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Abstract

This article presents thidewTher nal library that 1 Introduction

extends the capacities dher mal library from the In a general view, any heat transfer phenomena can
Modelica Standard Library (MSL) including a pro; gent EW, any ne P _
- : be described with three different aspects:
posal for standardizing the uselMt eri al mod-
els. The new library is intended to decouple the |
models that collect the equations of heat transfer
phenomena from the thermo-physical properties of
the matters (fluids and solids).

TheNewTher mal library, in the same way that the o . , : .
. . ena: dimensions of the bodies, relative posi-

currentTher mal library from MSL, is composed of tion between bodies and/or fluids.

thermal system components to model heat transfer ) ) ]

and simple thermo-fluid pipe flow. Nevertheless th *  Properties of the substances involved, fluids

models from the package proposed inherit the ther- and solids.

mal properties fronMedi a andMat eri al models

of the fluids and solids involved (either temperatuOn one hand, in the modelling of any detailed ther-

dependent or constant). In this way, the user tagl behaviour, the thermal properties of the solids

three aspects to define; the heat transfer phermmand fluids involved (density, thermal conductivity,

to be modelled, the geometrical characteristicthef specific heat,...) acquire a relevant importance and

bodies, and the matters involved. in many cases it is essential to take into acctheit

Components insidédeat Tr ansf er package are dependence on the temperature. .
implemented such they can be used for any matef the other hand, the geometry of real bodies usu-
model inMateri al s package, in the same waylly can be constructed by the addition of basic ge
that components from\vbdel i ca. Fl ui d were ometries, that is, from a macroscopic point of view

carried out for their use with media models froimost all bodies can be discretized in parallelepi
Mbdel i ca. Medi a. pedic, cylindrical and annular nodes (lumped ele-

ments) or a combination of them.
nsidering this ideas and following the philosophy

Heat transfer mechanism: conduction, con-
vection or radiation or a combination of
them.

Geometrical characteristics of the phenom-

The NewTher mal library, in addition, provides

some general base models for the modeliing of of replaceable media models in fluid models from
and 3D heat conduction in basic solid geometries. MSL[1][2], IK4-TEKNIKER has created the librar-

Two examples of use for different domains are prgs NewTher mal andMat eri al s. This first ver-
sented to illustrate the features of the new libgar ;5 provides mainly models for the modelling of

conductive heat transfer. But there are descrilbsm a
Keywords. Modelica; heat transfer; thermal proper- some guidelines to extend the library to other
ties; thermal conduction, three dimensional heat mechanisms such as convective and radiative heat
flow transfer modelling.

The goal of theNewTher mal library is to provide
standard components for heat transfer modelling de-
pendent on geometry but independent of material
properties.

DOI Proceedings of the 10" International ModelicaConference 1189
10.3384/ECP140961189 March 10-12, 2014, Lund, Sweden



Proposal for standardization of Heat Transfer Modelling in NewThermal Library

2 WMaterialsLibrary In this case, the external radius and the heighhef
cylinder are parameters and the specific heat eapac

It is defined as the library of solid material peoky ity, density as well as conductivity. of the matkria

models. The models fromht eri al s Library are extends from the replaceable material model.

based on thegarti al Materi al partial model.

This partial model has declared, as replaceable m@airrentparti al Mat eri al model includes only

els, all models required in the modelling of anpthereplaceable models for the modelling of conductive

conduction phenomenon. In the figure 1 is shown theat transfer but it is possible to extend it ia fb-

replaceable models mentioned above. On one hame adding replaceable models relative to radiativ

there is the inertia model, required if the hegtaca heat transfer.

ity of the material is taken into account, and ba t

other hand the models needed for the modelling of

heat transport inside the material are available T3 NewTher nal Library

latter are chosen depending on the geometries in-

volved, illustrated in the figure 2. 31 General Library Structure
= -p_arﬁaIMateriaI
¥ ConductionBox The NewTher mal library has the same structure as
g---V/fc-:nducﬁant:ylind Ther mal library from MSL, as it is shown in the
-4 ConductionCylindSector figure 4. All new models are built with connections
(0 nerta on existing I nt er f aces package, so they are
i L c ‘ Cal Material d compatible with any model insideMode-
igure 1. Componentsof parti al Mat eri al class li ca. Ther mal .
-8 | k‘Oj! L6A ~[INewThermal
; \ 4 + (gl FluidHeatFlow
Figure 2: Box, cylindrical and cylindrical sector ge-  =l=]NewHeatTransfer
ometries + (k] Examples
- fed Components
) ) ] - g8]HeatCapacitors
model and add in each case the thermal propefties + 4 HeatCapacitor
the substances to be modelled. - Bg] BaseClasses
That is, in the same way that models frivnde- - B8 Conduction

