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HEAT TRANSFER — SUMMARY

Heat flows from higher temperature to lower temperature.

£

Modes of Heat Transfer:

l

=l

@ CONDUCTION

Heat transfer through a
solid or stationary medium

due to temperature 3radi¢nt

Fourier's Law:

9x =

dT
kAE

For plane wall (1-D, steady):

@) Convection

Heat transfer between a
Surface and a moving Fluid..
(involves conduction +
Fluid motion)

ool b

7 Z

Newton's Law of Cooling:

(3) RADIATION b

Heat transfer by elecfromagnd‘ic

waves. Does not require a

medium.

2% ad

AAr>
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Stefan-Boltzmann Law:

(4= conr-Td) |0

0 = Stefan-Boltzmann constant
= 5.67x107% W/m*-K*

=h(T-T. 2z
i bR, (T =Te) )| ¢ o cmissvity (02 €21
Ge =T : Yy
=) 2
h = convective heat transfer _}; = area (m?)
k= thermal conductivity (W) coefficient (W/m* - K) & gt *:’"”“:*“" i’i (
= S i
A = area normal to heat flow () = Sur{acc temperature (K) £ T T 9
L = thickness (m) To = flid bulk temperature (K) ’;" e ’“?‘»é:"/f““'fmy surfaces
ﬂCIﬂj each other:
Z; = temperature gradient (K/m) | | Note: b depends on fluid propertes GA(T =T
flow condition, and geometry. R B ST RN (W)
G
o
OVERAULE IEATATRANSFER - it o e PP i B T DS Tl e i
R, R R o Conduction (plane wall): Repy= L o Heat flows from high T
T i n T kA to low T.
: %o Convection (surface): Reopy EN o Conduction: through solids
hA or stationary media.

o

Rbhl

4=

R = Thermal resistance (K/w)

Remember :

W) Rou=3SRi

1K=1°C (temperature difference)
Always check: mode, geometry, properties, and boundary conditions !

o Radiation (surface to large

Surroundings, lineari zed):

Rud = hi_A , where h, = 450’7:
r

Ton = mean absolute temperature (K)

o Convection: between surface
and moving fluid.

* Radiation: by electromagnetic
waves.

o Units of heat transfer rate: W
(or W/m* for heat flux).




ExTENDED SURFACES (FINS) — SUMMARY

Extended surfaces (fins) increase heat transfer between a

by increasing the surface area.

surface and a fluid

1) WHAT IS A FIN?

A fin (extended surface) is a projection

from a surface that increases heat
transfer to the surrounding Fluid by
increasing the area. available .

’ hy T
i

Vbl

in

2) Fin EFFiciency (n,)

3) Fin EFFecTiveness ()

Effectiveness of a fin
compared. to the same area
at the base temperature T, .

qfin

S R

(including sides and tip)
0<n <1

Ap = total surface area of fin

How! much @ fin increases. heat

transfer compared to no fin.

e Gfin
f kA (T -Ta)

Ay = base areai/of the fin

£ >4 (beneficial fin)

3) COoMMON FIN TYPES (ONE-DIMENSIONAL, CONSTANT CROSS-SECTION)

44in = VhPKA, (T‘,-T..)hnh(mL)‘

P = perimeter, A, = cross-sectional area
k = thermal conductivity

sinh(mL) + B cosh
mk

Ggia = VRPKA, (T,-T.)

cosh(mL) + ﬁmm)

) G = VRPKA, (T;-T.)

when L o0, q,-.o)

{ Notes: «

(e

Fins are most effective when k

s high, h is high, and the fin is long.

* Adding many fins increases total heat transfer, even if each fin has low efficiency. |_

ﬁa( heat transfer with fins
Quutat = hA(T,-T) + 27 Gin ]
e A A A

EXTERNAL CONVECTIVE HEAT TRANSFER — SUMMARY

y

@i‘f transfer between a solid surface and a moving fluid (air or liquid) over the surface.

