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What is drying calculation 7

@ A drying simulation is a transient simulation, in which one or more of
the wall layers contain free or hydraulically bonded water.

o Like any transient simulation it is based on a steady state calculation
and on a transient time schedule usually a heating and drying
schedule.

@ The water content for some of the layers is entered before the
transient simulation is started.

@ Result of the simulation are curves of the remaining water content
and the water vaporizaton rate over the simulation time period. Both
curves are available in diagrams.

In the following example we consider a wall with 2 layers containing water:

@ 130 mm dense fire concrete, 6 percent water on dry matter

@ 170 mm insulation concrete, 25 percent water
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Simulation method

The drying simulation of SIMU-THERM is
based on the following assumptions:

concrete layer

4

thickness

—

Low steam pressure: the water vapor
escapes the concrete driven by a pressure 420 <t
close to the ambient air pressure. This is -

assuming that there are enough free pores

100

and steam exit cavitations. vapou |
Vaporization occurs in the temperature
range between 100°C and 800°C: Xiee/m2s

100°C is the boiling temperature of water,
concrete is assumed to be dry at 800°C. In
that range the pores are opened gradually.

vapour

Figure: drying simulation

So the steam mainly exits towards the hot method
face.
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Get dialog wall properties

B Simu-Therm - C:ASTB0_Samples\Transient\Drying\Drying.STproject - o X

modules file options  project expansion  extras  about

P250 [Drying tutorial example [

- thermal condition inside | ~thermal condition i ity
Type of Heat Transfer Coef. | combustion atmashere Type of Heat Transfer Coeft_| ambient air info | [920

[H00°C™ i [(BowimK  input manually [0°C 7 [foawmk ASTM04 T
In order to enter the ' Ji = Bl e

Refractory | [-total resul

it loss & plate  tube " sphere
water content of a layer, | .| o o Crd o

4101 I/ heat storage

H 1 atmosphere composition 389 kg/m* weight
open the dialog 'wall e
> sel

properties’: ==

wall layers from inside to outside heat storage

Do

mm  Material _sel | WimK TM °C TC°C 12O Layernote  MJ/m?

120 <[ Fire Concrete CAST 2600/1600 1706|1047 [1600 | % H20 3434 i’

80 *s!ah\e LW 800/1100 02295 [785.6 1100 == [H20 5341 ;
50 | INSULATING_BRICK(500) 01479 (359 | 1100 829 graphic

1. mark layer 1 (dense —
fire concrete) —

2. click on button layer o

; layer properties del ins —
propertles' Multi calculation proj

| 4m

| g | == || o

Figure: select layer properties dialog
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Enter water content

1. enter water content (P) in percent of dry
matter

2. enter water content (M) in %or%
Example: P = 7%, density = 2500§

— M =175

Drying before heating

If water has been removed from the layer by
drying in advance, M is lower than calculated
like above.

Pre-drying below 100°C cannot be calculated,
because it depends on the capillarity of the
pores and on the tightness of the concrete skin.
Pre-drying above 100°C: Calculation possible,
see section Pre-drying above 100°C

7 properties of wall ayer X

layer Nr. 0120.00 mm 9762

material properties
T __matrial proprtes |

[Fire Concrete CAST 2500/1600
> | Castable dense

Alias-names
reset | special features of conduction

« calculate layer WITHOUT atmoshere

€ calculate as air gap (static air) delete
€ air gap with flowing draft delete

0 ‘conductivity correction factor
0 WimK heat bridge conductivity Calc

70% Water added. in % of dry matter Info
175 kgt WX Iniial water content info
2

heat source
copy layer

= Ho

Figure: enter water content of
a concrete layer
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Switch to transient module

After entering the water
contents of concrete layers,
you can perform the transient
simulation

1. open dropdown menu
modules

2. select transient heat
transfer

T Simu-Therm - C:\ST80_SamplesiTransient\Drying\Drying.STproject

modules file  options  project expansion
Simu-iserm calculation_project
transient heat transfer
multidimensional calculation
gas combustion
Temperaturausgleich
steel ladle simulation

