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Transferéncia de Calor

Let's review the three methods of transferring energy between two bodies at
different temperatures:

convection, conduction, and radiation.
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Transferéncia de Calor por Conducao

Conduction is the transfer of heat through a solid medium. The energy
transfer depends on:

-Temperature differences in the solid body

-The material’s thickness (espessura)
-The material's thermal conductivity

-The material’s cross-sectional area

The basic heat conduction equation is also known as the Fourier law of heat
conduction. Below is the conduction equation for a one-dimensional system,
l.e., considering heat conduction in only one direction

L-T,)
{{] & f

Y

q =k
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(L -1) Note:
q =i = q <>Q<>7q"
Where: q =heat flow over time, kW — > | fale

k =thermal conductivity, kW /m*°C
A =area. m?

T1 = Temmperature on cold side, °C
T2 = Temperature on hot side, °C

x = Thickness, m (espessura)
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_» Embora a tabela esteja em Kelvin, ndo é

necessario converter. Pois a equacao usa
delta T, logo Celsius e Kelvin equivalem

Where: q= hlem flow over time, KW
k =thermal conductivity, kKW /m°C

A=area.m



Table 1-2 Thermal Properties of Some Common Materials@

(Comineay | SEahe | DeEw || i Thesindl
k (Wim°EK) heat, o diffusmty, inerta, kpcy,
Material - (kg/'m’) i (W s/m*K")
(Tkg®K) oc,
{m‘-'!!'s]
Copper 387 380 2040 1.14x10* 1.3x10°
Steel (mild) 45.8 460 7850 126x107 1.6x10°
Brick {(common) 0.69 240 1600 332 x]lfl'i 0. 3x10°
Concrete 08-14 880  1000-2300 5.7 x107’ 2 x1®
Glass (plate) 076 &40 2700 33 Il[:l'i 1._."'11[]'?
Grypsum plaster 048 &40 1440 41 =107 5.8x10°
PMMAD 0.19 1420 1190 11 =107 3.0x10°
Oake 0.17 2380 200 29 x10° 3.2x10°
Vellow pine€ 0.14 2830 640 83 x10° 2.5x10°
Asbestos 0.15 1050 577 735 ¥ 9. 1x1¢*
Fibre insulating board 0.041 2090 229 86 x10° 2.0x10C*
Pekiralishe B 0.034 1400 20 12 x10° 9.5x10°
Air 0.026 1040 1.1 22 x10° —
\§ ,

Drysdale. D.D. An Introduction to Fire Dynamics. New York: John Wiley & Sons_ 1985, p. 36
Beproduced by permission of John Wilev and Sons Limited.)

@ From Pitts and Siszom (1977) and others. Most values for 0 or 20°C. Figures have been rounded off
Polymehylmethacrylate. Values of k. cp and for other plastics are given m Table 1.2.

o

B, m

Typical valnes only.

Properties measured perpendicular to the gram



Table 1-2 Thermal Properties of Some Common Materials?

(Comineay | SEahe | DeEw || i Thesindl
| k (Wim°EK) heat, P diffusmty, iuegtia,, Epcp
Material Cp, (kg/m’) k (W s/m*K")
e
(Tkg°K) oc,
{m‘-'!!'s.]
Copper 1g7  Muito condutor! 1.14x10% 1.3x10°
Steel (mild) 45.8 460 7850 1262107 1.6x10°
Brick {(common) 0.69 240 1600 332 x]lfl'i 0. 3x10°
Concrete 0.8-14 820  1000-2300 5.7 x107 2 x1cf
(Glaszs (plate) 076 &40 2700 33 Il[:l'i 1._."'11[]'?
Grypsum plaster 048 &40 1440 41 =107 5.8x10°
PMMAP 0.19 1420 1190 11 =107 3.2x10°
Oake 0.17 2380 200 29 x10° 3.2x10°
Vellow pine€ 0.14 2830 640 83 x10° 2.5x10°
Asbestos 0.15 1050 577 735 ¥ 9. 1x1¢*
Fibre insulating board 0.041 2090 229 86 x10° j_ﬂxm:
d 0.034 12 x10°® 9.5x10
RO b Tond Pouco condutor ;
Air . 0.026 A 22 x10 —

Drysdale. D.D. An Introduction to Fire Dynamics. New York: John Wiley & Sons_ 1985, p. 36
Beproduced by permission of John Wilev and Sons Limited.)

@ From Pitts and Siszom (1977) and others. Most values for 0 or 20°C. Figures have been rounded off

b

B, m

Typical valnes only.

Properties measured perpendicular to the gram

Polymehylmethacrylate. Values of k. cp and for other plastics are given m Table 1.2.
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Ir-T,)
(G-

e

q =Kk

Equation applies only after the system has reached steady state.

This means the temperature on the cold side is not going to increase
as long as the temperature on the hot side doesn’t change.

