
Heat Transfer Final

Heat Exchangers

Rtot ≜
1

UA
⇒ 1

UA
+

1

hcAc
+
R′′

f,c

Ac
+Rw,cond+

R′′
f,h

Ah
+

1

hhAh

(see table 11.1)

ṁhCp,h(Th,i − Th,o) = q = ṁcCp,c(Tc,o − Tc,i)

LMTD

q = UA∆Tlm = UA
∆T2 −∆T1

ln (∆T2/∆T1)

Concentric Parallel Flow

∆T1 ≜ Th,i − Tc,i ∆T2 ≜ Th,o − Tc,o

Concentric Counter Flow

∆T1 ≜ Th,o − Tc,i ∆T2 ≜ Th,i − Tc,o

For the same inlet and outlet temps ∆Tlm⊥ > ∆Tlm∥

NTU

ε ≜
q

qmax
q = εqmax = εCmin(Th,i − Tc,i)

ε = f(NTU,Cr) Cr ≜
Cmin

Cmax
NTU ≜

UA

Cmin

For Cr = 0 (all HE) ⇒ ε = 1− exp(−NTU)

Radiation

• Reflectivity ρ: Fraction of G that is reflected by the
surface

• Absorptivity α: Fraction of G that is absorbed by
the surface

• Transmissivity τ : Fraction of G that is transmitted
by the surface (τ = 0 in this course)

J = E +Gref q′′rad = εσT 4
s − αG

dω = sinθdθdϕ ωhemisphere = 2π [Sr]

Radiative Intensity

Iλ,e(λ, θ, ϕ) =
dq

dA1cosθdωdλ

[
W

m2 · Sr · µm

]
Spectral Heat Rate and Flux

dqλ =
dq

dλ
= Iλ,e(λ, θ, ϕ)cosθsinθdθdϕ

[
W

µm

]

dq′′λ =
dqλ
dA1

= Iλ,e(λ, θ, ϕ)cosθdω

[
W

m2 · µm

]
Spectral and Total Emissive Power

Eλ = q′′λ =

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,e(λ, θ, ϕ)cosθsinθdθdϕ

[
W

m2 · µm

]

E =

∫ ∞

λ=0
Eλdλ = εσT 4

s

[
W

m2

]

E =

∫ ∞

λ=0

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,e(λ, θ, ϕ)cosθsinθdθdϕdλ

If the emitter is diffuse =⇒ Eλ = πIλ,e(λ)

Spectral and Total Irradiation

Gλ =

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,i(λ, θ, ϕ)cosθsinθdθdϕ

[
W

m2 · µm

]

G =

∫ ∞

λ=0

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,i(λ, θ, ϕ)cosθsinθdθdϕdλ

[
W

m2

]
If the surface is diffuse ⇒ Gλ = πIλ,i(λ) and G = πIi

Spectral and Total Radiosity

Jλ =

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,e+r(λ, θ, ϕ)cosθsinθdθdϕ

[
W

m2 · µm

]

J =

∫ ∞

λ=0

∫ 2π

ϕ=0

∫ π/2

θ=0
Iλ,e+r(λ, θ, ϕ)cosθsinθdθdϕdλ

[
W

m2

]
If the reflector and emitter are diffuse

⇒ Jλ = πIλ,e+r(λ)
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Blackbody

• Absorbs all incident radiation

• No surface can emit more energy than a blackbody
for a prescribed temperature and wavelength

• Blackbody emission = f(λ, T ) and ̸= f(θ, ϕ)

Iλ,b(λ, T ) =
2hc2o

λ5[exp(hco/λkBT )−1]

[
W

m2 · Sr · µm

]
Where:
h = 6.626× 10−34 [Js] = Planck’s Const.
kB = 1.581× 10−23 [J/K] = Boltzman’s Const.
co = 2.998× 108 [m/s] = Speed of light
T = problem subject [K] = Temperature

Eb =

∫ ∞

λ=0
Eλ,bdλ = σT 4 Ib =

Eb

π
=

σT 4

π

Wien’s Law λmaxT = 2898µmK

Band Emission

F0−>λ =

∫ λ
0 Eλ,bdλ∫∞
0 Eλ,bdλ

Tabulated, see table 12.2

Radiative Properties

Spectral Directional Emissivity

ελ,θ(λ, θ, ϕ, T ) =
Iλ,e(λ, θ, ϕ, T )

Iλ,b(λ, T )

Spectral Emissivity

ελ =
Eλ

Eλ,b
=

∫ 2π
ϕ=0

∫ π/2
θ=0 Iλ,e(λ, θ, ϕ)cosθsinθdθdϕ∫ 2π

ϕ=0

∫ π/2
θ=0 Iλ,b(λ, θ, ϕ)cosθsinθdθdϕ

Total Emissivity

ε =

∫∞
0 ελ,bEλ,bdλ∫∞

0 Eλ,bdλ
=

∫∞
0 ελ,bEλ,bdλ

Eb

Spectral Directional Absorptivity

αλ,θ(λ, θ, ϕ) =
Iλ,i,abs(λ, θ, ϕ)

Iλ,i(λ, θ, ϕ)

Spectral Absorptivity

αλ(λ) =
Gλ,abs(λ)

Gλ(λ)
=

∫ 2π
ϕ=0

∫ π/2
θ=0 αλ,θIλ,i,abscosθsinθdθdϕ∫ 2π

ϕ=0

∫ π/2
θ=0 Iλ,i,abscosθsinθdθdϕ

Diffuse Irradiation

α(λ, T ) =
1

π

∫ 2π

ϕ=0

∫ π/2

θ=0
α(λ, θ)cosθsinθdθdϕ

If the surface is diffuse =⇒ αλ = αλ,θ

Total Absorptivity

α =
Gabs

G
=

∫∞
0 αλ(λ)Gλ(λ)dλ∫∞

0 Gλ(λ)dλ

Kirchhoff’s Law

Always ⇒ ελ,θ = αλ,θ

if (diffuse irradiation OR diffuse surface) ⇒ ελ = αλ

if (G is blackbody OR surface is GREY) ⇒ ε = α
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