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Thermal Contact Resistance
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(a) 1deal (perfect) thermal contact (b) Actual (imperfect) thermal contact

Temperature distribution and heat flow lines along two solid plates

pressed against each other for the case of perfect and imperfect contact
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Consider heat transfer through two metal rods of cross-sectional area A that
are pressed against each other. Heat transfer through the interface of these two
rods is the sum of the heat transfers through the solid contact spots and the
gaps in the noncontact areas and can be expressed as

Q = Qcontact + Q gap

Q = hCAATint erface

where A is the apparent interface area (which is the same as the cross-
sectional area of the rods) and AT, ... IS the effective temperature
difference at the interface. The quantity h,, which corresponds to the
convection heat transfer coefficient, is called the thermal contact
conductance and is expressed as

G /a (W/m2°C)

AT int erface

C f

It is related to thermal contact resistance by

R . - 1 ATint erface (m2°C/W)

LA




Thermal contact conductance

for aluminum plates with different
fluids at the interface for a surface
roughness of 10 wm and interface
pressure of 1 atm (from Fried,

Ref. &)

Contact
Fluid at the Conductance, f_,
Interface W/m# - =C

Alr 3640
Helium 9520
Hydrogen 13,900
silicone ol 19,000
Glycerin 37,700
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Importance of consideration

_ L 0.01 m

. i L= — = - = .25 m2 - “C/W
Re.insutation = 3 = G50 Wim o0 O30 W TUW

_L__ 00lm __ S
Re,coppsr = T = 352 wrim —7C = 0-000026 m? - °C/W

The thermal contact resistance range:

between 0.000005 and 0.0005 m2-°C/W



Two parallel layers

Insulation
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Combined series-parallel

Insulation
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Series and parallel composite wall and its thermal circuit
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where U is the overall heat transfer coefficient

UA = 1
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Complex multi-dimensional problems as 1-D problems

1. Any plane wall normal to the x-axis is isothermal

2. Any plane parallel to x-axis is adiabatic

Foam Plaster
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Heat conduction in cylinder

. dT
Qcond,cyl = _kAW A = 2nrnrL

Q
J‘I’z COXI,CyI dr = _'[12:-[_1 de

r=n

Substituting A = 2xrL and performing the integrations give

. T -T .
Qcond eyl = 2nLK G, /n) Qeond ¢yl =constant at steady state
. T -T)
Q cond oyl = R (W)
cyl
_ In(ry /17) _ In(outer radius/inner radius)
oyl 2nlLk 2nt(length)(thermal conductivity)
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Heat conduction 1n sphere

: -1
Q cond ,sphere — R—
For sphere sph
- _ outer radius - inner radius
sph — AT,k 4r(outer radius)(inner radius)(thermal conductivity)
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Resistance Network

Riotal = Rconv 1+ Reond + Reconv 2

_ 1 N ""('rz/rl)Jr 1
~ (2nnL)hy 2Lk (2nryL)h,

Ritotal = Reconv,1+ Rgph + Reonv 2

1 rh —n 1
Hb:-mJ_Rc-:-m-l+Rc:ﬂ+Hmn'r.2 (475!‘12)’11 4nrrpk (4nr22)h2

The thermal resistance network for a cylindrical (or
spherical) shell subjected to convection from
both the inner and the outer sides.
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Multilayered cylinder

I, I, 1y T,
Ty e——AAAMAAS AAAN ~AWWAANV———AW——AWWWW— T,
Hl,:l.l"'l, | lRl:"’,l R:.Tl_.: Hl’!’l_} Rr_,:ﬁi-.:

Riotal = Reconv1+Reyig+tReyi2+Reyi 3+ Reony 2

1, In(a/n) In(g/rp) In(ra/rs) 1
hlAl 27'C|_k1 27'C|_k2 27'C|_k3 h2A4
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Radial heat conduction through cylindrical systems

10 ory 1 ¢ or)y of(, o) . oT
——| kir +— K.r + K. +g=pC—
ror o) r°op op) oz\ oz ot

Integrating the above equation twice, T=C,Inr + C, \ r/;‘/

Subject to the boundary conditions, T=T, atr=r,and T=T, atr=r, ~_ ~

T,-T Tylnry—=TylInr
T=-2"T1h()y N2 =720
In[r2 ] In[r2 j
" 51
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Q=KAo =—k2m L2

Q = —k.27'Er1L.(T2 _Tl)'

_ 2nkL(Ty - T))

G
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Critical Radius of Insulation

. Steady state conditions

. One-dimensional heat flow only in Insulation
the radial direction
T.,h
. Negligible thermal resistance due to _
2 Thin wall

cylinder wall

. Negligible radiation exchange
between outer surface of insulation
and surroundings
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Critical Radius of Insulation

 Practically, it turns out that adding insulation in cylindrical and spherical
exposed walls can initially cause the thermal resistance to decrease, thereby
Increasing the heat transfer rate because the outside area for convection
heat transfer is getting larger. At some critical thickness, r.,, the thermal
resistance increases again and consequently the heat transfer is reduced.

