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7. Heat transfer to fluids by forced convection in laminar and turbulent flows

Example:
B
J Te=21.1°C
| L
s  — "
T,=115.5°C
T
T.,=54.4°C
Tha =115.5°C Tho =115.5°C
AT
Tew=54.4°C AT2
T /]\ \\ Tca:21_10C
—> L

Table 10: Steel pipe dimensions

2 in sch 40 D;i=2.067 in=52.5x10° m Dic==2.375 in=60.32x10° m



3insch 40 Dyi=3.068 in=77.92x10° m
De= Dyi - Dig :(77.92-60.32)X10'3 m=17.6x10°3m

Re= PP (Dy=Do)hp. _  m 0.554 — 10005
H p|:Z D,.’ —% Dioz} i (Dy + Dy %(77.92 +60.32)x10° x0.51x10 "

Re>10* Turbulent flow

For turbulent flow; since % >150 we ignore the effect of pipe length.

_A4572 259.7 > 150
17.6x10°°

_ hOkDe — 0.023(Re)**(Pr)** (n=0.4, B is heating)

Nu
C
pr=—2#
k
-3
- 0.156  40.023x(10005)" (2424.4x0.51x10 )0 7308 \2/v
17.6x10° 0.156 m-°C

Viscosity value of B is small, so we ignored viscosity correction factor (4, )

For B; p=0.51x 107 kg/(m.s)

1 1
AT, = N T 11338.2 (115.5—37.75) = 1.06X10
1 D, 1 0.052
—+—h, + X739.8
h D, 11338.2 ' 0.0603

For heating Tw=T+AT;i
AT is very low. So Tw=T and viscosity does’nt change.
We neglect viscosity correction factor.
q=mC AT = 0.554x2424.4x(54.4 - 21.1) = 44725 .8i
S

(Tha _ch )_ (Thb _Tca)

AT, —AT
AT, ==t 2=
In ATl In Tha _ch
ATZ Thb _Tca
_ (115.5-54.4)-(1155-21.1) o
AT, = 115.5-54.4 =76.55°C

ni
1155-21.1



U -9 _ 44725 .8 B W
° AAT. mx60.32x10*x4.572x76.55 " 'm?°C
1
Yo =5 D, x,D, 1 1
+ + T+ =+—+—
ihdi Di hi km D|_ ho hdo
— D,-D; 0.0603-0.052
Do=="5 =" ooeos oM
In—= In———
D, 0.052
D, =0.0603 m
D, =0.052 m
D, =0.056 m
X - D, —D; _0.0603-0.052 _ o\
2 2
km=386 W/m°C Copper pure (Table 2)
674.4 = !
T 0.0603 , 00041 00603 1 1

+ +
0.052x11338.2 386  0.056 739.8 h,,

674.4 = 1

0.000102 + 0.000011 + 0.00135 + 1

do

674.4 = L

(0.00146 + )

do

(0.00146 + )= L
hy,” 674.4
m?°C

R= 1 =2.2x10° ——
h W

do



Example :

Tw= 0°C
C i
The =20°C % ¢ =03m —* Thy
V=2m/s L= 200m N

q =m Cp (Tha — Tpp) = h; Aj AT
Typ must be assumed.

1. assumption; Tj,;, = 10 °C
Tha + Thp 20+ 10
22

T= =15°C

Properties of engine oil at 15 °C

p = 1.5815kg/ms

p =890.825kg/m?3

P200c = 888.1 kg/m?3

Cp, = 1860 j/kgC

k = 0.1455W/m°C

Pr =20217

Ly = 3.814kg/ms (at 0°C)

DVp 0.3mx 27 x 890.825
Re = =

= 337.97 < 2100 Laminar flow

L 200
503" 666.67 > 150 fully developed flow

Nu = 2 Gyl/3 (i)o.m _, (m x Cp)1/3 (i)o.lzt
Hw kXL Hw

Mass flow rate at the beginning of the pipeline.

. kg m_ om0 kg
= pagoc X VxS = (888.1) 3 x (2)— X (10.3 )m? = 125.55 —
1
kg _18607\3 Ko 014
hD  hx03m 125.55 =5 X oae | (1.5815 -2
Nu=7= W =2 W kg = 35.40
014—55m—oc 01455m—ocx 200m 3814‘m—s
h=17.169
m?2°C

Ifle (Tb—Ta):hl'lTDlL(TW—T)

(12555kg)(1860 ) )(20 T, )—(17169 W) (0.3 m) (200 )ZOOCJFTb 0°C
s kg°C hb’ = ' mzec) M m) 2 )



Typ = 19.72 °C # 10°C

2. assumption; Ty, = 19.72 °C

Tha + Tap _ 20 + 19.72

T=
2 2

= 19.86 °C

Properties of engine oil at 19.86 °C

p = 0.8374 kg/ms

p =888.1kg/m3

C, =1881j/kg°C

k =0.1450 W/m°C

Pr =10863

Ly = 3.814kg/ms (at 0°C)

DVp 03mx 2% x888.1

Re = . kg = 636.33 < 2100 Laminar flow
0.8374 =
0.14 mx C.\L/3 0.14
Nu = 2 Gz'/3 (i) =2 ( p) (i)
Hw k XL Hw
Mass flow rate will not change.
kg 1881j 3 0.14
9 J\3 kg\ ™
hD  hx03m 125.55 =5 X oo | (0.8374-E
Nu=T= W =2 W kg = 32.54
0.1450 ¢ 0.1450 ¢ X 200m 3.814 =
=15.72
h 5.7 —FoC
rr'1Cp (Tb_Ta) =hiT[DiL(TW—T)
kg j w 20°C+ Ty
125.55—)( 1881 20 — Tpp) =(15.72 : 2 —=0°
( 5555)( 88 kg°C)(0 ) (57 m2°c>n(03m)(00m)( ’ 0°C)

Thp = 19.75°C = 19.72°C

Second Way:

1. assumption Ty, = 20 °C

Tha + Thp _ 20 + 20

T=
2 2

=20°C

Properties of engine oil at 20 °C

p  =0.8374 kg/ms
p =888.1kg/m3
C, =1881j/kg°C
k =0.1450 W/m°C



Pr =10863
Ly = 3.814kg/ms (at 0°C)

DVp 03mx 27 x888.1
Re = = 5 m = 636.33 < 2100 Laminar flow
" 0.8374-2

L 200
) = 3 = 666.67 > 150 fully developed flow

1/3

Hw k<L Hw

Mass flow rate at the beginning of the pipeline.

k m T k:
= pygoc X v XS = (888.1)m—g3>< @)~ x (10'32)”‘2 — 125.55 ?g

. 1/3
Nu = 2 GZ1/3 (i)"'“ _ (m) (1)“‘*
Hw

[T k x L
kg 1881\ 3 0.14
g e kg\ "
hD  hx03m 125.55 -3 X g 0.8374 -5
Nu=--= =2 - ey = 32.54
0.1450 —o¢ 0.1450 5z x 200m | \ 38142
h = 15.72—
T T m2eC

m Cp (T, — T,) = hy mD; L (T, — T)

[e}

kg j o _
(125.55?) (1881kg—oc) (20°C = Ty) = (15.72

m2°C
Thp = 19.75 °C = 20°C

b)

. .
q=mC, (Ty—T,) = (125.55 ?g) (1881 ) ) (20°C — 19.75°C) = 59040W = 59kW

kg°C

+ Ty

2

w )11 (0.3 m) (200 m) (& —

0°C)



