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4.5B Heat transfer coefficient
for laminar flow inside a pipe

Sieder and Tate eqn (Re<2100)

Nu= 1.2 _j g6(Repr 2y oy
k L n,

D: pipe diameter [m]

L: pipelength[m]

4, : viscosity at bulk avg temp.[Pas]

U, viscosity at the wall temp.

C,: heat capacity [J/kg K]

K: thermal conductivity [W/mK]

h : avg heat transfer coeff. [W/m’ K]
HESdXe M2 2250 "X*(ywﬂl OI)
q=hAAT =h A W_Tbi)_;(Tw_Tbo)
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4.5C Heat transfer coefficient [+
- . - g Dt O 2t
for turbulent flow inside a pipe

= Re>6000, 0.7<Pr<1600, L/D>60

— hD —0.027Re"® Prl/S(& 0.14

Hy
h : heat transfer coeff. based on the log mean driving force

ATlm (AT1 =T _Tbi9 ATz :Tw_Tbo)[\N/mz K]
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EXAMPLE 4.5-1. Heating of Air in Turbulent Flow

Air at 206.8 kPa and an average of 477.6 K is being heated as it flows through a
tube of 25.4 mm inside diameter at a velocity of 7.62 m/s. The heating medium is
488.7 K steam condensing on the outside of the tube. Since the heat-transfer
coefficient of condensing steam is several thousand W/m?- K and the resistance
of the metal wall is very small, it will be assumed that the surface wall tempera-
ture of the metal in contact with the air is 488.7 K. Calculate the heat-transfer
coefficient for an L/D > 60 and also the heat-transfer flux g/A.

steam 488.7K

Air
P=206.8kPa
Tavg=477.6K
v=7.62m/s
Tw=488.7K
MM SHEO A2 13



T = 477.6K

u, =2.6x107 Pas fromTable A3 -3
Pr=0.686, k = 0.03894[W /mK]
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~ 206.8kPa|28.87g 273.15K kg ‘1000@
mol |(101.325kPa)(22.4¢/mol)|477.6K [1000g| nT

=1.509[kg/m’]
_ pvD  1.509 ‘7.62 ‘0.0254‘
MU

Re -=1.123x10"

2.6x10°
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Nu= L2 _ g 027 Re? prs (Koo
k Mo

Mo

477.6 2.6x10” Pas

488.7 w,=2.64x107
505.4 2.71x10°°

B 0.03894‘ ‘0.027 ‘(1.123><1o4)°'8 (2.6/2.64)""

0.686"°

hL

0.0254

=163.3[W/nm’ K]
q/A=h (T, ~T,,) = 63.3x(488.7-477.6) =|701.1[W /]
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EXAMPLE 4.5-2. Water Heated by Steam and Trial-and-Error Solution
Water is flowing in a horizontal 1-in. schedule 40 steel pipe at an average temper-
ature of 65.6°C and a velocity of 2.44 m/s. Itis being heated by condensing steam
at 107.8°C on the outside of the pipe wall. The steam-side coefficient has been
estimated as 4, = 10 500 W/m? - K.

(a) Calculate the convective coefficient A; for water inside the pipe.

(b) Calculate the overall coefficient U; based on the inside surface area.

(c) Calculate the heat-transfer rate g for 0.305 m of pipe with the water at an

average temperature of 65.6°C.
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1lin schedule 40

ID=26.64mm
OD=33.4mm
k=45W/mK
Steam
T,=107.8°C
Z ho=10500W/m?K
water
T,=65.6°C ! )
v=2.44mls i | i
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Mixing-cup temperature
Mixing-cup temperature

s

Hot fluid in

Hot fluid out w,, Ib/hr
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FIGURE 4.5-3. Temperature profiles for one-pass double-pipe heat exchangers: (a)
countercurrent flow; (b) cocurrent or parallel flow.
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EXAMPLE 4.5-4. Heat-Transfer Area and Log Mean Temperature
Difference
A heavy hydrocarbon oil which has a c,,, = 2.30 kJ/kg-K is being cooled in
a heat exchanger from 371.9 K to 349.7 K and flows inside the tube at-a rate of
3630 kg/h. A flow of 1450 kg water/h enters at 288.6 K for cooling and flows out-
side the tube. ‘
(a) Calculate the water outlet temperature and heat-transfer area if the
overall U; = 340 W/m?- K and the streams are countercurrent.
(b) Repeat for parallel flow.

