a%e
‘59%

;3

Enginesring Growth Connection

HEAT TRANSFER FROM A
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Engingering & Connection

HeAT TRANSFER FRom A PIN FIN

1. OBJECTIVE:

To study the heat transfer in a pin fin.
2. A

2.1 To calculate the heat transfer coefficient experimentally & theoretically for free and

forced convection.

2.2 Compare the theoretical température distribution with experimentally obtained |

distribution.
3. INTRODUCTION:

Extended surfaces or fins are used to increase the heat transfer rate from a surface to a
fluid wherever it is not possible to increase the value of the surface heat transfer
coefficient or the temperature difference between the surface and the fluid. The use of
this is very common and they are fabricated in a variety of shapes circumferential fins
around the cylinder of a motorcycle engine and fins attached to condenser tubes of a

refrigerator are few familiar examples.
4. THEORY:

Natural convection phenomenon is due to the temperature difference between the
surface and the fluid and is not created by any external agency. Forced convection
phenomenon is due to the temperature difference between the surface and the fluid and
is created by any external agency, such as blower, pump etc. The experimental heat

transfer coefficient is given for both the free and forced convection.

e Qa
B AUAT

h

Theoretical heat transfer coefficient for free and forced convection, can be calculated
by following formulae:

N,k
hm = D

Where hgy, ht, are experimental and theoretical heat transfer coefficient respectively.
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Q, is amount of heat transfer, Ag is heat transfer area and AT is temperature

difference. Ny is nusselt no., k is thermal conductivity and D is diameter.

It is obvious that a fin surface stick out from primary heat transfer surface. The
temperature difference with surrounding fluid will steadily diminish as one moves out
along the fin. The design of the fins therefore requires knowledge of the temperature
distribution in the fin. The main object of this experimental set up is to study the

temperature distribution in a simple pin fin.

Fin parameter

Fin effectiveness

e tanhmL
mL

The temperature profile within a pin fin is given by:

0 T-T, [ecoshm(L—x)+Hsinhm(L- x)]
B [coshmL + H sinhmL|

6

4]

Where T; is the free stream temperature of air; Ty, is the temperature of fin at its base; T
is the temperature within the fin at any x; L is the length of the fin and D is the fin

diameter, m is the fin parameter, (93 is temperature distribution profile.

o

DESCRIPTION:

It consists of pin type fin fitted in a duct. A blower is provided on one side of duct, Air
flow rates can be varied by given flow control valve. A heater is provided to heats one
end of fin and heat flows to another end. Heat input to the heater is given through variac.
Digital voltmeter and digital ammeter are provided for heat measurement. Digital
temperature indicator measures temperature distribution along the fin. Airflow is

measured with the help of orifice meter and the water manometer fitted on the board
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UTiLimies REQUIRED:

6.1 Electricity Supply: Single Phase, 220 V AC, 50 Hz, 5-15 Amp combined socket

with earth connection.

6.2 Floor Area Required: 1.5mx 1 m.

ExPERIMENTAL PROCEDURE:

7.1 STARTING PROCEDURE (FOR FREE CONVECTION):

7.1.1  Ensure that mains ON/OFF switch given on the panel is at OFF position &

dimmer stat is at zero position.
7.1.2 Connect electric supply to the set up.
7.1.3 Switch ON the mains ON / OFF switch.

7.1.4 Set the heater input by the dimmer stat, voltmeter in the range 40 to 100
V.

7.1.5 After 1.5 hrs. note down the reading of voltmeter, ampere meter and
temperature sensors at every 10 minutes interval (till observing change in

consecutive readings of temperatures + 0.2 °C).
7.2 CrosiNg Procepure (For FRee ConvECTION):

7.2.1 When experiment is over set the dimmer stat to zero position.
7.2.2 Switch OFF the mains ON/OFF switch.

7.2.3 Switch OFF electric supply to the set up.
7.3 S7aARTING PROCEDURE (FOR ForcED CONVECTION):

7.3.1 Ensure that mains ON/OFF switch given on the panel is at OFF position &

dimmer stat is at zero position.
7.3.2 Connect electric supply to the set up.

7.3.3 Fill water in manometer up to half of the scale, by opening PU pipe
connection from the air flow pipe and connect the pipe back to its position

after doing so.

7.3.4 Switch ON the mains ON / OFF switch.
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7.3.5 Set the heater input by the dimmer stat, voltmeter in the range 40 to 100
V.

7.3.6 Switch ON the blower.
7.3.7 Set the flow of air by operating the valve V4

7.3.8 After 0.5 hrs. note down the reading of voltmeter, ampere meter,
manometer and temperature sensors at every 10 minutes interval (till

observing change in consecutive readings of temperatures + 0.2 °C).
7.4 CrLosINg Procepure (For Forcep ConvEGTION):

7.4.1 When experiment is over set the dimmer stat to zero position.
7.4.2 Switch OFF the blower.
7.4.3 Switch OFF the mains ON/OFF switch.

