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List of 18
Important Unsteady State Heat Conduction

Formulas

1) Biot Number given Characteristic Dimension and Fourier Number Formula 
Formula

Bi =
h ⋅ 𝜏

ρB ⋅ c ⋅ s ⋅ Fo

Example with Units

110.0234 =
10W/m²*K ⋅ 1937 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.9m ⋅ 1.134

2) Biot Number given Heat Transfer Coefficient and Time Constant Formula 
Formula

Bi =
h ⋅ Ac ⋅ 𝜏

ρB ⋅ c ⋅ V ⋅ Fo

Example with Units

0.9111 =
10W/m²*K ⋅ 0.00785m² ⋅ 1937 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³ ⋅ 1.134

3) Biot Number using Fourier Number Formula 
Formula

Bi = � -
1
Fo

� ⋅ ln�
T - T∞
T0 - T∞

�

Example with Units

0.7651 = � -
1

1.134
� ⋅ ln�

589K - 373K

887.36K - 373K
�

4) Biot Number using Heat Transfer Coefficient Formula 
Formula

Bi =
h ⋅ ℓ
k

Example with Units

23.1628 =
10W/m²*K ⋅ 4.98m

2.15W/(m*K)

5) Capacitance of Thermal System by Lumped Heat Capacity Method Formula 
Formula

CTh = ρB ⋅ c ⋅ V

Example with Units

147.1725 J/K = 15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³

6) Fourier Number Formula 
Formula

Fo =
α ⋅ 𝜏c

s2

Example with Units

0.293 =
5.58m²/s ⋅ 2.5 s

6.9m
2
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7) Fourier Number given Characteristic Dimension and Biot Number Formula 
Formula

Fo =
h ⋅ 𝜏

ρB ⋅ c ⋅ s ⋅ Bi

Example with Units

4.5955 =
10W/m²*K ⋅ 1937 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.9m ⋅ 27.15

8) Fourier Number given Heat Transfer Coefficient and Time Constant Formula 
Formula

Fo =
h ⋅ Ac ⋅ 𝜏

ρB ⋅ c ⋅ V ⋅ Bi

Example with Units

0.0381 =
10W/m²*K ⋅ 0.00785m² ⋅ 1937 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³ ⋅ 27.15

9) Fourier Number using Biot Number Formula 
Formula

Fo = � -
1
Bi

� ⋅ ln�
T - T∞
T0 - T∞

�

Example with Units

0.032 = � -
1

27.15
� ⋅ ln�

589K - 373K

887.36K - 373K
�

10) Fourier Number using Thermal Conductivity Formula 
Formula

Fo = �
k ⋅ 𝜏c

ρB ⋅ c ⋅ � s
2
�
�

Example with Units

0.005 = �
2.15W/(m*K) ⋅ 2.5 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ � 6.9m
2
�
�

11) Initial Internal Energy Content of Body in Reference to Environment Temperature Formula 
Formula

Qo = ρB ⋅ c ⋅ V ⋅ � Ti - Tamb �

Example with Units

21781.53 J = 15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³ ⋅ � 600K - 452K �

12) Initial Temperature of Body by Lumped Heat Capacity Method Formula 
Formula

T0 =
T - T∞

exp�
-h ⋅ Ac ⋅ 𝜏

ρB ⋅ c ⋅ V
�
+ T∞

Example with Units

979.9524K =
589K - 373K

exp� -10W/m²*K ⋅ 0.00785m² ⋅ 1937 s

15 kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³
�
+ 373K

13) Temperature of Body by Lumped Heat Capacity Method Formula 
Formula

T = �exp�
-h ⋅ Ac ⋅ 𝜏

ρB ⋅ c ⋅ V
�� ⋅ � T0 - T∞ � + T∞

Example with Units

556.0486K = �exp�
-10W/m²*K ⋅ 0.00785m² ⋅ 1937 s

15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³
�� ⋅ � 887.36K - 373K � + 373K
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14) Temperature Response of Instantaneous Energy Pulse in Semi Infinite Solid Formula 
Formula

