Contents

1 Imtroduction. ......... ... . . . ... . ... 1
1.1 Universality of Mixed Convection . . .. ................. 1
1.2 Application Backgrounds . .............. ... .. .. ..... 2
1.3 Previous Studies. . . ........ ... L 3
1.4  Big Challenge Associated with In-Depth Study on Heat

Transfer of Mixed Convection. . . . .................... 3
1.4.1 Limitation of Traditional Falkner-Skan
Transformation. . . . .......... ... ... ... ... ... 3
1.4.2  Challenge Associated with Consideration
of Variable Physical Properties. . . . .............. 4
1.43  Challenge Associated with Practical Value
on Study of Heat Transfer. . . .................. 4
1.44  Key Measures to Ensure Theoretical and Practical
Value on Study of Heat Transfer . . .............. 5
1.5 Focused Studies in This Book . . . ..................... 5
1.6 Research Developments in This Book. ... ............... 6
1.6.1  Application of Innovative Similarity Transformation
in In-Depth Study of Fluid Mixed Convection . . . . . .. 6
1.6.2  For Treatment of Coupled Effect of Variable
Physical Properties . . .. ........ .. .. .. .. ...... 7
1.6.3  Systems of Numerical Solutions for Consideration
of Coupled Effect of Variable Physical Properties. . . . . 7
1.6.4  Optimal Formalization for Groups of Numerical
Solutions. . . .. ... 8
1.6.5 Theoretical and Practical Value of the Optimal
Formalized Equations on Heat Transfer Coefficient. . . . 8
1.7 Remarks .. ... ... .. 8
References . . . ... ... 9

vii


http://dx.doi.org/10.1007/978-3-319-27959-6_1
http://dx.doi.org/10.1007/978-3-319-27959-6_1
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec16
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Sec16
http://dx.doi.org/10.1007/978-3-319-27959-6_1#Bib1

viii Contents

Part I Theoretical Foundation

2 Theoretical Foundation on Conservation Equations

of Laminar Mixed Convection . .. ........................ 15
2.1 Continuity Equation . . . . ......... ... ... .. ... .. .. ... 15
2.2 Momentum Equation (Navier-Stokes Equation) .. .......... 17
23 Energy Equation ............ .. ... .. . .. .. . ... 21
2.4  Conservation Equations of Laminar Mixed Convection
Boundary Layer. . . ...... ... . .. .. . . 25
24.1 Continuity Equation . . . . ........ ... ... ... .... 25
2.4.2  Momentum Equation (Navier-Stokes Equation) . . .. .. 25
243 Energy Equation ............. ... ... ... .... 29
25 Summary . ... 30

2.5.1  Governing Partial Differential Conservation Equations

of Laminar Convection with Consideration of

Variable Physical Properties. . ... ............... 30
2.5.2  Governing Partial Differential Equations of Laminar

Mixed Convection Boundary Layer with

Consideration of Variable Physical Properties . . . . ... 31
2.5.3  Governing Partial Differential Equations of Laminar

Mixed Convection Boundary Layer for Boussinesq

ApPProXimation. . . . . ...ttt 32
26 Remarks....... ... ... 33
3 Our Innovative Similarity Transformation
Models of Convection Velocity Field . . . .................... 35
3.1 Introduction. . ............ ... 36
3.1.1  Development Background of the Innovative
Similarity Transformation . ... ................. 36

3.1.2  Successful Application of the Innovative
Similarity Transformation in Our In-depth
Studies on Convection Heat and Mass Transfer . . . . . . 36
3.1.3  The Extended Application of the Innovative Similarity
Transformation in the International Academic

Community . .. ...t 37
3.2 Basis Models of the Innovative Similarity Transformation
for Free Convection Boundary Layer . .................. 38
3.2.1  Physical and Mathematical Derivation of the
Similarity Transformation Model . ... ............ 38
3.2.2  An Application Example of the Innovative Similarity
Transformation. . . .. ......... ... ... ... ...... 44
3.3 Basis Models of the Innovative Similarity Transformation
for Forced Convection Boundary Layer. . .. .............. 45

3.3.1  Physical and Mathematical Derivation of the
Similarity Transformation Model . ............... 45


http://dx.doi.org/10.1007/978-3-319-27959-6_2
http://dx.doi.org/10.1007/978-3-319-27959-6_2
http://dx.doi.org/10.1007/978-3-319-27959-6_2
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_2#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_3
http://dx.doi.org/10.1007/978-3-319-27959-6_3
http://dx.doi.org/10.1007/978-3-319-27959-6_3
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec9

