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Structure of this tutorial

This tutorial gives an introduction to the basic functionality of the
Simu-Therm 8.0 steady state heat flow calculation.

You learn step by step how to enter a plate calculation and a tube
calculation, interpret the results and make printouts.

You can easily perform all of the described calculation examples on on
your computer. We strongly recommend to do so.

After working through the tutorial up to the page " Printout example”, you
will be able to perform standard heat loss calculations.

If you also need to consider air spaces in your applications, you can find
this in the last 4 sections.
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Overview Steady State calculation page

TR Simu-Therm - CAST20 S Tutorial

- o x
modules file options _project expansion _exras _sbout
. . [Tt [ Tube without anchors
1. descriptions r———— —
X . Type of Heat Transfer Coeff. | combustion atmoshere Type of Heat Transfer Cosf. | ambient air info | [0
2 am blent Cond itions M0°C T [1535WimiK  RADIAT 20°C  Ta [3964 WmK  ASTM_04 [
[8.0 WimeK| 0.25 | | =l
wind velocit
3. anchor + Freferawos S ————————w»
( 1287 Wim? (3235 Wim) heat loss inside e m‘;oma‘ 2 ;:n?ca\ & D
> || | [710:2 Win (3235 Wim) heat loss outside s
atmosphere S35 £ i et i e e
| -atmosphere composition | | [3:245 WimK htc by thermal radiation {outside) ¢ [7220 mm- steel shell diam. inside
4 . resu It b I ocC k [click enter'to set atmosphere data || | [0.3628 Wim™K Kfactor
[ = ||\ (4475 kgl (2016 kg/m) weight sel k
. Flex 2
5 . wall Tayers from inside (0 outsidc heat storage
geo metric mm  Material sel WimK TM °C TC °C Layernote  MJim
- 150 _Fire Concrete CAST 2500/1600 17041039 [1600 1287 i‘
propertles 100 _| Castable LW 800/1100 023|800 |[1100 257
60| CALCIUMSILICAT 800 0.0685 390|800 2347 graphic
6 enter |ayers 15 |STEEL 5293 [99.33[300 1879

layer management 6r
8. navigation in the
. =]
project x| | o | e |‘( I

VI caleulation proj
«| 22 >

store in project to project page | add | dup

calculate

i
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Enter wall layers

Simu-Therm can prosess up to 30 layers in a wall. To add a layer, enter
the thickness and select a layer material from the list of project materials.

1. first layer: enter thickness 150

2. to fetch a material from the
project material page, use click here
to select material

3. as there are no materials in the
project yet, get one from the
database with add material from
data base. Proceed as shown on
the following page to fetch two
materals into the project

4. double click Fire concrete CAST
2500,/1600 to get it into the first layer
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B Select items for result list

9762 Fire Cancrete CAST 2500/1600
9714 Castable LW 800/1100

wall layers from inside to outside

mm  Material sel

1560 | click here to select layer material

add material from data base ‘

Esc Delete
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Add a material to the project

The criteria for material search are: Text search in material ID AND name (A),

material class, service temperature, density, chem. analysis component

1. select the database HDS 80
materials

2. click on material class and
select Castable dense

3. narrow the selction to
density > 2500

4. select Fire concrete CAST
2500/1600

5. as the second material select
Castable LW 800/1100, using the
criteria Castable lightweight
and density < 1200

1 select material

- 1600 | 2800 | 2.1

Mat Nr. material name (manufact) sel
CAST25 Castable 2500 / ABC Refr Ltd
9750 Fire Concrete 2500/1800 /
9762 Fire Concrete CAST 2500/1600 /. i
9764 Fire Concrete CAST 2800/1600 / 4
W Select material class X
al (reset class selection)
Metal

Non-refactory
Refractory insulation
Fireclay insulating
Fireclay

Refractory fiber material
Silicon carbide
Refractory carbon

Castable light weight
Castable dense .
Constant ref

Cancel
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X

index first characters
| —

name first characters
| ——

material class

- number criteria
senice temperature
= |Joc

bulk density
> | [2500 kg/m*
03

— |0

Show all materials
HDS 80 materials
My materials

More material fles.

|

Reset
start search

Esc|  Help
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Enter more layers

1. in the second layer line enter
thickness 100 and select material

Castable LW 800/1100 3 st matei x
2. click Reset to remove the former | e g _ i chasis
|ect i O n _9611 CALCIUMSILICAT 1000 } 1000 | 250 | 0.06 ,—
se e
3. the next layer is 60 mm e
calcium-silicate: use the text search, m——— o
S etenal _sel | —|foc
select name contains characters and 150_[FreConte CAST 2SO e
type calc N - m—— o3
—[fo
4. select CALCIUMSILICAT 800 o |
5. the last layer is a 15 mm steel .
shell: use name first characters and j

type steel, then select Steel. Now
the list of layers should look like 6
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Plate calculation (plane wall)

In Simu-Therm, three wall shapes are available: Plate, tube wall, sphere wall
Those are the shapes which can be computed by one-dimensional equations.

