion de una Camara de Simulacion de Atmdsfera Espacial 20



Interfaz fisica - Refrigeracion directa

4 2%
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Turbulent Flow, k-w {spf)
@ Fluid Properties 1

@ Initial Values 1

T Wall 1

= Inlet 1

= Outlet 1

S Equation View

Heat Transfer in Solids and Fluids (ht)
@ Solid 1

@ Fluid 1

W Initial Values 1

Ss Thermal Insulation 1

= Inflow - Initial Conditions
= Inflow - T input

= Outflow 1

= Resistors - Heat Flux

= Radiation - Heat Flux

= Thermal Insulation 2

= PCB - Heat Flux

55 Equation View

Heat Transfer in Solids 2 (ht2)

@ solid 1

@ Initial Values 1

%= Thermal Insulation 1

m Resistors - Heat Flux

m Radiation - Heat Flux

= Thermal Insulation 2

m Convective Heat Flux - Ref Power 35 mys
m Convective Heat Flux - Ref Power 55 mys
= PCB Heat Flux

55F Equation View

Multiphysics

=* Nonisothermal Flow 1 (nitfT)

r

anl(x) (W)

@\\\\\\\\\N\N (I um{/{////,,,/,/,,

ML

Radiation Heat Flux Settings

v Heat Flux

(0 General inward heat flux
() Convective heat flux
qgo=h- (Text - T]

(@ Heatrate

Py
o= —

P (T Yﬁ
X
o anl(T-T_amb) W

anl(x) (W) o

18 T T T

16} R
141 .
12} R
10} .

- o [=2]
T
1

-200 -150 -100 -50 0
x (K)

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

mm

-100100

50

mm
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Interfaz fisica - Refrigeracion directa

4 =% Turbulent Flow, k-w (spf)
b W@ Fluid Properties 1
b W@ Initial Values 1
b G Wall 1
P s Inlet 1
b = Outlet 1
S Equation View
Heat Transfer in Solids and Fluids (ht)
@ Solid 1
Fluid 1
Initial Values 1
Thermal Insulation 1
Inflow - Initial Conditions
Inflow - T input
Outflow 1
Resistors - Heat Flux
Radiation - Heat Flux
Thermal Insulation 2
PCB - Heat Flux
55 Equation View
4 ¥ Heat Transfer in Solids 2 (ht2)
b W@ Solid 1
@ Initial Values 1
%= Thermal Insulation 1
m Resistors - Heat Flux
m Radiation - Heat Flux
= Thermal Insulation 2
= Convective Heat Flux - Ref Power 35 mys
= Convective Heat Flux - Ref Power 55 mys
= PCB Heat Flux
55F Equation View
4 . Multiphysics
p _* Nonisothermal Flow 1 (initf1)

n
i

v v w wwwwwwwvvily
O g go
B LLEL L ‘.

A A~ ~ A~ ~ .~ S~

ewes | UIMAALS

PCB Heat Flux Settings

* Heat Flux

() General inward heat flux
() Convective heat flux
go=h"(Text-T)

(@ Heatrate

Py
do=—"

Py P_sample*step1(t[1/h])

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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Malla - Thermal Links

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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Malla Normal

Malla Fina
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Malla - Refrigeracion directa

350

300

250

200

150

Temperature (K)

100

50

0.05

EVOLUCION TEMPERATURAS PORTA MUESTRAS vs TAMANO DE MALLA

0.1

0.15

0.2

0.25

0.3

—e—Malla fina (15 m/s)
—e—Malla fina (75 m/s)
Malla normal (15 m/s)

=e=Malla normal (75 m/s)

TR T ST ST, T T N T - BT N T T, S B T N BT S AT T S T B T T T, S T T W T S~ N, - SV BN
Mo T oo Q@o Mo R god e s T B B I O R A I B = B I T I T )
(=] (=] (=] (=] [=] [=) o - i Lol Lol L] Lol - - - i
.
Time (h)

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial
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Estudio - Thermal Links

