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TapLe 8.1 Musselt numbers and friction factors for fully developed
laminar Aow in tubes of differing cross section
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Used with perminibon Srom W. M. Kays and M. E. Crawfosd, Covvection Hear and M Fraugfer,
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Determine the effect of flow rate on outlet temperature
and heat rate for water flow through the tube of a
flat-plate solar collector.

D=0.01m [TEWDC

0.005 £m< 0.05 kg;s '
|
L=8m

KNOWN: Diameter and length of copper tubing. Temperature of
Collector plate to which tubing is soldered. Water inlet temperature
And flow rate.

FIND: Water outlet temperature and heat rate for m=0.01kg/s

ASSUMPTIONS;

1) Straight tube with smooth surface,

2) Negligible kinetic/potential energy and flow work changes,

3) Negligible thermal resistance between plate and tube inner surface

4) Re,, . = 2300

PROPERTIES: Table A.6, water (assume
T,=(T, +T,)/2=475°C=3205K):r =986kg/m°,
c, =4180Jkg>XK, m=577" 10° N>s/m?,

k =0.640 W/mxK, Pr=3.77
TableA.6water (T, =343K):m =400" 10°N>¢/m?



ANALYSIS for m=0.01kg/s
Re, = 4rn/(pDm) = 2200,

In which case the flow may be assumed to be laminar.

With x,,, /D » 0.5Re, Pr =0.05" 2200" 3.77 = 415

and L/ D =800, theflow is fully developed over
approximat ely 50% of the tubelength.

With (m/ m )*** =1.05, therefore Eq.8.57 may

be used to compute the average coefficient

0.14
— 0
Nu, =186 " 6 TEmo o7

&L/D g m g
= (k/D) Nu, =4.27" 0.64/0.01= 273 W/m*>xK

From Eq.8.41b,

T,-T.._ 2 pDL —9_ g p 001 8 273¢
= exp&- h expc-

To- T mc, 5 & 0014186 g

T,,=T.- 0.194T,- T, )=613C

q=ric,(T,, - T, )=0.01 4186" (61.3- 25) =1519W