Contents

3.3.2 An Application Example of the Innovative Similarity

Transformation Model . ............. ... .. .. ........
34 Remarks . ...... ... ... e
References . . . ... .. e

Part I Hydrodynamics and Heat Transfer with Consideration of
Boussinesq Approximation

4  Pseudo-Similarity Transformation of Governing Partial

Differential Equations. . . . .. ............ .. .. .. .. .. ... ...
4.1 Introduction. .............. .. .. ... i
4.2 Governing Partial Differential Equations . . . .. ............
4.3  Similarity Variables for Pseudo-Similarity Transformation. . . . .
4.4  Performance of the Pseudo-Similarity Transformation. . ... ...
4.4.1  Transformation of Eq. (4.1). .. .................
4.42  Transformation of Eq. (4.2). . ....... ... ... ....
4.43  Transformation of Eq. (4.3). . ....... ... ... ....
4.5 Rewriting the Governing Ordinary Differential Equations . . . . .
4.6 SUMMAIY . . ..ottt e e
47 Remarks........ ... .. ...
References . . ... ... . ...
5 Hydrodynamics . ... .......... ... .. ...
5.1  Similarity Governing Partial Differential Equations. . ... ... ..
5.2 Ranges of the Numerical Calculation . ..................
5.3 Velocity Fields .. ...... .. .. .. .. . . i
5.4  Skin-Friction Coefficient . . .. ..................... ...
5.5 Remarks....... ... ..
Reference. . . ... .. .
6 Heat Transfer .. ...... ... ... ... .. ... .. ... . ... . .....
6.1 Introduction............. ... ... ... . . . ... ..
6.2 Temperature Field ... ....... ... ... ... ... ... ... ....
6.3  Theoretical Equations of Nusselt Number . ... ............
6.3.1  Theoretical Equations of Nusselt Number . . ........

6.3.2  Optimal Formalization of Wall Similarity
Temperature Gradient . . .. ....................
6.4  Optimal Formalized Equations of Nusselt Number . . . .. ... ..
6.5 Calculation Examples . . .. ....... ... ... ... .. ... . ...,
6.5.1 Question 1....... ... .. ... .. . ...
6.52 Question 2. . ... ...
6.53 Question 3. .. ... . ... ...
6.6 Remarks.......... ... .. ... . . ... .
References . . . .. ...


http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_3#Bib1
http://dx.doi.org/10.1007/978-3-319-27959-6_4
http://dx.doi.org/10.1007/978-3-319-27959-6_4
http://dx.doi.org/10.1007/978-3-319-27959-6_4
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_4#Bib1
http://dx.doi.org/10.1007/978-3-319-27959-6_5
http://dx.doi.org/10.1007/978-3-319-27959-6_5
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_5#Bib1
http://dx.doi.org/10.1007/978-3-319-27959-6_6
http://dx.doi.org/10.1007/978-3-319-27959-6_6
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_6#Bib1

X Contents

Part II Heat Transfer for Consideration of Coupled Effect of
Variable Physical Properties