© tube r sphere direction of
vertical  roof  floor heat flow

® ¥

s le BoBO O]

For a plate, heat flow is
different for the following
options:

1. vertical plate

2. roof plate

3. floor plate

ambient air

ambient air w
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ambient air
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Tube and sphere wall calculation

The orientation of tubes can be horizontal or vertical

" plate & tube " sphere
& horizontal " vertical o]
800 mm  inside diameter

1450 outside diametey .
1220 %Steel shell diam. ifse optional

R RO

For tubes and spheres there
are three ways to determine
the diameter steel shell
1. inside diameter:

2. outside diameter

3. inside diameter of the
steel shell (often given by
design)

external

insulation
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Thermal condition inside

In the block Thermal condition inside enter the inside temperature 1100°C in
(1) and select a heat transfer coefficient (= HTC, =film coefficient). You find
details about the HTC in a special tutorial. For refractory design calculations just

use the default feature, giving the worst case.

thermal condition inside

2. C||Ck on Type Of heat # heat transfer coefficiant Type of Heat Transfer Coeff. |combustion atmoshere
transfer coefficient to open Heat transfer settings inside %Cl «\Tnlgs ;*vivv---mK RADIAT B
A A » - >
the HTC dlalog Type of Heat Transfer Coeff. |
. ol busti ithi it hi set default
3. select combustion or othe By o sk —w
h = veater, hot or cold side
gaS atmOSp ere " liquid metal
4' ClICk on defaUIt set Heat Transfer Coefficient (HTC)
Then the HTC |S Calculated  calculate HTC with a formula (temperature dependent)
" set HTC manually (estimated fixed value)
temperature dependent with HTC calculation formuls; | RADIAT =
Simu-Therm's RADIAT
. . 0 Wim? constant external irradiation
formula assuming a typical
combustion atmosphere. Esc
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Thermal condition outside

Enter the ambient temperature 20°C in (1) and select a HTC. The HTC outside
usually is important because it controls the outside surface temperature.

2. click on Type of heat transfer
coefficient

3. select ambient air and free
convection

Free convection is recommended
because it is 1.) the worst case
and 2.) can be calculated more
reliably.

4. select calculate htc

5. click on HTC calculation
formula and select the option
ASTM_04 heat transfer according
to ASTM 680 C release 2004
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thermal condition outside emissivity
Type of Heat Transfer Coeff, | ambient air info | [0.40
0°C _ Ta [992 WP ASTM_D4 ome—
7 heat trans 1 0 mis
[ 5.0m cliidiacteristic length ﬂ ind velocit
wind velocity

Heat transfer settings outside

Type of Heat Transfer Coeff.
&_ambient air and temperature
3 free convection (recommended)
" (Bl Sider wind speed (not recommended)

set default

Lset defout |
[l B |

¢ combustion or other gas atmosphere
" liquid metal

set Heat Transfer Coefficient (HTC)
@ calculate HTC with a formula (temperature dependent)
< (AHTC manually (estimated fixed value)

params

HTC calculation formula: | AsTM_04
5

0 Wim® constant extemnal irradiation
Esc OK

ASTME80 heat transfer at open air according to ASTM 630 C

VDI_VWAIT heat transfer at open air according to VDI heat atlas
ASTM 04 heat transfer acco. to ASTM 680 C relase 2004 5
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Common parameters of the HTC outside

The HTC to ambient air mainly depends on the emissivity of the surface and the

wind speed (= wind distant from the surface, not the thermal uplift movement)

1. enter an emissivity or click
on the info button to select it
from a list of typical materials
2. if you chose use wind speed
in the HTC dialog, you can
enter a wind speed.

3. several calculation formulas
need a characteristic lenght.
Click on the right arrow to enter
that figure. In case of a vertical
plate it is the height of the
plate. As the impact is small,
Simu-Therm uses the default
value 5 meters.