4 oo Stationary Parametric - Fluid simulation Statlonary Settlngs
. Step 1: Stationary ¥ Physics and Variables Selection
4 [ Splver Configurations
4 Solution 6 (s0(6) [ ] Madify model configuration for study step
L’_t'{f Compile Equations: Stationary L L } . LaS pr0p|edades f|SlcaS del
. Physics interface Solve for Discretization
[ uwww Dependent Variables 1
- L-_‘ Stationary Solver 1 Turbulent Flow, k-g 2 (spf2) v Physics settings - .y 2 .
® oy | | Nitrogeno se consideran
Heat Transfer in Solids and F... ] | Physics settings "I
é Advanced

b % Segregated 1 Surface-to-Surface Radiatio... ] | Physics settings v| NO DEPEND'ENTES de la

[ E AMG, fluid flow variables (spf2) ™

b [\ AMG, turbulence variables (spf2) Multiphysics couplings Solve for tem eratu ra
Direct, fluid flow variables (spf2) Nonisothermal Flow 1 (nitf1) ] p '
Direct, turbulence variables (spf2) Heat Transfer with Surface-to-Surface Radiation 1 (htr... ] ) ;
4 ~co Time dependent - Heat Transfer & Radiation Property Variable Value Unit
. :_, Step 1: Tlml-i Dept_andent ~ Values of Dependent Variables Density rho 34 kg/m?
b Iver Configurations Dynamic viscosity mu 696e-6  Pas
p - .- .
fed i’i’"u’flﬂﬂ 1_? t'50”7)_ _ Initial values of variables solved for Thermal conductivity kiso: kii.. 00098  W/(m-K)
sty Compile Eguations: Time Dependent - : B
b uww Dependent Variables 1 Settings: | Physics controlled v| Heat capacity at constant pressure Cp 1040 1/ kgl
4 s Time-Dependent Solver 1 Values of variables not solved for Ratio of specific heats gamma 147 1
S Eg\?;ced Settings: | Physics controlled vl
[ E Segregated 1 Store fields in output
[ E AMG, Heat Transfer Variables Settings: I Al vI

Direct, Heat Transfer Variables
[ GMG, Heat Transfer Variables ht (htrad1)
[ GMG, Heat Transfer Variables

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 26



Estudio - Thermal Links

4 oo Stationary Parametric - Fluid simulation
[~ Step 1: Stationary
4 [ Splver Configurations
4 [+ solution 6 (sol6)
%i‘: Compile Equations: Stationary
[ uwww Dependent Variables 1
4 L‘_; Stationary Solver 1
Direct
é Advanced
[ E Segregated 1
[ E AMG, fluid flow variables (spf2)
[ E AMG, turbulence variables (spf2)
Direct, fluid flow variables (spf2)
Direct, turbulence variables (spf2)
4 oo Time dependent - Heat Transfer & Radiation
I2. Step 1: Time Dependent
4 [ Splver Configurations
4 [+ solution 17 (sol17)
%i‘: Compile Equations: Time Dependent
[» w Dependent Variables 1
4 |/ Time-Dependent Solver 1
Direct
é Advanced
[ E Segregated 1
[ E AMG, Heat Transfer Variables
Direct, Heat Transfer Variables

[ GMG, Heat Transfer Variables ht (htrad1)

[ GMG, Heat Transfer Variables

ewes | UIMAALS

Time dependent Settings

~ Physics and Variables Selection

Modify model configuration for study step

= Global Definitions
4 B Component 1 (comp1)
= Definitions
4 =¥ Turbulent Flow, k-z 2 (spf2)
W Fluid Properties 1
W Initial Values 1
T Wall 1
m Inlet 1
= Outlet 1
4 |y Heat Transfer in Solids and Fluids (ht)
@ Solid 1
W Fluid 1
W Initial Values 1
"= Thermal Insulation 1
= Inflow - Inferior
m Inflow - Derecha
= Inflow - Izquierda
¥ Inflow 2
= Outflow 1
= Vessel Heat Flux
*% Surface-to-Surface Radiation (rad)
%= Diffuse Surface 1
"= Initial Values 1
4 = Multiphysics Couplings
=& Nonisothermal Flow 1 (nitf1)