1) KEY RELATION

h = convective heat transfer coefficient (W/m*-K)

(105 % oy ()
T, = surface temperature (K)
Too = free-stream fluid temperature (K)

4) FLow ReGIMES OVER A FLAT PLATE

—_—
I

5) FACTORS AFFECTING h

« Fluid properties (K, p, p, ¢5)

+ Flow velocity (higher Ve = higher h)
* Surface geometry and size (L)

* Flow regime (laminar < turbulent)

o Surface roughness

2) IMPORTANT DIMENSIONLESS NUMBERS

3) ComMON COoRRELATIONS (OVER FLAT PLATE)

Regrolds mumber:  Rey = 2=t
(inertia. / viscous forces)
c
Prandtl pumber:  Pr = “2&

k
(momentum / thermal diffusivity)

(dimensionless heat transfer)

Nusselt number :

Transition location |

= 5x10° |

6) TyPicAL h VALUes (AIR, 1atm)
2-25 W/m'K

« Natural convection:
+ Forced conveckion (air)
- Low velocity (1-5mfs): 10 - 50
- High velocity (10-30 m/s): 50 - 200
« Gases: 5-200 W/m-K
* Liquids (water): 100 - 10,000 +

{

(a) Laminar flow  (Re, < 5x10°)
+ Local Nusselt number:

uy = 0.332 Re,* P2

I

+ Average over length L :

Nu, = 0.664 Re/* Pr**| =,

(b) Turbulent flow (Re, > 5x10%)
+ Average over length L (including transition) :

Na, = 0.037Re* Pc*| =k, = % Na,
Vo = free-stream velocity, L = characteristic length

(plate length in flow direction)

Correlations depend on geometry, flow regime,

surface roughness, and fluid properties.




ONE-DIMENSIONAL HEAT TRANSFER BY CONDUCTION — SUMMARY

1) PLANE WALL i

GOVERNING EQUATION

TEMPERATURE  DISTRIBUTION

L-T

HeAT Frux (FouRIer’s LAw)

IT -k 4L (w/m’)—l

HEAT TRANSFER RATE |

SR

[Q-M ka I

L-T

=k

THERMAL RESISTANCE ForM

Steady-state heat transfer through o homogencous wall with constant thermal
conductivity and no internal heat generation.

2) CYLINDRICAL WALL

T

atr=r,

GOVERNING EQUATION (STEADY STATE)

(r

1 d

dar

rodr

'
1
i
1
|
|
|
|
|
1
|
|
|
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3) SPHERICAL WALL

(GOVERNING EQUATION (STEADY STATE)

1 d lﬁ)_
E ik (r T

TEMPERATURE DISTRIBUTION

(3

Heat Frux (RADIAL DIRECTION)

4
5

T() = Ty + (T =To) —%
(%

Hear Frux (RADIAL DIRECTION)

L-T

5 &
‘Q = s Remd= 7y (K/W)]
where |
k = thermal conductivity (W/m-K) |
A = cross-sectional area (m?)
L = thickness (m)

Reond

|
]

= inner radius (m)

L]

| ry = outer radius (m)

| L = length of cylinder (m)

BounDARY CONDITIONS

k = thermal conductivity (W/m-K)

BounDARY CONDITIONS

T() =T, T(L)=T,

Trn)=T, T(p)=T

l}
i
1 o - S S L S R
dr ,b‘(:_:) i = Ve ,z(!_i /m
| N
Hear Transeer RaTe } HEAT TRANSFER RATE
h T-T, I T 5
Q = 2mkL (E) (W) f F= ) (w)]
n | Tof N1
THERMAL RESISTANCE ForM 1 THERMAL vcE_Form
r {
ATy L"(?.") il e ey S Gl T8
e nds i a e ORI TRET SRy R
v, | where

= inner radius (m)
ol = olebar | adisis (%)

n

|k = thermal conductivity (W/m-K)

BounpaRY CoNDITIONS

T(n)=T, T(r)=T

Key_Ponts

o Temperature varies linearly across
the wall.

o Heat flux is constant throughout the
wall.

o Thicker wall (large L) > smaller Q.
.m,h.,kwt..,uA-.l.,,"é.)

Key_PoinTs

o Temperature varies logarithmically with r.

* Heat flux decreases as r increases (inversely
proportional. to r).

© Q increases with length L and k.

o Larger radius ratio (ru/r;) ~ larger thermal
resistance .

Key PoinTs

o Temperature varies with 1/r.

 Heat flux decreases with 1/r?.

o Q increases with k and with product r;r,.

o Smaller wall thickness (ry =r;) =
smaller thermal resistance.