. . . . . --[JBaseGenericGeometries
l'i ca. Fl ui d library with models fromMedi a

library, any thermal model can include a replaceak
instance ofparti al Materi al which allows se-
lecting models fromvat eri al s library choosing
between a large list of materials to inherit thibir-
mal properties, as it is shown in the figure 3.

g8l Tubes3D
B8 Cylinders3D

+ [Bg]Paralelepipeds3D
=B8] ThermalConductors

e

T e ¢4 ThermalConductorConstThermalConductance
e T A ThermalConductorBox
O -$ =424 Thermal ConductorCylind
i i N = [ggJBaseClasses
comment + g Convection
it S8 +-Bg] Radiation
e 5121 e Bugoenitbios # [l Sensors
o i + [=] Sources

________Copper H .
PE-HD, 1t layer of CALPEX (constant properties) + &3] Celsius
PUR, 2nd layer of CALPEX (constant properties)
LLD-HE, 3rd layer of CALPEX (constant properties) . H i
Class O Armaflex insulation - : Fahrenheit

Figure 3: Component for the modelling of the thermal @lRankine

behaviour of a body with cylindrical geometry. *'Mtle?itaﬁgfaces

Figure4: NewTher mal library structure

i
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Most of new models are based on the use of replagé-1

Heat Conduction Base Classes

able material models and for this reason it isreSSqhe base classes of thEher mal Conduct or s

tial to open it together withat eri al s library.
Following sections are focused d¢#eat Capaci -

package are partial models that define the interfac
and the equation of the heat conduction phenomena.

tors and Conduction packages that supporiModels of Ther mal Conduct ors have only ge-

simulation of heat conduction through any solid.

ometry values as parameters, inheriting the vafue o

conductivity from the replaceable material model.
The figure 6 shows the information to be defined by
the user to model heat conduction in box type ge-

3.2 Heat Capaci tor Library ometry

As shown in the library structurdéjeat Capaci -
t or subpackage is included ®onponent s pack-
age. In this subpackage, a collection of generid-mc| comonen feon
els for the heat capacity of a material can be dour| cme ™" t
In these Componentsl nO SpeCIfIC geometry IS E T;TITI NewThermal.NewHeatTransfer.Components.Conduction. ThermalConductors. ThermalConductorBox
sumed beyond a total volume with uniform temperi| =

ture for the entire volume. Furthermore, only on s o
parameter it is required, precisely the volumehaf t | meer ———”
body to be modelled, in such a way that the heat ( &% (oK) Linfo | (Concel]
pacity value is inherited from the replaceable mat s

rial model. The figure 5 shows the information ex

pected from the user when the heat capacitor moc... :

is used. Figure 6: t her mal Conduct or Box model for the

polyurethane
Copper

transport of heat through box geometry in any mate-

rial

) themaConductoror n ModelcsConferanced014

General | Add modifiers

»'m2  Area in contact
length of conduction

PE-HD(constant properties)
PUR(constant properties)
LLD-HE(constant properties)

Class O Armaflex insulation

heatCapacitorin ModelicaConference2014

General | Add modifiers

Component Icon

parti al Ther mal Conduct or  provides the
thermal conduction equatiorQ fl ow = G-dT,
where G is defined as thermal conduc-
tance of material and its calculation depends @n th
geometry through which the heat flows. The patrtial
model extends from existingl enment 1D which
provides two thermal portport _a andport_b
which are common in all components for modelling
heat transfer, such as heat convection or heat-radi
tion.

Ther mal Conduct ors package offers a set of
models which extend fronparti al Ther mal -

. Conduct or partial model adding the equation
The Conduction subpackage fromewHeat - cparacteristic o6 depending on geometry:

Tr ansf er package is composed of two groups o
models. .

In the first one, namedher nal Conductor s, a

Name  heatCapacitor HeatCapactor

Comment Q,
Model

Path NewThermal.NewHeatTransfer.Components.HeatCapacitors.HeatCapacitor
Comment

Parameters
v * m3

material =

AISI 321

AISI 316

polyethylene

polyurethane

Copper

PE-HD(constant properties)

nfo | [Cancel ‘

Figure5: heat Capaci t or class

3.3 Conduction Library

kxA
G = e for a box geometry under the as-
sumption that heat flows along the box

collection of thermal conductor models can be found length.

for 1D conductive heat transport. It contains & ebr P

models for different geometries with the option to « G = — =~ for a cylindrical geometry,
choose the material of the body to be modelled. lOQ(ﬁ)

under the assumption that heat flows from
the inside to the outside radius of the cylin-
der.