7  Pseudo-Similarity Transformation of Governing Partial

Differential Equations. . . . .. ............ .. .. ... .. ... ... 97
7.1 Introduction. . ............... . ... 97
7.2 Governing Partial Differential Equations . . . .. ............ 98
7.3  Similarity Variables for Pseudo-Similarity Transformation. . . . . 98
7.4  Pseudo-Similarity Transformation of the Governing
Partial Differential Equations . . .. ....... ... ... ... ..... 100
7.4.1  Transformation of Eq. (7.1). . ........ ... ... ... 100
7.4.2  Transformation of Eq. (7.2) . . .. ... ... .. ... ... 101
7.4.3  Transformation of Eq. (7.3). . .. ... ... .. ... ... 104
7.5  Equivalently Rewriting the Transformed Governing
Ordinary Differential Equations . . ... .................. 108
7.6 Physical Property Factors . .......................... 108
7.7  Treatment of Variable Physical Properties . . . ............. 109
7.7.1  Models of Temperature-Dependent
Properties of Water. . . ........ ... . ... . ..... 109
7.7.2  Models of Physical Property Factors
of Water. . ... ... . . ... 110
T8 Summary ... ...t e 111
7.9 Remarks....... ... ... 114
References . . . ... .. 114
8 Velocity Fields. . . ....... .. .. .. .. ... .. .. ... .. .. ... ..., 115
8.1 Introduction. ............ ... ... ... 115
8.2  Dependent Variables and Ranges of the Numerical
SOIUtIONS. . . . v ot 116
8.3  Velocity Fields with Variation of Wall Temperature ¢, . . . . . . . 116
831 ForMcyoo =0.. ... 116
832 ForMceyoo =03 ..o 116
833 ForMeyoo =1.. .. 116
834 ForMcyoo =3. ... 122
835 ForMeyoo =10. ... ... 122
8.4  Velocity Fields with Variation of Fluid Bulk Temperature. . . . . 122
841 ForMcyoo =0... .. . 122
842 ForMc,oo =03 ... ... ... ... ... 122
843 ForMcyoo=1.... . ... ... .. .. ... .. 122
844 ForMcyoo =3. .. 122
845 ForMcyoo =10, ... . 128
85 Remarks....... ... . ... 128
9  Skin-Friction Coefficient. . . . . ...... . ... . ... ... . ..... 129
9.1 Introduction. . ........ .. ... .. 129

9.2  Skin-Friction Coefficient . . . . ........ ... . ... . ....... 130


http://dx.doi.org/10.1007/978-3-319-27959-6_7
http://dx.doi.org/10.1007/978-3-319-27959-6_7
http://dx.doi.org/10.1007/978-3-319-27959-6_7
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_7#Bib1
http://dx.doi.org/10.1007/978-3-319-27959-6_8
http://dx.doi.org/10.1007/978-3-319-27959-6_8
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_8#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_9
http://dx.doi.org/10.1007/978-3-319-27959-6_9
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec2

Contents xi

10

11

12

9.3  Numerical Solutions on Skin Velocity Gradient . . . ......... 132
9.4  Variation of Skin Velocity Gradient with Local Prandtl

Number Pry, . . oo oo 134
9.5  Variation of Skin Velocity Gradient with Local Prandtl

Number Prag . o v o oo e e 136
96 Remarks.......... ... . ... . . ... 136
Temperature Fields . . . ...... ... ... ... ... ... ...... 139
10.1 Introduction. .. .. ... ... ... .. ..t 139
10.2 Temperature Field with Variation of Wall Temperature #,,. . . . . 140

102.1 ForMcyoo =0. ... oo 140

1022 ForMcyoo =03 ... i 141

1023 ForMceyoo=1.. .. i 141

1024 ForMceeoo =3. .0 141

1025 ForMcyoo =10 .. ..o oo 142
10.3 Temperature Fields with Variation of Fluid Bulk

TemMPerature fog . . .« v vt e 143

103.1 ForMcyoo =0. ... oo 143

1032 ForMcyoo =03 ... o 143

1033 ForMceyoo =1.. . oo 143

1034 ForMcyoo =3. . oo 144

1035 ForMceyoo =10 .. i 145
104 Remarks......... .. ... . ... . . ... 146
Procedure for Optimal Formalization of Nusselt Number. . . . . . .. 149
11.1 Introduction. ... ... ... ... ..., 149
11.2  Theoretical Equation of Nusselt Number. . ... ............ 150
11.3  Procedure for Optimal Formalization of Nusselt Number. . . . . . 151
114 Remarks . ... ... ... .. 153
A System of Numerical Solutions of Wall Similarity
Temperature Gradient . . . .. ............................ 155
12.1 Introduction. . .......... ... ... ... i 155
12.2  Numerical Solutions of Wall Similarity Temperature

Gradient at Mcyoo =0 .. ... oo o 156
12.3  Numerical Solutions of Wall Similarity Temperature

Gradient at Mc, oo =03 .. ... 157
12.4 Numerical Solutions of Wall Similarity Temperature

Gradient at Mcy oo =0.6 .. ... .. oo 159
12.5 Numerical Solutions of Wall Similarity Temperature

Gradient at Mcy oo =1 ..o oo 161
12.6 Numerical Solutions of Wall Similarity Temperature