T = Ti + �
Q

A ⋅ ρB ⋅ c ⋅ � 𝜋 ⋅ α ⋅ 𝜏 �
0.5� ⋅ exp�

-x
2

4 ⋅ α ⋅ 𝜏
�

Example with Units

600.0201K = 600K + �
4200 J

50.3m² ⋅ 15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ � 3.1416 ⋅ 5.58m²/s ⋅ 1937 s �
0.5� ⋅ exp�

-0.02m
2

4 ⋅ 5.58m²/s ⋅ 1937 s
�

15) Temperature Response of Instantaneous Energy Pulse in Semi Infinite Solid at Surface Formula

Formula

T = Ti + �
Q

A ⋅ ρB ⋅ c ⋅ � 𝜋 ⋅ α ⋅ 𝜏 �
0.5�

Example with Units

600.0201K = 600K + �
4200 J

50.3m² ⋅ 15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ � 3.1416 ⋅ 5.58m²/s ⋅ 1937 s �
0.5�

16) Thermal Conductivity given Biot Number Formula 
Formula

k =
h ⋅ ℓ
Bi

Example with Units

1.8343W/(m*K) =
10W/m²*K ⋅ 4.98m

27.15

17) Time Constant of Thermal System Formula 
Formula

𝜏 =
ρB ⋅ c ⋅ V

h ⋅ Ac

Example with Units

1874.8089 s =
15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³

10W/m²*K ⋅ 0.00785m²

18) Time Taken by Object for Heating or Cooling by Lumped Heat Capacity Method Formula 
Formula

𝜏 = �
-ρB ⋅ c ⋅ V

h ⋅ Ac
� ⋅ ln�

T - T∞
T0 - T∞

�

Example with Units

1626.6686 s = �
-15kg/m³ ⋅ 1.5 J/(kg*K) ⋅ 6.541m³

10W/m²*K ⋅ 0.00785m²
� ⋅ ln�

589K - 373K

887.36K - 373K
�
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Variables used in list of Unsteady
State Heat Conduction Formulas

above

A Area (Square Meter)

Ac Surface Area for Convection (Square Meter)

Bi Biot Number

c Specific Heat Capacity (Joule per Kilogram per K)

CTh Capacitance of Thermal System (Joule per
Kelvin)

Fo Fourier Number

h Heat Transfer Coefficient (Watt per Square Meter
per Kelvin)

k Thermal Conductivity (Watt per Meter per K)

Q Heat Energy (Joule)

Qo Initial Energy Content (Joule)

s Characteristic Dimension (Meter)

T Temperature at Any Time T (Kelvin)

T0 Initial Temperature of Object (Kelvin)

T∞ Temperature of Bulk Fluid (Kelvin)

Tamb Ambient Temperature (Kelvin)

Ti Initial Temperature of Solid (Kelvin)

V Volume of Object (Cubic Meter)

x Depth of Semi Infinite Solid (Meter)

α Thermal Diffusivity (Square Meter Per Second)

ρB Density of Body (Kilogram per Cubic Meter)

ℓ  Thickness of Wall (Meter)

𝜏  Time Constant (Second)

𝜏c Characteristic Time (Second)