COMPARISON OF KEY RESULTS
= = GENERAL ASSUMPTIONS
Geometry Temperature Distribution | Heat Transfer Rate Q | Thermal Resistance Repny | Heat Flux Variation RIS Sannlat
T T, Ty o Steady-state
Plane wall Linear in x kA 42 i Constant © One-dimensional conduction
b i, T - In(ro/r;) 1 o Homogeneous material. (constant k)
Cylindrical wall | Logarithmic in r 2mkL b_'(r./::) e o« — o) N bl ok gl
5 3 p -T,) T 1 @ Perfect thermal contact at surfaces
4 Ve nr A o - 1y .
Spherical. wall | Varies with 1/r 4mk - e L=
conditions = compute Q or T. ) o

Gemmbﬂ: Tdentify geometry first = choose correct equation —> apply boundary




TINTERNAL ConvECTIVE HEeaT TRANSFER — SUMMARY

Heat transfer between a fluid and the internal surface of a duct, pipe, or channel.

1) Key REeLATION 2) DIMENSIONLESS NUMBERS

3) Fiow Resimes

R wmber :
Q -7 eynolds number

h; = internal convective heat
transfer coefficient (W/m?-K)

A, = internal surface area (m?)

T, = wall (surface) temperature (K)

Ty = bulk mean fluid temperature (K)

D, = hydraulic
diameter

Prandtl number

Nusselt number (based on Dy ):
Bulk mean temperature :
S uT dA
udA
a Dyl hidemil [ dimmebac = S0
(u = local velocity) P
A. = flow area, P = wetted perimeter
k = thermal conductivity of fluid (W/m-K)

Ty =

5) HyprauLic DIAMETER For Common DucTs

Non-circular

(general)

Circular tube | Rectangular duct Annulus

Y

6) Heat Transrer COEFFICIENT

Nu k ,l' Use appropriate correlation to | | Tin Bulk temperature
i changes along. the
Dy “ d Nu, then compute h, ) DL il T o

to heat transfer.

Laminar flow: | Re < 2300
Transition : 2300 < Re < 10*
Turkulant flow

4) IMPORTANT CORRELATIONS

(a) Laminar flow
o Fully developed, constant wall temperature :

- Circular tube: Nu = 3.66

- Non-circular duct (high aspect ratio) :

Nu = 4.36

o Fully developed, constant heat flux:

= Circular tube: Nu = 4.36

o Entrance region (laminar):

Nux = 1.86 (Re Pr 20 )¥*
(b) Turbulent flow (Dittus - Boelter equation)
] n= 04 (heating)
o L
(c) Turbulent flow (Gnielinski equation)
(£/8) (Re - 1000) Pr
Nu = 1/2 2/
1+1 /8)** (Pr*/* - 1)

f= Dm: friction factor (from Moody chart)

HeAT EXCHANGERS — SUMMARY

Devices used to transfer heat between two fluids at different

temperatures

Fluids are separated by a solid wall (direct contact is avoided).

1) Basic Enercy BALAncE 3) Frow ARRANGEMENTS
Steady s.h& ("T heat f-s‘)' (a) Parallel flow ThTD:
Q= Q. Thin [ —— et

QA =y Cop (Tu.,.,. ’Tn,ue) R ————— Teoout
Gestivecy JTens ST RIS 07 R0

2) OveraLL HEAT TRANSFER COEFFICIENT T
Q = UAAT,, . =

U = overall heat transfer coefficient (W/m*-K)

ATy = Toin - Tein

ATy = Thoie = et

5) Common HEAT EXCHANGER TyPes
* Double pipe (concentric)

=

| o Shell and tube

A=t e e e () (c) Cross flow (one fluid unmixed)
ATy = log mean temperature difference (K)
i Toin VLl [ Use corection factor
T, - AT - y
"7 in(aT,/8T) T -7 T | ATt = P AT e
AT, = Topn = Tore R 0'< Fix 4\ (from charts)
AT = Thoie = Tein
4) ErrecTiveness - NTU METHOD (any configuration)
Effectiveness: [ 5 Number of transfer units: Capacity rate
o Qut o e e
) [ NTU = éL
Coin

Coin = min (G4, C) ) Coux = max(Gh,C) , Cr =

6) DesiGn STeps (Summary)

1. Specify knowns and required Q.

2. Choose exchanger type & arrangement.

3. Estimate U, calculate A using Q = UAAT,,
or NTU-effectiveness method

4. Check pressure drop and adjust if needed.

From charts/tables: € = f(NTU,C,, configuration) 5. Finalize design.
Then Quctuat * € Qoax 1 Qs * Coin (Toin = Tein)

Remember Choose_propercorrelations, correct praperties (at bulk temparatare), and check flow regime! | f¢