(% Heat Transfer with Surface-to-Surface Radiation 1 (htrad1)

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

¥ Values of Dependent Variables

Initial values of variables solved for

Settings: | Physics controlled

Values of variables not solved for
Settings: | User controlled v|
Method: | Solution +]
Study: | Stationary Parametric - Fluid simulation, Stationary vl 3
Selection; | Automatic v|
Store fields in output
Settings: | All v|

27
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Estudio - Refrigeracion Directa

4 ot Parametric (V_in; P_Res = 0 W ; T_in = 100 K; P_sample = 15W)
¢ Parametric Sweep
. Step 1: Turbulent Flow Initial Conditions
. Step 2: Time Dependent
4 M- Solver Configurations
4 [-d solution 1 (sol1)
E Compile Equations: Turbulent Flow Initial Conditions
[» www Dependent Variables 1
- Lr_; Stationary Solver 1
Direct
ll, Advanced
[ E Segregated 1
[ N AMG, fluid flow variables
Direct, Heat Transfer Variables
Direct, turbulence variables (spf)
Direct, fluid flow variables
[ AMG, Heat Transfer Variables ht (nitf1)
[ GMG, Heat Transfer Variables ht (nitf1)
[ AMG, turbulence variables (spf)
Solution Store 1 (so0l2)
ﬁ‘: Compile Equations: Time Dependent
[» uww Dependent Variables 2
4 Ek Time-Dependent Solver 1
Direct
ll, Advanced
p E Segregated 1
[ E AMG, fluid flow variables
Direct, Heat Transfer Variables
Direct, turbulence variables (spf)
Direct, fluid flow variables
[ AMG, Heat Transfer Variables ht (nitf1)
[ GMG, Heat Transfer Variables ht (nitf1)
[ AMG, turbulence variables (spf)
4 .* Parametric Solutions 1 (s0(3)
V_in=35, T_in=100, P_Res=0, P_sample=15 (s0l4)
W_in=55, T_in=100, P_Res=0, P_sample=15 (sol5)
b 5] Job Configurations

| uma.es

Stationary Settings

¥ Physics and Variables Selection

Modify model configuration for study step

! Global Definitions
Component 1 (comp1)
= Definitions
“= Turbulent Flow, k-w (spf)
® Fluid Properties 1
W Initial Values 1
T Wall 1
= [nlet 1
m Outlet 1
4 \yz Heat Transfer in Solids and Fluids (ht)
i@ solid 1
Fluid 1
Initial Values 1
Thermal Insulation 1
Inflow - Initial Conditions
Inflow - T input
Outflow 1
Resistors - Heat Flux
Radiation - Heat Flux
m Thermal Insulation 2
* PCB - Heat Flux
Heat Transfer in Solids 2 (ht2)
Solid 1
Initial Values 1
Thermal Insulation 1
Resistors - Heat Flux
Radiation - Heat Flux
Thermal Insulation 2
Convective Heat Flux - Ref Power 35 m/s
Convective Heat Flux - Ref Power 55 m/s
PCB Heat Flux
Itiphysics Couplings
Nonisothermal Flow 1 (nitf1)

S
]

=

AU

» 1

4 "

ZELLLLLree

| #

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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&S W =

Las propiedades fisicas del
Nitrogeno se consideran

DEPENDIENTES de |Ia

temperatura.
Dynamic viscosity mu eta(T)
Ratio of specific heats gamma | 1.4
Heat capacity at constant pressure |Cp Cp(T)
Density rho rho(pAT)
Thermal conductivity k_iso ;.. | KT

Pas

1
J/(kg-K)
kg/m?
W/(m-K)
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Time Dependent Settings

EStu d io = Refri ge ra Ci 6 n D i recta ~ Physics and Variables Selection

Modify model configuration for study step
4 ot Parametric (V_in; P_Res = 0 W ; T_in = 100 K; P_sample = 15W)