« To find an expression for r,, consider the thermal circuit below for an
insulated cylindrical wall with thermal conductivity k:

Q T, T, T.
Insulation ( ) 1
In(ro /r
Ik 22/ 1 .
nk nrp

Thin wall \_ J

Y

R/
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Insulation

An insulated cylindrical pipe exposed
to convection from the outer surface
and the thermal resistance network
associated with it.
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To find r_, set the overall thermal resistance dR,’/dr = 0 and
solve forr:

In(r'r) 1
Ri = V4 = i
t= ok Togp i INNEr radius
dR} 1 1
= — = O
dr  2nkr 2xrh
r=rgr = E Similarly for a sphere lor = %

For insulation thickness less that r . the heat loss increases
with increasing r and for insulation thickness greater that
r.. the heat loss decreases with increasing r

If k =0.03 W/(m-K) and h = 10 W/(m?-K):
— cylinder ry = K_ O'OBW/(TK) =0.003m = 3mm
h  10W/(m*-K)
2k

h

— sphere g = — =6mm



Insuls lunn

+
27'Cr2h

é_Too _Ti

Heat transfer per unit length

—
V)

Optimum thickness is associated with ry thota| ~0
dr,

1 1 0 K
27ckr2 2nrzh rp = h

-of ry, h and k are constant

To see the condition maximizes or
minimizes the total resistance

d°R total 1 1
2 2"
drz 27Ck|’2 (1'1§) h
At r,=k/h

d°R oa] 1 (1 1 1
2 2\ % ok )53z 0
dr,?  alk/n)?\k 2k) 2nk3/h

Always positive, total resistance
at k/h is minimum

k
ler,cylinder = n (m)
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Insulation

- L}IIILD'. ________

{'}tﬂﬁ.‘ — = =

K .. . 0
for,max = max, insulation_ 0.0S(W/m C)z 0.01m =1cm

N min 5W/m2°C) 0

We can insulate hot water pipes and steam lines without
worrying the critical radius of insulation

Insulation of electric wires:

-Radius of electric wires may be smaller than the critical radius

-Addition of insulation material increases heat transfer

2k
Critical radius of insulation for spherical shell: fer sphere =~



Summary
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tn the heat equation with no generation

Plane Wall Cylindrical Wall® Spherical WallF
Heat equation ‘FTff} li{r‘ﬂ\fi} | d(":ﬂ\:{}
dx’ rdr\" dr) P2dr\’ dr)
y 1 = (r/r) _
Temperature X 74 apinlAn) T — AT[-—‘—
distribution Tu— AT 2 ey " | = (ri/ry).
Heat flux (¢") (AT __kAT kAT
L rin (ry/ry) rA[(1r) = (1/ry)]
AT 2mwlk AT dmk AT
Heat rat e 2wlk AT
eat rate (4) kAT In(r/r,) (/ry) = (1ry)
Thermal _L__ In(rs/r)) (_I f£|__ ( ”J":}
resistance (R, ,,..) kA 2Lk 4k
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1D Conduction with Heat
(Generation
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The Plane Wall

9

T(X): —EXZ +C,x+C,

Boundary conditions:

T (_ L): Ts,l
T(L)=T,,
. 2
T(x)=% (1 -2
PTalukdarMech T~ 2 K L
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T (x) = q2k [l_L_Zj+TS Tt
PPt
, : : T .h
The maximum temperature exists
L2
TO)=T, =247
2k
If the surface temperature of the heat generating body is
unknown and the surrounding fluid temperature is T.,
dT Find temperature gradient
Using energy balance  —K & e =h(T,-T,) , from the above Eq. atx =L

gL
We can obtain the surface temperature TS = TOO +—
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Radial Systems

1 d (rde+g=O

rdr dr ) k
I
rdi:_qr +C,
dr 2k
ir
T(r):—4k +C,Inr+C,

Boundary conditions:

dT T(r,)=T,
d—|r=0: 0
r
qr,’
C1:O C2:TS+ 4;
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Cold fluid
T.,h

Conduction in a solid cylinder with uniform heat
generation.

° 5 5
qr r
T(ry=—"""|1—-— |+T
(r) 4k[ rzj+s

0]

q(ITr2L)= h(2mr,L)(T, - T,)

T, =T, + o
2h