The second library, called Ba-

si cGeneri cGeonetries, collects a large list
of models for the simulation of conduction heat
transfer in any 2D or 3D geometry (parallelepipeds,
cylinders, rings or tubes) and again all of themmeha
the option to choose the material to be modelled.
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anglexkxL
—r__~_for a sector for any cyn-
lOg( ext)

. Rint )
drical geometry, under the assumption
heat flows fromthe inside to the outsida-
dius of the cylinder.

L) G:

Rint
Rext

In all the equation& is the thermal conductivity ¢
the material.

3.3.2 Nodes Base Classes for different 2D and 3D

geometries

BaseGeneri cGeonetri es package irConpo-

nent s. Conducti on contains a set of coro-
nents for the modelling of 2D and 3D heat ccc-
tion through bodies with different geometries. T&
models are built on arrays of components fi
Nodes package, a collection of modeof basic
units (lumped elements) for the construction e-
ometries abee mentioned. This approach has b
suggested in previous works such as

Thereby, inNodes package, it can be found annt
nodes, parallelepipeds nodes and cylindrical nc
In the figure 7 thenodel and icon fc parallelepiped
node in 3D are shown.

port_up port_right

condRight

condint

port_ext

condExt port_int
7 1

condLeft

J]

port_down

Figure 7: Basic 3D node class

All these components are composel

* A heat Capaci t or model, fromHeat -
Capaci t or library, for the thermal storage
capacity of the node and it is assumed i-
form temperature in

* Four/six thermal Conduct or models,
from Ther mal Conduct ors library, for
modellingthe transport of heat. Each cou
of t her mal Conduct or models describes
the heat transport along the two/three (n-
sions.

3.4 ConvectionandRadi ati on Libraries

The models fromConvecti on library, with two
heat ports as it is common in all components
modelling heat transfer, are prepared for conng:
one of the heat ports to the solid and the othat
port to the fluid, in such a way that the compor
itself, has as internal vatbles the temperature
solid and fluid and the heat flow rate from/to dt
and fluid. Following the same philosophy used
the creation ofHeat Capacit or and Conduc-
ti on libraries and taking advance of the acces:
fluid and solid temperatures invod, all compo-
nents inConvect i on library have been provide
by a replaceable medium model and correlation:
natural and external forced convection [4][5] (fea
convection problem inside conduits is already s
in Model i ca. Fl ui d). Thereby, the us only has
to provide the geometry information of the bon-
volved in the convective heat transfer and to $:
the media.

Models in Radi ati on library respond to th
Q fl ow=G *si gma*port _a. T*port_b. T
radiation formula, wher& is function of the emit-
tance of material surfaces involved in the ther
radiation and its calculation depen the geometry
and arrangement of surfaces. The emittance r-
faces tends to vary its value with the temperadunc
this effect is more relevaras the temperature in-
creases [6]. The emittance is considered ton-
cluded in material models because it is an intti
property of material surface. Therefore, the sas
in Conducti on library, theRadi ati on package
would offer models for the modelling of therma-
diation depending on the geometry and the aie-
ment of objects involved but independent on ni-
als.
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4 Examples (right side of the figure 8). It is prepared to die
vided intonNodes equally spaced segments along
4.1 Insulated Pipe the flow path, therefore, the same number of lumped

elements are in all matter layers, as much to fluid
Based on thedynami cPi pe class fromMbde- line as to cover layers.
l'i ca. Fl ui d andNewTher mal features, a model The model, in addition, has the option of neglagrtin
of an insulated pipe has been created. Although the axial conductive heat transfer (parallel to the
model has been namdchsul at edPi pe, it de- fluid path) throughout the solid materials of thpep
scribes the hydraulic and thermal behaviour of aiyis assumption is quite reasonable in some cases,
pipe with one or more solid layer(s) assuming dadidepending on the thermal properties of constituent
symmetry in all phenomena. Hence, with this modelaterials, and it can significantly speed up simula
the user can model from a simple copper tube of digns.
home heating system to a more sophisticated plastic

tube with some insulation .Iaye.rs. _ Thei nsul at edPi pe model has been used for the
The cover of the dynamic pipe is compounded @odelling of pre-insulated pipes in a small Didtric

most of five layers of any material froMat eri - Heating system [7] with good results, error of
al s library. The first layer is the closest to theidlu roughly 5%, in comparison with technical report of
that is, the layer with the smallest radius. heat losses provided by the pipe manufacturer.