{2 Parametric Sweep
Step 1: Turbulent Flow Initial Conditions
i Step 2: Time Dependent

! Global Definitions
Component 1 (comp1)
= Definitions

-
i
[ %

= [\

A Z‘\_” =
4 M- Solver Configurations @ grt;TI?;tPFlow’r: v 1(spf)
< won G 3 o
%i‘: Compile Equations: Turbulent Flow Initial Conditions o Wall 1
[» www Dependent Variables 1 - | |at1
- ] = Inle i
4 [7 Stationary Solver 1 = Outlet 1 ¥ Values of Dependent Variables
Direct
4 |yg Heat Transfer in Solids and Fluids (ht) o i
>, Advanced 28 Solid 1 Initial values of variables solved for
[ E Segregated 1 o8 Fluid 1 i
b [N AMG, fluid flow variables 28 initial Valucs 1 Settings: | User controlled v]
Direct, Heat Transfer Variables o . .
9 o ’ = Thermal Insulation 1 Method: | Solution v|
Direct, turbulence variables (spf) * |nflow - Initial Conditions
Direct, fluid flow variables o = Inflow - T input Study: | Parametric (V_in; P_Res = 0W; T_in = 100 K; P_si |
[ AMG, Heat Transfer Variables ht (nitf1) = Outflow 1
b GMG, Heat Transfer Variables ht (nitf1) w Resistors - Heat Flux Solution: | Current vl
p AMG, turbulence variables (spf) = Radiation - Heat Flux
;@ Solution Store 1 (s0(2) = Thermal Insulation 2 Use: | Current vl
a._f;‘: Compile Equations: Time Dependent = PCB - Heat Flux
b wv Dependent Variables 2 4 (¥ Heat Transfer in Solids 2 (ht2) Time (h): | Automatic -]
- ]ﬁ} Time-Dependent Solver 1 ) B Solid 1 .
Direct s ol Values of variables not solved for
W@ Initial Values 1 -
>, Advanced S Thermal Insulation 1 Settings: | Physics controlled vl
> E Segregated 1 = Resistors - Heat Flux ! .
b [N AMG, fluid flow variables ® Radiation - Heat Flux Store fields in output
D?rect, Heat Transfer\_a’ariables = Thermal Insulation 2 Settings: | All v|
Direct, turbulence variables (spf) m Convective Heat Flux - Ref Power 35 m/s
Direct, fluid flow variables = Convective Heat Flux - Ref Power 55 m/s
4 AMG, Heat Transfer Variables ht (nitf1) = PCB Heat Flux
b GMG, Heat Transfer Variables ht (nitf1) 4 %, Multiphysics Couplings
[ AMG, turbulence variables (spf) ) _5 Nonisothermal Flow 1 (nitf1)
4 .* Parametric Solutions 1 (s0(3)
@ V_in=35, T_in=100, P_Res=0, P_sample=15 (s0l4)
(2] V.in=55, T_in=100, P_Res=0, P_sample=15 (sol5) Disefio y Optimizacion de una Camara de Simulacién de Atmésfera Espacial 29
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Resultados - Estimacion radiacion térmica

Surface: Temperature (degC) o Surface Integration
= Evaluate =
[ ] Label: Radiative Power Sample Holder E
1° ¥ Data
1-20 Dataset: | Study 1/Solution 1 (sol1) -| [
4 a0 Selection
60 Selection: | Manual vl
19 % 4+ Radiative heat flux (W)
~ w
0 % 5 = 13950 |
21 U
-100 22 o
72
-120 77 v
H v E -
ST v Expressions + =
» - - - -
160 Expression Unit Description
rad.rflux W Radiative heat flux

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial
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Resultados - Thermal Links

Time=0.5 h

100

-100

Surface: Conductive heat flux magnitude (W/m®) o

-100

mirm

100

Evolucidn Temperaturas o
T T T T T
l\". ——— Temperature (K), Porta Muestras - 75 m/s - 5 mm
280 \ Temperature (K), Blogque Frie - 75 m/s - 5 mm 1
260k | | i
1
\
240F | .
220 _
e
3 200+ Y 7
o h
&
-1 !
E 180 7
- \
\
160 e 7
\\
140 \ 4
\\'\\H.
120 - T— — i
150 100 - i
250 L. . : : : :
0 0.5 1 1.5 2

