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Eng6901 - Formula Sheet 3 (December 1, 2015) 1
 1 Conduction Heat Transfer
 1.1 Cartesian Co-ordinates
 qx = q′′xAx = −kAxdT
 dxRth =
 L
 kA
 ∂2T
 ∂x2+∂2T
 ∂y2+∂2T
 ∂z2+q
 k=
 1
 α
 ∂T
 ∂t
 T (x) plane wall of thickness 2L, x = 0 at centerline, Ts,1 at x = −L, Ts,2 at x = L, steady state,1D, uniform source and properties:
 T (x) =qL2
 2k
 (1 −
 (x
 L
 )2)
 +
 (Ts,2 − Ts,1
 2
 )x
 L+Ts,1 + Ts,2
 2
 1.2 Polar-Cylindrical Co-ordinates
 qr = −k2πrLdT
 drRth =
 ln(r2/r1)
 2πkL
 ∂2T
 ∂r2+
 1
 r
 ∂T
 ∂r+
 1
 r2∂2T
 ∂θ2+∂2T
 ∂z2+q
 k=
 1
 α
 ∂T
 ∂t
 T (r) in pipe wall (r2 > r1), Ts,1 at r1, Ts,2 at r2, 1D radial, steady state, no source, uniformproperties:
 T (r) =Ts,1 − Ts,2ln(r1/r2)
 ln
 (r
 r2
 )+ Ts,2
 T (r) solid rod of radius ro, Ts at ro, 1D radial, steady state, uniform source and properties:
 T (r) =qr2o4k
 (1 −
 (r
 ro
 )2)
 + Ts
 1.3 Spherical Co-ordinates
 qr = −k4πr2dT
 drRth =
 1
 4πk
 (1
 r1− 1
 r2
 )1
 r2∂
 ∂r
 (r2∂T
 ∂r
 )+
 1
 r2 sin θ
 ∂
 ∂θ
 (sin θ
 ∂T
 ∂θ
 )+
 1
 r2 sin2 θ
 ∂2T
 ∂φ2+q
 k=
 1
 α
 ∂T
 ∂t
 2 Convection Heat Transfer
 q = hAsurf (Ts − T∞) Rth =1
 hAsurf
 3 Radiation Heat Transfer
 qrad = FGεσAsurf (T 41 − T 4
 2 ) hr = εσ(Ts + Tsur)(T2s + T 2
 sur) Rth =1
 hrAsurf
 σ = 5.67 × 10−8 W/m2·K4

Page 2
                        

Eng6901 - Formula Sheet 3 (December 1, 2015) 2
 4 Fins
 θx = Tx − T∞ m =
 √hP
 kAcηf =
 qfqmax
 =qf
 hAfθbqf = ηfhAfθb
 4.1 Case A: Convection Heat Loss from the Tip of the Fin
 θ
 θb=
 cosh(m(L− x)) + (h/mk) sinh(m(L− x))
 cosh(mL) + (h/mk) sinh(mL)qf =
 √hPkAc θb
 sinh(mL) + (h/mk) cosh(mL)
 cosh(mL) + (h/mk) sinh(mL)
 ηf =1
 mL
 [sinh(mL) + (h/mk) cosh(mL)
 cosh(mL) + (h/mk) sinh(mL)
 ]
 4.2 Case B: Insulated Tip
 θ
 θb=
 cosh(m(L− x))
 cosh(mL)qf =
 √hPkAc θb tanh(mL) ηf =
 tanh(mL)
 mL
 4.3 Case C: Specified Tip Temperature
 θ
 θb=
 (θL/θb) sinh(mx) + sinh(m(L− x))
 sinh(mL)qf =
 √hPkAc θb
 cosh(mL) − θL/θbsinh(mL)
 4.4 Case D: Very Long (or Infinite) Fin
 θ
 θb= e−mx qf =
 √hPkAc θb ηf =
 1
 mL
 4.5 Case B Approximation of Case A
 ηf =tanh(mLc)
 mLcLc = L+Atip/P Af = PLc tanh(x) =
 ex − e−x
 ex + e−x
 4.6 Fin Resistance
 qf = ηfhAfθb =θbRt,f
 Rt,f =1
 ηfhAf
 5 Contact Resistance
 Rt,c =1
 hcAcontact=
 R′′t,cAcontact
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 6 Forced Convection - Flat Plate
 6.1 Parameters
 Nux =hxx
 kNuL =
 hLL
 kRex =
 ρu∞x
 µReL =
 ρu∞L
 µReD =
 ρu∞D
 µPr =
 µcpk
 6.2 Laminar Boundary Layer (ReL ≤ 5× 105)
 Ts = constant:Cf,x = 0.664Re−1/2x Cf = 1.328Re
 −1/2L
 Nux = 0.332Re1/2x Pr1/3 NuL = 0.664Re1/2L Pr1/3 Pr ≥ 0.6
 Heating starts ξ from the leading edge:
 Nux = 0.332Re1/2x Pr1/3[1 −
 (ξ
 x
 )3/4]−1/3
 q′′s = constant:
 Nux = 0.453Re1/2x Pr1/3 NuL = 0.680Re1/2L Pr1/3 Pr ≥ 0.6
 q′′s =3
 2hL(Ts − T∞)
 6.3 Turbulent Boundary Layer
 Ts = constant:
 Cf,x = 0.0592Re−1/5x Nux = 0.0296Re4/5x Pr1/3 0.6 < Pr < 60, Rex < 108
 Heating starts ξ from the leading edge:
 Nux = 0.0296Re4/5x Pr1/3[1 − (ξ/x)9/10]−1/9 0.6 < Pr < 60, Rex < 108
 q′′s = constant:Nux = 0.0308Re4/5x Pr1/3 0.6 ≤ Pr ≤ 60
 6.4 Mixed Boundary Layer Conditions
 NuL = (0.037Re4/5L −A)Pr1/3 A = 0.037Re4/5x,c − 0.664Re1/2x,c
 When Rex,c = 5 × 105:
 NuL = (0.037Re4/5L −871)Pr1/3 Cf =
 0.074
 Re1/5L
 −1742