Hilger & Daniel Software GmbH www.simu-thSteady State heat flow with Simu-Therm 6

thermal
Type of Heat Transfer Coeff. | ambient air

[20°c T

| 5.0 m characteristic length

|9.329 WimK  ASTM_04

¥

[yinfo | [0:40

€
0 mfs

B Emissivity of surfaces at normal temperature

0.05 Aluminum, polished or foil
01 Aluminum sheet, rough
0.24 Aluminum, strongly oxidised
05 Aluminum-lacquer

025 Steel, new, rolled

03 Steel sheet, bright

Steel sheet, rough

Steel, strongly oxidised 1
015 Steel, austenitic, bright
0.35 Steel. austenitic. rouah
002 Vapour-deposit silver mirror

Cancel |

> . .
—ﬁwmd velocity
X

Characteristic length for the calculation of
[

plate height
o |

(al"8
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Results overview block

The results block shows a
selection of figures of special
interest for the user.

1. click on sel to open the
selection dialog. Up to 6 selected
items can be displayed in the
block. The most important
figures of a lining are:

2. heat loss (inside and/or
outside)

3. heat storage

4. weight

total results

9642 W/m? heat loss inside

964.2 W/m?* heat loss outside

519.8 MJ/m* heat storage

2

3.246 W/nmK htc by thermal r&on (outside)

0.8927 W/m?K K-factor

587.8 kg/m? weight

sel

¥ 1 heatloss inside
¥ 2 heatloss outside ‘

| 3 heatstorage

I~ 4heatloss airfl

|¥ 5 htc by thermal radiation (outside)
[~ 6 htc by convection (outside)

¥ 7 K-factor

I~ 8 heatstorage perK

|+ 9lining weight

[~ 10 lining price w
r

Esc

e

i e B B N0
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Enter a refractory anchor

1. select add heat flow through
anchors...

2. select anchor fixed on steel shell
3. enter the number of anchors

4. enter the number of branches of an
anchor

5. enter the length

6. enter the diameter and click calc.
new to compute the cross section of
an anchor

7. in case of a flat anchor, omit the
diameter and enter the cross section
8. select an anchor alloy

For more details about anchors see the special

tutorial.

& add heat flow through anchors to the total wall heat loss

det&;ru ine anchor fixing point
& anchor fixed on steel shell
© 12 hor fixed at cold side edge of the lining

" individual ’37 fixed at layer No.
20 /m? number of anchors
1 ‘wmber of branches per anchor
260 mm anchor length
6.0 mm diameter 5
50.27 mm? total cross section per anchor
0.1019 kg weight of ¢ Franchor

TP 310S stainless steel

1100 °C

alloy senvice temperature

thermal conductivity, 3 vertexes

temperature

20°C 131 WimK
420°C 20.3 WimK
900 °C 32.8 W/mK
select alloy from list J
enter a new anchor alloy |
Esc
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Graphic with refractory anchor

The graphic shows if the anchor was placed correctly.

7 temperatures in the wall layers, total thickness 325 mm - o x

Print graphic

°C inside 1066 anchor 260 mm outside *C
12007 g 1200
Mﬂﬂ‘C?\R 1010 w
. . 1094
1. click on graphic for] ot
X e £
2. the blue line shows the B3
range of the anchors o g K
3. the temperature of the 2 - N
e ind 0 5 e = 2 Fuo
anchor tip is indicated 2 e = =
B = =
0| 2 = = = o
E 2 >\
| 2 8 3 [
0 150 ! 100 )] 15
325mm
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Create a modified copy

Create a copy of calc. 1, transform it to a tube wall and remove the anchors.

1. click on dup to duplicate the
calculation
2. note that the project now (

Multi calculation project

store in project | to project page ad | dup «<| m >
to project page add | dup | «| 22 =

contains two calculations and the Vm.ca‘mm.,m,m
i store in project |
A

new calculation is no. 2

3. transform to a tube with
inside diameter 800 mm

4. change ID and description(s).

© plate

@ horizontal " vel

« tpe © sphere
(s

€ [1450 mm_ outside diameter

& [800 mm __ inside diameter

© [4220 mm  steel shell diam. inside

enter description of calculation

modules file options  project expansion  extras  about

[Tt [Tube without anchors

- thermal condition insid:4—| th

press button 'Cx to
edit calculation No. x

Plate with anchors

Tube without anchors

Set the number and the length of E:ﬂ
anchors to zero a

5. store the modifications in the
project
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nj c1 view on the
c2 )
= project page
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Print calculations

In order to print, switch to the project page

1. select the calculations you
want to print, e.g. with select all
2. click on print

in the print dialog, you can
specify details:

3. hide the original material
names by replacing them by
material groups or by alias names
4. select a language file with a
translation list for the printout.
To add languages, you can create own

language files
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press button 'Cx to

sel cale-ID enter description of calculation edit calculation No. x

I3 I PA1 Plate with anchors Al C1

11 Tube without anchors cz
C3

= | reset selection

O |

-

B print selected calcs. >

 print base calculations

€ print calculations with assigned temperature cases

* Use original names of the materials

" Print material class instead of material names

" Print alias-names No. instead of mat IU_ w

print language

| Print_English.txt
I 1 Mumber of the first print page
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Printout example: Vertical wall

e 12 SIMU-THERM-III .
021619 HEAT FLOW SIMULATION @@
Ste state’ transfer calculation plane wall - vertical
OfferOrder No.: Name: Wiench
Customer. Dolg: )
1. logo and page should prisct e Nams:
be altered by the user festm PRI P anchors
inside oulside unit Ining characleristica
2. foot note can can be Ambiort lemperaure S O ot
. Surface tempesature 10837 [ 1185 © BG2.8 Wi Heek loss inside.
Heat transition cosfficient 15205 oE77 0| wew M=t
altered by the user o e o S i et s
. . temperature
3. the graphic can be it e e oduise T e TN i
1 Fire Concrete CAST 2500/1600 150 2500 10937 1052 1728 +0.023
replaced by the standard 5 Eiiatnen ontan B M h SRR GE
4 STEEL 3123 TBSD ::3,; 120 5229

Simu-Therm graphic, see
above

4. the anchor block only
appears if anchors are
used

fiii
anchor length 260 mm
lip leenperature 1066 °C
TP 3105 stainless steel senvice femperature 1400 °C
vl e elfact congidansd in

e b
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Add a static air gap

15 [STEEL

. . 60 < | ai =0.087
We add a 60 mm wide static —'ﬁgape
air gap to a copy of the plate | ! | ! !
. . ayer properties del ins
calculation. For details about | - ==
air gaps see the special tutorial

B properties of wall layer w hd

. select print name ;malerial [LU2RENED

1. enter 60 mm in the layer Ers

line below the steel shell [

2. click on layer properties

3 in the Iayer property d|a|0g reset | special features of conduction
.  calculate layer WITHOUT atmoshere

select calculate as air gap

. ) i @ zalculate as air gap (static air) delete
(static air) to open the static pkpwimﬁmgdmﬂ e

air gap dialog.
g p g 0 conductivity correction factor
0 WimiC heat bridge conductivity Calc

Alias-narmes
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Static air gap dialog

Factor for heat flow by circular convection in gas layers

1. enter emISSIVItIeS 0-4 and 0.1 Vertical layer:
Assume that the air space is formed = :f<fjz Facteri=10 w
by an aluminum sheet with emissivity £} #2
= 0.1 So the emissivity is 0.4 inside [~ ><
(steel) and 0.1 outside (aluminum). | coiiedwin
H HY @ ambient ai
Note th.at the emissivity of the r§mm —
calculation has to be changed to 0.1  |[F - factor cicular comection infs
|NSH:$ETE| face Ol E lateral face

2. C|ICk on amblent air 04 emissivity 01 ‘ emissivity
3. click on info to open an i cure
information page about factor = e = e
circular convection, then enter 1 o 0 o 00

Esc
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Add a ventilated air gap

. 15 [STEEL
We add a 100 mm wide 100 <$ow1.iamrswcz_7pa &
ventilated air gap to a copy of o | |
the plate calculation. For | layer propeties del s |
details about air gaps see the  Mull calculation project
special tutorial B 7 properties of wall layer w *
material properties |
select print name
1. enter 100 mm in the layer far gap
. =]
line below the steel shell Alias-names
2- CliCk on /a_yer Properties reset special features of conduction
3. in the Iayer property dlalog  calculate layer WITHOUT atrmoshere
Se|eCt air gat Wlth f/OWIng " calculate as air gap (static air) de\elel
draft to open the ventilated y ﬁgapmh fovng cret dette |
air gap d|a|0g 0 conductivity correction factor
IUWImK heat bridge conductivity Cale |
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Ventilated air gap dialog

1. enter emissivities 0.4 (steel inside) and
0.1 (aluminum outside).

2. enter 5 m both as uplift height and as
flow length, because the height of our
wall of 5 m

3. assume that the flow cross section is
50% of the air gap and enter 0.5 as the
necking at outlet

4. select the flow type free colvection,
because the air flow is driven by thermal
uplift only, not by a fan

5. select the calculation position outlet,
because this is the hottest point
(possible: inlet, half length, outlet)

7 gap with airflow (free or forced)
flow type
position along gap

ambient air

1

20 °C  air entry temperature
0.14958 kg/s air entry mass flow

04 =

i

emissivity of inner surface

(=

- emissivity of ouside surface

air flow length

TE

3 3

2 air uplift height

= factor circular convection

surface roughness  |like blank metal

eckings, 0to1(1=open)
1/A0 Text

i

>3

calculate at air outlet

free convection by thermal uplift

9

4

sel

it |

info |

air inlet

air outlet

i (T
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