Time (h)
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Time=2 h

Resultados - Thermal Links

Surface: Temperature (K)

o Time=2 h Surface: Temperature (K}
4280 4 280
L
- 260 260
100
200 - 1240 240
; F 4220 220
/ 0

ll' r 200 mm L 4 200

0 " | 180
', 180
L -100
!
i
\ 160 160
\_\_ 140

200 /}\, '
120
Y
/1\‘-200 0 100
7 X

140

AX
200

120
Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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Resultados - Refrigeracion directa

V_in=75, T_in=100, P_Res=0 Time=2 h Surface: Temperature (K} o Evolucién de temperatura centro Porta Muestras
F00FT T T T
] — V_in=15, T_in=100, Probe variable ppbl (K)
280k —— V_in=35, T_in=100, Probe variable ppbl (K)
105 —— V_in=55, T_in=100, Probe variable ppbl (K)
100 260k —— V_in=75, T_in=100, Probe variable ppbl (K)
e i
P N, 50 mm
I et N L J 104 240
= J_:-_ -_-_,l-:—'d-d_ :".'..'. u
e I
{ . 50 g 220
L= | o
\ F4103 2
N, £ 2001
) a
§
bt = 180
102
160+
140+
101
120 — e
¥ e
I% 100 | i 1 1
] 0.5 1 1.5
z Tiempo (h)

Diseio y Optimizacion de una Camara de Simulacién de Atmdsfera Espacial



Temperatura (K)

300
290
280
270
260
250
240
230
220
210
200
190
180
170
160
150
140
130
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Temperatura Centro Porta Muestras

410
160W | S

160W |

—— V. in=15, T _in=100, P res
—— V_in=35, T_in=100, P_res

400

—— V_in=55, T_in=100, P_res = 160W | 390
—— V_in=75, T_in=100, P_res = 160W

- 380

7 370
360
350
340
330

Temperatura (K)

7 320
I 310
300
290
280

—— e 270

Tiempo (h)

-100100

mm

50 50

. )
A

100

Temperatura Centro Porta Muestras

—— V. in=5, T_in=100, P_res = 160W
—— V_in=8, T_in=100, P_res = 160W
—— V. in=11, T_in=100, P_res = 160W

0.5 1 1.5 2
Tiempo (h)
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VAVAY
4

AVAS

AVLw

Eleccion en base a los resultados
» Alavista de los resultados obtenidos queda descartada la opcion de utilizar Thermal Links
debido a los altos tiempos de enfriamiento obtenidos, lo que supondrian gastos masicos de

Nitrogeno mas elevados.

« Sedecide, por lo tanto, integrar el circuito de refrigeracion en el porta muestras. Con los

siguientes puntos a resolver:

 Encontrar tuberias metalicas lo suficientemente flexibles para integrarlas junto al sistema de traslacion.

 Minimizar el nGmero de conexiones en el circuito de refrigeracion.

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 35
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VAAV
4

Modelo simplificado

Una vez seleccionado el método de enfriamiento del Porta Muestras se pretende
encontrar una simplificacion del modelo que, obteniéndose los resultados mas aproximados
posibles al modelo completo, permita realizar simulaciones en un tiempo considerablemente
inferior.

Para ello, se pretende sustituir la simulacion del fluido turbulento por una condicion de
contorno en la que simplemente se indique la potencia de refrigeracion en funcion de la

diferencia de temperatura entre la entraday la salida del circuito.

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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VAVAY
4

AVAY,

AVLw

Modelo simplificado
La grafica de potencia de refrigeracion con respecto a la temperatura se obtiene a
partir de los resultados de temperatura del fluido a la salida del circuito de refrigeracion

obtenidos en el modelo completo.

k
P[W] =m [?g] - (Toyr = Tin)IK] - Gy [kg]—K]

o] s -w 5o

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial 37
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Modelo simplificado

VAAV

Una vez obtenida la funcion P(Tout-Tin), se introduce en COMSOL como una funcion de

interpolacion.

