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Heat transfer in OpenSEES

A typical heat transfer problem in structure

Heat loss

Ambient air i

Fire \ .
\



Heat transfer in OpenSEES

Development for Heat Transfer Analysis

Heat transfer model

Fire model

(Gas temperature
or
Incident heat flux

Simple mesh tool

"o,

HT elements Temperature BC Heat flux BC

Convection
Radiation
Prescriibed heat flux




Heat transfer in OpenSEES

Heat transfer
analysis
flowchart

Initialise HeatTransfer . .
e 1 Define HTMaterial =  Create HTEntity
v
Define HTMesh
cour o] Miotm e
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@ HTRefineMesh
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No
HTInitialT No_ /Coupled HTMeshAll
surface?
HTSetT
Define HTConstants HTPattern AmbientBC +—J{  Define FireModel
Facilities (e.g. solver, ‘l
numberer, etc) for|  pegne yranalysis Add HTRecorder €=  HTPattern FireExp
heat transfer analysis
may need to be l
defined, otherwise the
default ones will be HTAnalyze wipeHT

assigned




Heat transfer in OpenSEES

Getting Started!

Heat transfer analyses

N\

* Asteel I-section connected
to a concrete slab section

* Heat loss at the slab top

* Fire beneath the
composite section

0.4m

0.2m

Files in the folder

[ HT_demo.tcl ]

* Download from website
* Place the Tcl script with
OpenSees




0.4m

HT_demao.tcl

f——————————————\

wipe; ! 'Clear the domain |

HeatTransfer 2D;

HTMaterial CarbonSteelEC3 1;

— e m m— — — — — —

—— e e — — — — —

HTMaterial ConcreteeC22;  ~—— 7777777777777 ™

HTEntity Isection 1 0.0 0.2 0.2 0.40 0.02 0.02;
HTEntity Block 2 0.0 045 0.6 0.1;

HTEntity SEntityType SEntityTag Scentre x Scentre y Sdim_ 1
<Sdim_2..Sdim_n>



HTEntity Definition . (2)

hs

1 -
| ! |
Table A.1: Commands for creating a heat transfer ¢ '
. . - . Line
Type HTEntity  Centroid Dimension
1D Line T, l
Block Zey Ye b, d
2D Isection 2 Ys by, hy, tw, ty I ol B |
IsectionPro  z,, Y. by, R, tw, tr,c0 | AR -
Composite A bs, hy, tw, ts, b ...’
i (‘r‘ryf)
Brick Tey Ye bad ) lw
3D Isection3D ZeyYor % Op, By, tuy Uy = { =
Composite3D z, Y, 2. by, hy, by, ty l by |
I-section

face 4

face 1

Composite

ts

hs




HT_demo.tcl

HTMesh 1 1 1 -phaseChange 0 -MeshCtrls 0.01 0.005 0.005 0.014
HTMesh 2 2 1 -phaseChange 1 -MeshCtrls 0.02 0.02

HTRefineMesh -Entity 2 -SeedTag 1 4 -space 0.02 10 0.01 9 0.005 4 0.01 9 0.02 10;

HTMeshAll;

SetInitialT 293.15;

HTNodeSet 1 -Entity 1 -face 12;

—————— e —— — — ——— —,

,————————————————n.

-‘_______________

,_________—.

HTNodeSet 2 -Entity 2 -face 1 -locx -0.1 0.1;

HTCoupleT -NodeSet 1 2;

—_————— e —— . —— —— —

[/Refine mesh to

o | match the

t\interface nodes

0.4m

e |
0.2m

1

L Coupling nodal temperature |



HT_demo.tcl

HTConstants 1 4029315 0.7 5.67e-80:7: @ W g e -~
HECHOHEENIE2 250293 A50.7SBT7E8 07 @ 00000 R i i e o i !

HTPattern AmbientBC 1 {
HeatFluxBC -HTEntity 2 -faceTag 4 -type ConvecAndRad -HTConstants 1;

l
|
i unexposed surface |

)



0.4m

 E— .
0.2m

HT_demo.tcl

FireModel standard 1;

HTNodeSet 3 -Entity 2 -Locx -0.3 -0.1;

HTEleSet 1 -Entity 2 -NodeSet 3 -face 1;

HTNodeSet 4 -Entity 2 -Locx 0.1 0.3;

HTEleSet 2 -Entity 2 -NodeSet 4 -face 1;

HTPattern fire 2 model 1 {

—————————————— ——— —

—_——— e — o — — —

Nodal selection
Element selection

HeatFluxBC -HTEntity 1 -face 145 6 7 8 9 -type ConvecAndRad -HTConstants 2;
HeatFluxBC -HTEleSet 1 -face 1 -type ConvecAndRad -HTConstants 2;
HeatFluxBC -HTEleSet 2 -face 1 -type ConvecAndRad -HTConstants 2;

| Heat flux BC for exposed
surfaces



HT_demo.tcl

HTNodeSet 5 -Entity 1 -face 6;
HTNodeSet 6 -Entity 2 -Locx [expr 0] -Locy [expr -0.05] [expr 0.05];

#Recorder
HTRecorder -file temp0.out -NodeSet 5; e 1
HTRecorder -file temp1.out -NodeSet 6; lLHeat transfer recorder |

HT Analysis HeatTransfer
HTAnalyze 100 30; | 4

Heat transfer analysis control
(100 steps, 30s each step)

I
I
wipeHT; \



Temperature history
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Fire Models in OpenSEES

Standard Fire Model

Hydrocarbon Fire Model

Parametric Fire Model

Travelling Fire Model

Used Defined Fire Models



Thank You