Exit

exdras  about
thermal outside —
tmoshere Type of Heat Transfer Coeff. |z
manually 20°C Ta 10.4 W/m?
LI | 5.0 m characteristic length

tal result

60 W/m? heat loss

260 VW/m* heat loss
10.1 MJ/m? heat storage

—atmosphere composition———
click ‘enter to set atmosphere data

389 kg/m® weight

| >

sel

wall layers from inside to outside

mm Material S_E‘I W/mk TM°C TC °C E
120 < | Fire Concrete CAST 2500/1600 1706 |1047 | 1600 il
80 Castable LW 800/1100 0.2295 | 785.6 | 1100 222259
50 INSULATING_BRICK({500) 0.1479 | 359 | 1100

Figure: switch to transient module
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Get time schedule

B Simu-Therm 20

modules | file wns project expansion  extras about
descript  ope
totaldurz €%

Open or enter a transient ineseq | evmpeces

duraion  Createanewproject

time schedule B o

open legacy file in ST 7.x format

open dropdown menu files ®or- x
A || < Transient » Drying v & | "Drying" durchsuchen K3
select open

Ll o

Organisieren v Neuer Ordner Bz M @
search for flle type STtIm [E Dokumente A Name - Anderungsdatum  Typ
& Downloads " DryingSchedule STtime 12.01.2019 08:44 STTIME-
. select a file, e.g. J sk

B Videos

DrymgSchedule STtime B <
D “Sime
: [ Gftnen | | Abbrechen

Figure: switch to transient module
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Launch simulation

Drying\DryingSchedule STtime - o x
etras sbout

description of the transient time schedule Single segment mode

[Drying schedule 150 hours.
total duration 150000 h  absorbed heat

time seq. ambient temp.  heat transfer coeffcient

aunch the transient e :
simulation i B |

RADIATV VDL WA97V.

S
S

140 0°C 20°C RADATV  VDLWAI7V
20 h 1100°C 20°C  RADIATV  VDLWA97V
15 h_ 1100°C 20°C__ RADIATV VDI WA97V.

i X
CSV time table
start simulation in hot state.

2. select start simulation in s e

cold state

. . [ temperature inside
3. confirm with OK s [a——
4. to launch the simulation,

i e .‘ calculaté iow
click on calculate new

interval properties | back to steady state page |

1. click on button initial state

inital state

Figure: switch to transient module

Hilger & Daniel Software GmbH www.simu-ttSimulation of fire concrete drying with Simu- 9/17



Simulation result graph

The simulation graph shows
the temperature in the wall at
different times. The times are
defined by the user in the
time schedule

1. initial temperature (start
of the simulation)

2. final temperature (end of
the simulation, 150 hours)

3. temperature after 70 hours
(Line No 4 )

*C inside

1200

1000

800

600

400

20

kv .

120, 80 ﬁ 50

250 mm

Figure: simulation result graph
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Dialog time curves

In the dialog time curves you can
select curves of data recorded during
the simulation and display their
diagrams.

1. click OK to trigger displaying the
selected curves (here: inside and
outside temperatures, one of the
default diagrams)

87 select recorded time curves for graphic

heat transfer coeficient inside [W/m?K]
heat transfer coeficient outside [W/m™K]
heat flow density inside [W/m?]

heat flow density outside [W/m?]

total heat absorbtion inside [MJ/m?]
total heat absorbtion outside [MJ/m?]
heat content in layer 1 [MJ/m?]

heat content in layer 2 [VJ/m?]

heat content in layer 3 [MJ/m?]

total heat content [MJ/m]

border temp. between layers 1,2 [°C]
border temp. between layers 2.3 [°C]
mean temperature in layer 1 °C]

mean temperature in layer 2 [C]

mean temperature in layer 3 [C]

water content in layer 1 [kg/m?]
vaporization rate in layer 1 [kg/h]

water content in layer 2 [kg/m]
vaporization rate in layer 2 [kg/h]

ambient temperature inside [C]
ambient temperature outside [*C]
surface temperature inside [°C]

surface temperature outside [*C]

=1 =

@ Use as standard diagram in print form

Reset Search for
Repeat previous selections
>

(<%

Figure: simulation result graph
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Inside and outside temperatures

In the dialog time curves you can
select curves of data recorded
during the simulation and display
diagrams of them.

1. ambient temperature inside
(= temperaure curve entered in
the schedule)

2. surface temperature inside
(calculated in the simulation)
3. surface temperature otside
(calculated shell temperatue)

& simulation recording, total duration 150.00 hours - o x
TXTOOtprin graico.
¢
1200
3.1
/h
1000
o0
7
[0 //
//
a0 /y'/;;{
20 ///
P e
P K
5 100 15
1] anben sl st h
2[°Cl ambeat temperature outside
3TC] st oo e
ATC] s gl st
12/17
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Display water content

In order to get a diagram of the
water content, move ahead with
the right arrow button (1) until
the predefined selection (2)
appears.