T1=?
heavy 1
h_)lldrocarbon |_| | |
glpmzzgkykg K —T',=349.7K
T ,=371.9K [ | |J

m’=3630kg/hr

f

water
m=1450kg/hr
T,=288.6K
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q=m'c,(T,-T,)=mc (T, -T,)

_ 3630kg |2.3kJ|(371.9-349.7)K | hr
~ hr |kgK ‘36005
_ 1450kg |4.2kJ (T, —288.6)K | hr
~ hr |kgK ‘36005
= 51486[KW]

T =319K
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T1=371.1K

T,:=319K

T',=371.1K

T,=288.6K
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AT, — AT,
In(AT, /AT)

(61.6-52.9)K
In(61.6/52.9)

q=U;AAT,, =UA

340W | A

K
T,=288.6K
A =2.65[n"]

T ,=348.7K 51486\ =

AT, — AT,
In(AT, /AT)

(83.3-30.7)K
In(83.3/30.7)

q=U,AAT =UA
T',=348.7K
T,=319K 340W | A
' K
A =2.87[n"]
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4.6 HEAT TRANSFER OUTSIDE VARIOUS
GEOMETRIES IN FORCED CONVECTION

A =20 B EME H
Nu= cRe™Pr'”’?
T,+T,
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4.6B Flow Parallel to Fluid Flow

pVL
U
Nu= 0.664Re"® Pr'’°

Re= < 3x10° :laminar Pr > 0.7

pVL

)7
Nu= 0.0366Re’® Pr'”

Re= > 3x10° :turbulent Pr > 0.7
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4.6C Cylinder with Axis Perpendicular to Flow

Nu= cRe™Pr!?
cm: seeTable4.6-1
D : outside tube diameter

TABLE 4.6-1. Constants for Use in
Eq. (4.6-1) for Heat
Transfer to Cylinders
with Axis Perpendicular
to Flow (Np, > 06)

N,. m 84
14 0.330 0.989
4-40 - 0.385 0911

40-4 x 10° 0.466 0.683
4 x 10°4 x 10* 0.618 0.193
4 x 10*-2.5 x 10° 0.805 0.0266
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4.7 NATURAL CONVECTION HEAT TRANSFERRZXE

Nu = f (Gr 5 Pr) TABLE 4.7-1.  Constants for Use with Eq. (4.7-4) for Natural Convection
3 .2 = Physi A
Gr B L ,0 gIBAT 5 §|:| ysical Geometry Ng, N, a m Re
- 9 - Vertical planes and cylinders
H HAE G [vertical height L < 1 m (3 ft)]
<10* 136 % (P3)
— m 10*-10° 059 3 My
Nu a(Gr PI‘) T >10° 013 1 (M1
Horizontal cylinders
a., m See Ta.bl e 47 — 1 [diameter D used for L and D < 0.20 m (0.66 ft)]
<10°3 049 0 (P3)
1075-10"3 071 4 (P3)
10731 1.09 {4 @3)
1-10* 109 1 (P3)
10*-10° 053 § M1
> 107 013 % (P3)
Horizontal plates
Upper surface of heated 10°-2 x 107 054 § (M1
plates or lower surface 2x10-3 x 10" 014 § (M1
of cooled plates
Lower surface of heated 10°-10'* 058 % (F1)
plates or upper surface
of cooled plates
dofale S8E2 A 29
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