Gradient at Mcy oo =3 ..o oo 162

12.7 Numerical Solutions of Wall Similarity Temperature
Gradient at Mcy oo =6 . ..o oo 164


http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_9#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_10
http://dx.doi.org/10.1007/978-3-319-27959-6_10
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_10#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_11
http://dx.doi.org/10.1007/978-3-319-27959-6_11
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_11#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_12
http://dx.doi.org/10.1007/978-3-319-27959-6_12
http://dx.doi.org/10.1007/978-3-319-27959-6_12
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec7

xii

13

14

15

Contents
12.8 Numerical Solutions of Wall Similarity Temperature
Gradient at Mcy oo =10 .. ... 165
129 Remarks . ... ... 167
Effect of Local Prandtl Numbers on Wall Temperature
Gradient . . .. ... ... ... 169
13.1 Introduction. .. ... .. ... ..., 169
13.2  Correlation Equations for the Coefficient a
and Exponent b . . . ... .. ... ... L. 170
1321 ForMcyoo =0. .. .o 170
1322 ForMcyoo =03 ..o 171
1323 ForMcyoo =0.6 .. ... 172
1324 ForMeyoo=1.... . . i i 173
1325 ForMcyo =3. . oo 173
1326 ForMcyoo =6. ... o i 174
1327 ForMcyoo =10, .. ..o 175
133 Remarks .. ... ... ... e 176
Formalized Equations. . . . .. ........ ... ... ... ... ......... 177
14.1 Introduction. . ... ... ... . ...t 177
14.2  Summary of Data for Coefficients a; and b,
as Well as Exponents ay and by. . ... ...... ... ... ..... 178
14.3  Correlation Equations for Coefficients a; and b
as Well as Exponents a, and b, with Local Mixed
Convection Parameter Mcy o . . . . ..o oo 178
14.3.1 For Coefficient a;. . ... ... ... 178
1432 For Exponent as. ............. ... ... ... .... 179
14.3.3 For Coefficient by. . . ... ... i 180
1434 For Exponent by. .. ... ... ... 180
14.4  Summary for Optimal Formalization of Nusselt Number. . . . . . 181
145 Remarks . ... ... ... 183
Verification and Application of Optimal Formalized
Equations ... ........ .. .. .. ... 185
15.1 Introduction. .. .... ... ... ... ..t 185
15.2  Verification Steps of the Formalized Equations . ........... 186
153 Verification . . . ... ... 187
1531 ForMceyoo =0. ... 187
1532 ForMceyoo =03 oo 187
1533 ForMcyoo =06 ... ... 194
1534 ForMceyoo=1.. .. o i 194
1535 ForMcyoo =3, oo 194
153.6 ForMcyoo =6. ... o i 201

1537 ForMcyoo =10 .. ..o i 201


http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_12#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_13
http://dx.doi.org/10.1007/978-3-319-27959-6_13
http://dx.doi.org/10.1007/978-3-319-27959-6_13
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_13#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_14
http://dx.doi.org/10.1007/978-3-319-27959-6_14
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_14#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_15
http://dx.doi.org/10.1007/978-3-319-27959-6_15
http://dx.doi.org/10.1007/978-3-319-27959-6_15
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec1
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec2
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec3
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec4
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec5
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec6
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec7
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec8
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec9
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec10
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec10

Contents Xiii
154 Calculation Example 1 ... ....... ... ... . ... .. .. ..... 204
1541 Question . . ... ...t 204

1542 Solution .. ....... ... 204

15.5 Calculation Example 2 . . ... ... ... ... ... .. ... ... 207
1551 Question . .. ...t e 207

1552 Solution . ....... . 207

15.6 Calculation Example 3 .. ....... ... .. ... .. .. .. ..... 209
15.6.1 Question . .. ....... ittt 209

1562 Solution .. .......... . 210

1577 Remarks .. ... ... 212
Appendix A: Tables with Physical Properties. . . . ... ............. 215


http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec11
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec12
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec13
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec14
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec15
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec16
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec16
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec17
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec17
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec18
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec18
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec19
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec19
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec20
http://dx.doi.org/10.1007/978-3-319-27959-6_15#Sec20

2 Springer
http://www.springer.com/978-3-319-27958-9

Heat Transfer of Laminar Mixed Convection of Liquid
Shang, D.-Y.; Zhong, L.-C.

2016, XV, 226 p. 74 illus., 51 illus, in color., Hardcover
ISBN: 278-3-319-27958-9



	Contents