If a steady state is assumed, then the temperature gradient is constant. By
temperature gradient we mean the temperature across a body. Generally,
in conduction problems, we’ll assume steady state has been achieved.
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http://srdata.nist.gov/insulation/insul_search_menu_12.asp

NIST Heat Transmission Properties of Insulating and Building Materials
Material: Select any material -] S.:.[;;t L““;;}

Material Source: Select a manufacturer -] Sort by:

@ Material
Material Designation: Select a designation E| B Material Somrce

Bulk Density Range: from to kg-m*-3 i Bulk Density
) Thickness

: ) Temperature
Thickness Range: to -Reset i
: ) Thermal Property

Mean Temperature Range: to Thermal Property:
@ Conductivity
) Conductance
Thermal Property Range: W-m™-1-K™-1 ) Resistivitvy

) Resistance

Clear Entries [ Start Search
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Exemplo:

NIST Heat Transmission Properties of Insulating and Building Materials

§ Select Units:
Material: Polyester =] clect Lars

@8I OIP

Material Source: Select a manufacturer |~ Sort by:
@ Material
Material Designation: Select a designation |Z| R T

Bulk Density Range: from to kg-m**-3 - Bulk Density
) Thickness

. ) Temperature
Thickness Range: fro to Resol -
ICEness hange . ) Thermal Property

Mean Temperature Range: to Thermal Property:
@ Conductivity
) Conductance
Thermal Propertv Range: W-m™-1-K™1 ) Resistivity

0 Resistance

Clear Entries Start Search
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Exemplo:

Results from NIST Heat Transmission Properties of Insulating and Building Materials Database

Plot Data
Total Number of Records: 2

You are searching for the following fields:

* Density Range: 4 19 to 2991 kg m> (Defanlt valies)

* Thickness Range: 0.71 to 51.95 mm (Default values)

* Temperature Range: -19.02 to 58.6 °C (Default values)

* Thermal Conductivity Range: 0.016 to 2.3 W- m™ K-! (Default values)
* Material: Polyester

Thermal Conductivity
W- m—l . K—l

0.0487 NBS

|D.D53 | vionsanto Chemical Co.

Bulk Density | Thickness | Mean Temperature Delta

Material Date Material Source

reLgd m'3 mim oC K

153
154

Polyester |7/20/1949

Total Number of Records: 2
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Results from NIST Heat Transmission Properties of Insulating and Building Materials Database
Detail Summary for ID 680

Exemplo:
ID
Material

Form

Material Source

Specimen Number 1
Bulk Density (kg* m™) 163
Thickness (mm) 24 65

Mean Temperature (°C) 218

Delta T (K) 13.3 )
IM (W- ml- K1)|0.0487 \/

Initial Moisture Content (%) 0

Final Moisture Content (%) 0.1

Description Specimen pair unlike

Comment Density. dry as tested. Density of pair (#1, 9.3 Ib/ft°; #2, 10.9 Ib/f7).

Date 6/21/1949

Apparatus 200 mm guarded hot plate

Mode of Operation 2
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Exemplo:

Example 1-1 After investigating a fire and in preparation for a tnal you want to
determine the heat transfer through a sheet of gypsum wallboard at a given
stage of the fire. (See Figure 1-13.) You determined that the temperature on

the hot side, T2, was 900°C and the temperature on the cold side was 100°C.

The conductivity of gypsum wallboard is 4.8 x 10-4 kW/m®°C (Table 1-2) and
the thickness was Ya-inch (0.0127 m.) To simplify calculations, assume the

areais 1 m2.

In—-T Q00 — 100
Mz [4_5 107 )1 }{ )
3 00127

=30 kW

g=kd

Figure 1-3

1/2-inch (0.0127 m)
gypsum wallboard

Tq=100°C
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Transferéncia de Calor por Convecgao

o Note:
- i hd (I'r i I5 } Clo<e> Q<>q"

rate

Where: g = heat transfer to a sold (kW, kJ/s or Biuw's)

h = convective heat transfer coefficient (kW/m=°C)

A= solid surface area (m?) or (ft%)
T¢ = temperature of flud (*C or *K) (°F or °R)

T, = temperature of a solid (°C or *K) (°F or °R).
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h = convective heat transfer coefficient (kW/m=°C)

ok | s i

T; = temperature of flid To solve convection problems we must know the
T, = temperature of a st convective heat transfer coefficient. In general, it
is a complex function of the geometry, fluid
properties, fluid velocity, and film and surface
temperatures.

Typical heat transfer coefficient from flames
is 0.005 ... 0.01 kW/m2°C.
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T, = temperature of fluid (°C or °K) (°F or °R)
T, = temperature of a solid (°C or °K) (°F or "R).

Free Convection - Air : 5 - 25 (W/m?K)
Forced Convection - Air: 10 - 200 (W/m?K)

http://www.engineeringtoolbox.com/convective-heat-transfer-d_430.html




Heat Transfer (Watts/sg. m) (Btulsq. ft. hr.)

Transferéncia de Calor por Convecgao

Convective Heat Transfer

10,000,000
Temperaturea
1,000,000 Difference
(deg C)
Tf-Ts (deg F)
100.000 - 10
=20
40
10.000 &0
=100
1.000
100
10 100 1,000 10,000 100,000

Convective Heat Transfer Coefficient (Wisq. m K) (Btulsq. ft. hr. deg F)

h http://www.engineeringtoolbox.com/convective-heat-transfer-d 430.html
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kW m2 C
m2 C

g=hA(T,-T,) W

Where: q = heat transfer to a sold (KW, kJ/s or Btu/s)
h = convective heat transfer coefficient (kW/m=°C)

A= solid surface area (m?) or (ft%)
T¢ = temperature of flud (*C or *K) (°F or *R)

T, = temperature of a solid (°C or °K) (°F or "R).



