
Heat Transfer Exam II
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External Flow: Flat Plate
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Turbulent Boundary Layer
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External Flow: Cylinder

Recritical = ρ
u∞D

µ
=

u∞D

ν
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θlam ≈ 80 deg θturb ≈ 140 deg

Pr ≥ 0.7 =⇒ NuD =
hD

kf
= CRemDPr1/3

External Flow: Sphere
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3.5 ≤ ReD ≤ 7.6× 104

1.0 ≤ µ/µs ≤ 3.2

All properties evaluated at T∞, except µs is at Ts

Internal Flow: Circular
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ν
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In fully developed region, u ̸= f(x), h ̸= f(x)
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Reynolds Number

if ReD ≤ 2300,

eval @ Tm ⇒

{
q′′s = const ⇒ NuD = hD

kf
= 4.36

Ts = const ⇒ NuD = hD
kf

= 3.66

else
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ReD ≥ 10, 000
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Constant Uniform q′′s

qconv = q′′sPL Tm(x) = Tm,i +
P

ṁcp
q′′sx

Constant Uniform Ts

qconv = ṁcp(Tm,o − Tm,i) = ṁcp(∆Ti −∆To)

∆Ti ≜ Ts − Tm,i ∆To ≜ Ts − Tm,o

∆Tlm ≜
∆To −∆Ti

ln(∆To/∆Ti)
qconv = hAs∆Tlm

Constant Uniform T∞

∆To
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=

T∞ − Tm,o

T∞ − Tm,i
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(
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)
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1
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Internal Flow: Non-Circular

Tm =
1

ṁcp

∫
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Dh =
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P
ReD =

ρumDh

µ

if ReD ≤ 2300,

else

Use the correlation listed under the Reynolds Number
subsection.
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