Constants, Functions, Measurements
used in list of Unsteady State Heat

Conduction Formulas above

constant(s): pi,
3.14159265358979323846264338327950288
Archimedes' constant
Functions: exp, exp(Number)
n an exponential function, the value of the function
changes by a constant factor for every unit change in
the independent variable.
Functions: ln, ln(Number)
The natural logarithm, also known as the logarithm to
the base e, is the inverse function of the natural
exponential function.
Measurement: Length in Meter (m)
Length Unit Conversion 
Measurement: Time in Second (s)
Time Unit Conversion 
Measurement: Temperature in Kelvin (K)
Temperature Unit Conversion 
Measurement: Volume in Cubic Meter (m³)
Volume Unit Conversion 
Measurement: Area in Square Meter (m²)
Area Unit Conversion 
Measurement: Energy in Joule (J)
Energy Unit Conversion 
Measurement: Thermal Conductivity in Watt per
Meter per K (W/(m*K))
Thermal Conductivity Unit Conversion 
Measurement: Specific Heat Capacity in Joule per
Kilogram per K (J/(kg*K))
Specific Heat Capacity Unit Conversion 
Measurement: Heat Transfer Coefficient in Watt per
Square Meter per Kelvin (W/m²*K)
Heat Transfer Coefficient Unit Conversion 
Measurement: Density in Kilogram per Cubic Meter
(kg/m³)
Density Unit Conversion 
Measurement: Diffusivity in Square Meter Per
Second (m²/s)
Diffusivity Unit Conversion 
Measurement: Entropy in Joule per Kelvin (J/K)
Entropy Unit Conversion 

© formuladen.com Important Unsteady State Heat Conduction Formulas PDF... 4/5

https://www.unitsconverters.com/en/Length-Conversions/Measurement-3
https://www.unitsconverters.com/en/Length-Conversions/Measurement-3
https://www.unitsconverters.com/en/Time-Conversions/Measurement-5
https://www.unitsconverters.com/en/Time-Conversions/Measurement-5
https://www.unitsconverters.com/en/Temperature-Conversions/Measurement-7
https://www.unitsconverters.com/en/Temperature-Conversions/Measurement-7
https://www.unitsconverters.com/en/Volume-Conversions/Measurement-10
https://www.unitsconverters.com/en/Volume-Conversions/Measurement-10
https://www.unitsconverters.com/en/Area-Conversions/Measurement-11
https://www.unitsconverters.com/en/Area-Conversions/Measurement-11
https://www.unitsconverters.com/en/Energy-Conversions/Measurement-15
https://www.unitsconverters.com/en/Energy-Conversions/Measurement-15
https://www.unitsconverters.com/en/Thermal-Conductivity-Conversions/Measurement-57
https://www.unitsconverters.com/en/Thermal-Conductivity-Conversions/Measurement-57
https://www.unitsconverters.com/en/Specific-Heat-Capacity-Conversions/Measurement-60
https://www.unitsconverters.com/en/Specific-Heat-Capacity-Conversions/Measurement-60
https://www.unitsconverters.com/en/Heat-Transfer-Coefficient-Conversions/Measurement-66
https://www.unitsconverters.com/en/Heat-Transfer-Coefficient-Conversions/Measurement-66
https://www.unitsconverters.com/en/Density-Conversions/Measurement-78
https://www.unitsconverters.com/en/Density-Conversions/Measurement-78
https://www.unitsconverters.com/en/Diffusivity-Conversions/Measurement-1130
https://www.unitsconverters.com/en/Diffusivity-Conversions/Measurement-1130
https://www.unitsconverters.com/en/Entropy-Conversions/Measurement-1196
https://www.unitsconverters.com/en/Entropy-Conversions/Measurement-1196
https://www.formuladen.com/en/
https://www.formuladen.com/en/
https://www.formuladen.com/en/


7/8/2024 | 12:14:45 PM UTC

Download other Important Heat Transfer PDFs

Important Basics of Heat Transfer
Formulas 
Important Co-Relation of Dimensionless
Numbers Formulas 
Important Heat Exchanger Formulas 

Important Heat Transfer from Extended
Surfaces (Fins) Formulas 
Important Thermal Resistance
Formulas 
Important Unsteady State Heat
Conduction Formulas 

Try our Unique Visual Calculators

Percentage of number 

Simple fraction 

LCM calculator 

Please SHARE this PDF with someone who needs it!