Ref P_35(t) (W)

Ref P 35(t) (W)
w
=]
=

1 1 1
] 50 100
t (K}

1
150

1
200

Ref P_55(1) (W)

10001
900}
BOO -
700 -
600 |-
500 |-
400
300 |-
200

100+

o0k

Ref_P_S5(t} (W)

1 1
50 100
t (K}

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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Modelo simplificado

VAAV

Utilizando la interfaz fisica “Heat Transfer in Solids”, se introducen estas funciones

como condiciones de contorno “Heat Flux”.

4 | Heat Transfer in Solids 2 (ht2)
t,

[
V¥

3

@ Solid 1
W Initial Values 1

D N
> = Thermal Insulation 1

P
[ mw Resistors - Heat Flux
r\
P
b
p

= Radiation - Heat Flux

= PCB Heat Flux

¥ Heat Flux

() General inward heat flux
() Convective heat flux

qo=h"(Text - T2)

> ww Thermal Insulation 2 @ Heatrate
> m Convective Heat Flux - Ref Power 35 m/s Py
- m Convective Heat Flux - Ref Power 55 m/s do= ?

Py -Ref P_35(T2-T in)

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial
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VAL A

AVAV

Los resultados obtenidos se ajustan con bastante exactitud a la solucion obtenida con

el modelo completo.

Evolucién Temperaturas Centro Porta Muestras

300 = T

290
280} |
270
260
250
240
230
220
210
200
190 \
180 \
170 \
160
150
140
130
120
110

T T T T T T T T T T T

Temperatura (K)

T T 1
-

V4
/

—— V_in=35, Madelo Simplificado

—— W_in=35, Modelo Completo

Temperatura (K)

=]
o
]

Tiempo (h)

300

280

260

240

220

200

180

Evolucion Temperaturas Centro Porta Muestras o

| —— V_in=55, Modelo Simplificado

—— W _in=55, Modelo Completo

W
160 - \

140 \

120

100

Tiempo (h)
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Aplicacion

Permite realizar simulaciones rapidas de curvas de
enfriamiento y calculos de gasto masico de Nitrogeno
en funcion de las caracteristicas de la PCB a testear.
Como parametros de entrada estan las dimensiones
de la PCB, la potencia calorifica generada por sus
componentes y la velocidad de entrada de fluido.
Como datos de salida se tienen las graficas de
distribucion de temperatura y curvas de enfriamiento,
y los datos calculados de Caudal, Tiempo de

enfriamiento y Gasto masico de nitrogeno.

Geometria y Posicionamiento PCB

Ancho PCB: 100
Largo PCB: 100
Posicién X Centro PCB: 0
Posicion Y Centro PCB: 0

mm

mm

mm

mm

Potencia sectores PCB [W]

o] @ o]
0 0 0

(9] Qa6 Qr
0 10 10

9 Q1o an
0 10 10

Q13 Q14 Qis
0 0 0

Velocidad de entrada de Nitrogeno

35m/fs
~ Resultados
Consigna [K] 120
Caudal [I/s] 0.875
Tiempo de enfriamiento [h] 1.194
Gasto masico [Kg] 1279

Disefio y Optimizacion de una Camara de Simulacion de Atmésfera Espacial

Q4
0

Q16
0

Untitled. mph - SAMPLE HOLDER DIRECT REF UMA V18

Geometria | Malla | Evolucion Temperatura
b, L= e

Surface: Tel

Qa @~ v

Time=2h

VAAV

Temperatura
c- @oEDO a&
mperature (K)
W
. -104
Y -1
Y
3 " 10
-100

AVAV

119

118

117

116

Abou

VA
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Software Cientifico

W8 COMSOL

Master Propio Universitario en Simulacion Numérica en Ciencia e Ingenieria con COMSOL Multiphysics
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