 ReL0.6 < Pr < 60, 5×105 < ReL ≤ 108
 Completely turbulent boundary layer:
 NuL = 0.037Re4/5L Pr1/3 Cf = 0.074Re
 −1/5L
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 7 Forced Convection - Flow over Cylinders and Spheres
 7.1 Parameters
 NuD =hD
 kReD =
 ρu∞D
 µ
 7.2 Flow over Cylinders
 NuD = CRemDPr1/3 Pr ≥ 0.6
 Table 7.2: Constants for Circular Cylinders in Cross Flow
 ReD C m
 0.4 - 4 0.989 0.330
 4 - 40 0.911 0.385
 40 - 4000 0.683 0.466
 4000 - 40,000 0.193 0.618
 40,000 - 400,000 0.027 0.805
 Table 7.3: Constants for Non-Circular Cylinders in Cross Flow of a Gas
 7.3 Flow over Spheres
 NuD = 2 + (0.4Re1/2D + 0.06Re
 2/3D )Pr0.4
 (µ
 µs
 )1/4
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 8 Forced Convection - Internal Flows
 8.1 Parameters
 NuD =hD
 kNuD =
 hD
 kReD =
 ρumD
 µ
 8.2 Energy Balance
 Ts = constant:
 qconv = mcp(Tm,o−Tm,i) = UA∆Tlm ∆Tlm =(Ts − Tm,o) − (Ts − Tm,i)
 ln [(Ts − Tm,o)/(Ts − Tm,i)]UA =
 1
 ΣRth
 Tm,o = Ts − (Ts − Tm,i) exp
 (− UA
 mcp
 )q′′s =const:
 Tm(x) = Tm,i +q′′sP
 mcpx
 8.3 Laminar Flow (ReD < 2300)
 Fully Developed:
 NuD = 4.36 q′′s = const NuD = 3.66 Ts = const
 Entry Region (L/D < 0.05ReDPr, constant Ts)
 NuD = 1.86
 (ReDPr
 L/D
 )1/3 ( µµs
 )0.14
 8.4 Turbulent Flow (ReD > 2300)
 Fully Developed (L/D ≥ 10, constant Ts or q′′s ):
 NuD = 0.023Re4/5D Prn n = 0.4, Ts > Tm n = 0.3, Ts < Tm
 Entry Region (L/D < 10, constant Ts or q′′s ):
 NuD = 0.036Re4/5D Pr1/3
 (D
 L
 )0.055
 8.5 Flows in Noncircular Tubes
 Replace D in all parameters with the hydraulic diameter, DH , where Ac is the cross-sectional areaof the tube, and P is the wetted perimeter:
 DH =4Ac
 P
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 9 Radiation
 9.1 Parameters and Properties
 α+ ρ+ τ = 1 α = ε Eb = σT 4
 σ = 5.67 × 10−8 W/m2·K4
 9.2 Shape Factor Algebra
 AiFij = AjFji
 n∑j=1
 Fij = 1 Fi−j,k = Fij + Fik
 9.3 Radiation Resistance
 Rsurface =1 − ε
 εARspace =
 1
 AiFij
 9.4 Radiation Heat Transfer Rates
 Rate of heat transfer leaving gray surface 1:
 q1 =Eb1 − J1Rsurface
 Rsurface =1 − ε1ε1A1
 Rate of heat transfer from gray surface 1 to gray surface 2:
 q12 =J1 − J2Rspace
 Rspace =1
 A1F12=
 1
 A2F21
 Rate of heat transfer between black bodies 1 and 2:
 q12 =Eb1 − Eb2
 RspaceRspace =
 1
 A1F12=
 1
 A2F21
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 10 Figures and Tables
 10.1 Fin Efficiency
 Figure 3.18: Efficiency of straight fins (rectangular, triangular, and parabolic profiles).
 Figure 3.19: Efficiency of annular fins of rectangular profile.
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 10.2 Radiation Shape Factors
 Table 13.1: Shape Factors for Two-Dimensional Geometries
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 Table 13.1 (cont’d.): Shape Factors for Two-Dimensional Geometries
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 Table 13.2: Shape Factors for Three-Dimensional Geometries
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 Figure 13.4: Shape Factor for aligned parallel rectangles.
 Figure 13.5: Shape factor for coaxial parallel disks.
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 Figure 13.6: Shape factor for perpendicular rectangles with a common edge.
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