The user has to indicate how many layers the pipe
has and the thickness of each layer, as well as " ..

layers materials and the internal radius of thetfir _.. =
layer. g 10 /
If the number of layers is less than five, the wser 5 e F T Experimental
disable the layers no required, switching to falee £ © 7 manufacturer
corresponding booleamseLayer . On the left side £ * — Simulation
of the figure 8, it is shown the two systems of th ™ 2 results
InSUIated plpe ’ 30 40 50 60 70 B0 =]

» the hydraulic system defined by tiuby- Water temperature [C]

nani cPi pe model from MSL Figure 9: Experimental data and simulation results for

« the thermal system for the cover of the pipensul at edPi pe model adapted for commercial pipe
defined by the mul tipl eCyl i nder Smulation.
model
The right side of the same figure shows the fiye |
ers of the cover, each one can be disabled ifnbts
required for the modelling of the insulated pipe.

8.2 Heat transfer in 3D cylinder

Based on models from
Tubes3D library a discre-
tized cylinder was built.
The model was used for
simulating laser surface
.,—”.g” hardening process of &
crankshaft. In this case, ¢

3D model was absolutely |

"6" indispensable becaus¢

— there was a relative move- S

Figure 8: i nsul at edPi pe (left) and itsmul ti pl e- Mment between the crank Figure 10: Simplified
oyl i nder 2D base clase (right) shaft and the punctual hee Sketch of the interac-

source (punctual laser). ::Joarll br?tegeegoa?ﬁep“a?d'

Thei nsul at edPi pe model has been built easily” his case, Modelica the crankshaft

with several instances of the 2D tube class frg ode! was espeC|aIIy_ In- :
. , , teresting in order to define and also simulatecthre
BaseGeneri cGeonetri es package inNew

Ther mal . Heat Tr ansf er. Conducti on trol strategy of the process.

port_ext

port_left

port_a
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Before using it for this purpose, 3D tube model w& Conclusions
validated with a FEM model (MSC NASTRAN®).

Both models were discretized in the same way aR@wTher mal together withMat er i al s libraries

exposed to the same external conditions t0 COMPRERe heen created by IK4-TEKNIKER in order to

the evolution of the temperature in some nodes.  gxtend MSL capabilities for heat transfer modelling
The new libraries decouple material properties from

The tube was discretized in: heat transfer phenomena modelling and allow taking

* Number of rings (radial direction): 20
*  Number of sectors: 16
¢ Number of slices (axial direction): 5

The following external conditions were assumed: NewTher mal

into account the influence of temperature on materi
properties such as thermal conductivity, specifiath
capacity, etc.

library provides also basic models to

e Convection in internal and external lateralimulate 2D and 3D heat conduction problems in

surfaces:
0 hipemawall: 10 W/nfK
0 hexernaiwall: 100 W/niK
» Constant temperature in the upper and lo

bodies with simple geometries.

Two practical examples from different application
pmains have been shown to demonstrate the use of

external surfaces: the libraries.
o0 Upper surface: 500 °C
o Lower surface: 100 °C References

e Temperature of nodes at t=0s, 20°C
(1]

The good agreement between stationary simulation
results of both models can be appreciated in tpe fi
ure 11. (2]

The discrepancy on transient behaviour is duefto di
ferent initial conditions in some nodes. All thedes

in the FEM model could not be initialized at 20°C
due principally to the way of imposing external €on (3]
ditions. In this case, the nodes from the uppeesli
and the lower slice were in contact with an imagi-[4]
nary plate at 100°C and 500°C, so that, this nodes
inherited directly the temperature of them at th0. [5
Modelica model, nevertheless, all nodes started the
simulation at 20°C. [6]

800

) —T1modelica
—T2 modelica [7]
T3 modelica

700 -

600 /
500

— T4 modelica

______ —T5 modelica

T[K]
ﬂ\

) T1FEM
w0 T2FEM
200 T3FEM
T4FEM
100
T5 FEM

o 20 40 80 100 120

60
t [s]
Figure 11. Temperatures of five nodes of the FEM and
M odelica models

Modelica Association, (2012). A Unified Ob-
ject-Oriented Language for Physical System
Modeling, Modelica®

Franke R., Casella F, et all. Standardization
of Thermo-Fluid Modeling in Mode-
lica.Fluid. Como, ltaly, 7th Modelica Con-
ference

Tiller M. Introduction to Physical Modeling
with Modelica. Kluwe Academic Publisher

Chapman A., Fundamentals of Heat Transfer.
Macmillan

Incorpera F.P., DeWitt D.P. Fundamentals of
Heat Transfer, John Wiley & Sons Inc

Howell J.R., Siegel R., Pinar Meng(rher-
mal Radiation Heat Transfer. CRC Press
Taylor & Francis Group

ASHRAE Handbook: Heating, Ventilating &
Air-Conditioning Systems; 2008

1194

Proceedings of the 10*" International ModelicaConference
March 10-12, 2014, Lund, Sweden

DOI
10.3384/ECP140961189