This PDF can be downloaded in these languages

English  Spanish  French  German  Russian  Italian  Portuguese  Polish  Dutch 

© formuladen.com Important Unsteady State Heat Conduction Formulas PDF... 5/5

https://www.formuladen.com/en/basics-of-heat-transfer-formulas/FormulaList-8687
https://www.formuladen.com/en/basics-of-heat-transfer-formulas/FormulaList-8687
https://www.formuladen.com/en/co-relation-of-dimensionless-numbers-formulas/FormulaList-8683
https://www.formuladen.com/en/co-relation-of-dimensionless-numbers-formulas/FormulaList-8683
https://www.formuladen.com/en/heat-exchanger-formulas/FormulaList-7750
https://www.formuladen.com/en/heat-exchanger-formulas/FormulaList-7750
https://www.formuladen.com/en/heat-transfer-from-extended-surfaces-(fins)-formulas/FormulaList-7424
https://www.formuladen.com/en/heat-transfer-from-extended-surfaces-(fins)-formulas/FormulaList-7424
https://www.formuladen.com/en/thermal-resistance-formulas/FormulaList-8615
https://www.formuladen.com/en/thermal-resistance-formulas/FormulaList-8615
https://www.formuladen.com/en/unsteady-state-heat-conduction-formulas/FormulaList-7801
https://www.formuladen.com/en/unsteady-state-heat-conduction-formulas/FormulaList-7801
https://www.visualpercentagecalculator.com/en/percentage-of-number/Perc-1
https://www.visualpercentagecalculator.com/en/percentage-of-number/Perc-1
https://www.visualfractioncalculator.com/en/simple-fraction-addition/frac-1
https://www.visualfractioncalculator.com/en/simple-fraction-addition/frac-1
https://www.lcmhcfcalculator.com/en/lcm-of-multiple-numbers-by-prime-factorization-using-factor-tree/lcmhcf-46
https://www.lcmhcfcalculator.com/en/lcm-of-multiple-numbers-by-prime-factorization-using-factor-tree/lcmhcf-46
https://www.formuladen.com/PDF/Nodes/7801/List-of-Important-Unsteady-state-heat-conduction-Formulas.PDF
https://www.formuladen.com/PDF/Nodes/7801/Lista-de-Importante-Conduccion-de-calor-en-estado-no-estacionario-F%c3%b3rmulas.PDF
https://www.formuladen.com/PDF/Nodes/7801/Liste-de-Important-Conduction-thermique-a-letat-instable-Formules.PDF
https://www.formuladen.com/PDF/Nodes/7801/Liste-von-Wichtig-Instationare-warmeleitung-Formeln.PDF
https://www.formuladen.com/PDF/Nodes/7801/%d0%a1%d0%bf%d0%b8%d1%81%d0%be%d0%ba-%d0%92%d0%b0%d0%b6%d0%bd%d1%8b%d0%b9-%d0%9d%d0%b5%d1%81%d1%82%d0%b0%d1%86%d0%b8%d0%be%d0%bd%d0%b0%d1%80%d0%bd%d0%be%d0%b5-%d1%81%d0%be%d1%81%d1%82%d0%be%d1%8f%d0%bd%d0%b8%d0%b5-%d1%82%d0%b5%d0%bf%d0%bb%d0%be%d0%bf%d1%80%d0%be%d0%b2%d0%be%d0%b4%d0%bd%d0%be%d1%81%d1%82%d0%b8-%d0%a4%d0%be%d1%80%d0%bc%d1%83%d0%bb%d1%8b.PDF
https://www.formuladen.com/PDF/Nodes/7801/Lista-di-Importante-Conduzione-del-calore-in-stato-instabile-Formule.PDF
https://www.formuladen.com/PDF/Nodes/7801/Lista-de-Importante-Conducao-de-calor-em-estado-instavel-F%c3%b3rmulas.PDF
https://www.formuladen.com/PDF/Nodes/7801/Lista-Wa%c5%bcny-Przewodzenie-ciepla-w-stanie-niestacjonarnym-Formu%c5%82y.PDF
https://www.formuladen.com/PDF/Nodes/7801/Lijst-van-Belangrijk-Warmtegeleiding-in-onstabiele-toestand-Formules.PDF
https://www.formuladen.com/en/
https://www.formuladen.com/en/
https://www.formuladen.com/en/