3. confirm with OK

B select recorded time curves for graphic

X

ambient temperature inside [°C]
ambient temperature outside [°C]
surface temperature inside [*C]

surface temperature outside [°C]

heat transfer coefiicient inside [V//m®K]
heat transfer coefficient outside [W/m?K]
heat flow density inside [W/m?]

heat flow density outside [W/m?]

total heat absorbtion inside [MJ/m?]
total heat absarbtion outside [MJ/m?]
heat content in layer 1 [MJ/m?]

heat content in layer 2 [MJ/m?]

heat content in layer 3 [MJ/m?]

total heat content [MJ/m?]

border temp. between layers 1.2 [°C]
border temp. between layers 2,3 [°C]
mean temperature in layer 1 [°C]
mean temperature in layer 2 [°C]
mean temperature in layer 3 [°C]
vaporization rate in layer 1 [kg/h]
vaporization rate in layer 2 kg/h]

water content in layer 1 [kg/m?]
water content in layer 2 [kg/m?]

®

€ Use as standard diagram in print form

Reset Search for

Repeat previous selections

OK

[l
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Diagram water content

The diagram shows the remaining
water content of the layers over
the simulation time in &

1. ambient temperature inside
(= temperaure curve entered in
the schedule)

2. surface temperature inside
(calculated in the simulation)
3. surface temperature otside
(calculated shell temperatue)
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21
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Figure: water content of layers 1,2
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Export numbers of the diagram

As in all time diagrams you

can export the data of the o g

TXTMOTinto,_clipboard

diagram to a table in CSV T e

Write CSV file of the diagram

format CSV file of the diagram into clipboard

TXTMO7close_ESCO_

1. open drop down menu of

the graphic Bo-HE A8 KBB4 a8 BESE ST D6
{|lberationsans V[ [0 v a@ d &-8-=== |5 EEE b % 0o m@| % &
2. select export CSV " 3=
4 s fclole adloelnwl[ [yl [m
0 10 20 30 50 70 75 9% 115 125 135 150

3. Choose the number Of data %%C]g,%ewmen 1750 1748 1742 1542 1094 597 502 178 26 00 00 00

[kgim?] water 1440 1438 1438 1429 961 494 447 271 118 67 28 12

points (here: 12 points) s
4. open CSV file in a

spreadsheet software (e.g. Figure: export CSV files for spreadsheet
Microsoft Excel)

IS
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Display water vaporization

W7 select recorded time curves for graphic X
ambient temperature inside ['C] Vaporization rate in layer 1 [kg/h]

ambient temperature outside [-C] vaporization rate in layer 2 [ka/h]

surface temperature inside ['C]

surface temperature outside [*C] k

heat transfer coeffcient inside [W/mK]

heat transfer cosfficient outside [Wim?K]

heat flow density inside [W/me]

heat flow density outside [Wir?]

. . total heat absorbtion inside [MJ/r7]

Move ahead with the ri gh t arrow total heat absorbtion outside [MJ/m?]
heat content in layer 1 [MJ/m?]

heat content in layer 2 [MJ/m?]

button (1) until the selection heat content in layer 3 [/

total heat content [MJ/m?]
. . border temp. between layers 1.2 [°C]

vaporization (2) appears. b . beween oyers 23 1]

mean temperature in layer 1 [°C]

mean temperature in layer 2 [°C]

mean temperature in layer 3 [°C]

watercomsotmilayecl o/l € Use as standard diagram in print form

3. confirm with OK water content in layer 2 [kg/m¢]
Reset | Seachfor|

Repeat previous selections
=

i
Esc OK
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Diagram water vaporization

7 simulation recording,total duration 150,00 hours - o X

The diagram shows the water e,
vaporization rates of the layers over i \
the simulation time in k?g s /\
w /o 1

o - J VN
The objective of vaporization . / | A
curves is to detect peaks of the y / IV VT
vaporization rate. The peaks y | ) \
correspond to peaks of steam s / / \\f\\\\\
pressure in the concrete, which o L/ - \=j;0
should be avoided in order to A "

reduce the risk of damages.

Figure: water content of layers 1,2
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