7.4.4 Switch OFF electric supply to the set up.

2. OBSERVATION & CALCULATION:

8.1 Dara:
Tnermal conductivity of fin material kg = 204.2 W/m°C
Density of manometric fluid py, = 1000 kg/m”’
Density of air pa = 1.093 kg/m”
Zcceleration due to gravity g = 9.81 m/sec’
Diameter of orifice d, =0.026 m
Diameter of pipe dp =0.052 m
Diameter of fin D =0.020 m
_ength of fin L =0.170 m
Orifice coefficient C, = 0. 64
Distance of first temperature sensors (T4) from the one end point X4 =0.045m
Distance of second temperature sensors (T;) from the one end point X, =0.07m
Distance of third temperature sensors (T3) from the one end point X3 =0.095m
Distance of fourth temperature sensors (T,) from the one end point X4 =0.12m
Distance of fifth temperature sensors (Ts) from the one end point Xs =0.145m

Distance between temperature sensors (Tg) and temperature sensors (T7) X, = 0.01m
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2.2.a OsservATIONTABLE (For FrRee CoNnvECTION):

e | T | TaCo) | TsP0) | Telfe) |TeCe) | Telfel | T: e [ TR

(¥ 4]

00

.2.bOsservaTION TABLE (ForR ForceD CoNVECTION):

o T1 T2 T3 T4 T5 Ts T7 Ta h1 hz
No. (°C) (°C) | (°C) |(°C) | (°C) | (°C) | (°C) | (°C) | (cm) | (cm)

8.3 CALCULATIONS:

Free Convection: Experimentally

T Lol vl ¥1, % Ty

m 5 (C)

i
A=2D? (m?
) (m*)

k,x Ax (T, ~T))
X

il

Q:

As=nDL (m?)

he, = o (W/m? °C)
A AT

Free Convection: Theoretically

T LT+ T+ T, 417,

m 5 (C)
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0
T, <0

AT, =(T,, +273.15)— (T, + 273.15) (K)

T

mf

_ (T +273.15) + (T, + 273.15) i
2

Find the properties of air ( B.k. v, P)attemperature T, from data book.

B -?% (K")
k=___ (Wm°C)
v=__ (m?/sec)
P -

r

_—

r

G _&BD'AT,

Ve
N, =0.53(G, x =2

N,k
h,, = _"5_ (W/m? °C)

C=7D (m)

A= %D2 (m?)

. _ tanhmL
mL

H = hy, (m)
klr,-m

T, =T4°C)

[coshm(L - X,) + Hsinhm(L - x,)]
Tom = 3] P
i [ [coshmL +HsinhmL| (T, -T7,) |+ (°C)

(X=Xy)
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[[coshm(L - X,)+Hsinhm(L - X,)] i
e [coshmL + H sinhmL] 7, f)_ (C) ( 2)
[[coshm(L - X,) + Hsinhm(L - X,)] T
T — 3 3 T _ T 4 T OC x _ X
e [coshmL + H sinhmL] T, f)_ (°C) ( 3)
[[eoshm(L - X,) + Hsinhm(L - X,)] 0
Te = ' T,-T,)|+T,(°C X = X
e [coshmL + H sinhmL] (T, =T,)|+ T, (°C) ( 4)
[coshm(L - X, )+ Hsinhm(L - X,)] .
Trms = T,-T.)|+T.(°C X =X
e [coshmL + H sinhmL] (T, =T:) |+ T:(C) ( 5)
Tea =T, (°C)
Teo =T, (°C)
TExa == Ta (OC)
Tea =T, (°C)
Tee =Ts (DC)
CaccuLaTioN TaBLE(For FRee CoNvECTION):
S.NO. l X (m) TTh (OC)

Forced Convection: Experimentally

— _ Tk Ty +

T, +T, + 71,

m

()

- (C)

AT =T, -T, (°C)

T
A =2 D? i{m®
4()
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Q:F(__,. x A5( T, —T.)

W
){n ( )
A, =xDL (m?)
he, = Q (W/m” °C)
AAT

Forced Convection: Theoretically

_T1 +T,+T, +T, +7;

T i
m 5 C)
T; =1, (C)
r (Tt 273.15); (T, +273.15)

Find the properties of air ( p,,, k, #) at temperature 7,, from data book.

K= (W/m°C)
1 = (kg/m-sec)
Par = (kg/m?)

T
g, = Zdﬁ (m?)

T 42 g
a =—d: (m
o 4 0( )

grodi s [i- - 1] (m)
100 | p,

V xT

a mf

Vi=1= (m/sec)
|!f + 2?3.15!
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N, =0.615(R, )%

=z

s = oK (W/m? °C)

T [coshm(L—X1)+Hsinhm(f‘_—X1)]
™o [coshmL + HsinhmL|

(T, -T;) |+ T, (°C) (X = X1)

(T, -T,)|+ T, (CC) (X = Xo)

[[coshm(L - X,) + Hsinhm(L - X,)]

T, =
s [coshmL + HsinhmL]

[[coshm(L - X,) + Hsinhm(L - X )1 =
T = 3 s/ T T T (°C = X,
" [coshml + HsinhmL] (T, =T;)|+T,(C) ( 3

[[coshm(L - X, )+Hsinhm(L - X,)]

T "'T; T 0C =
[coshmL + H sinhmL] (T, =T)|+ T, (°C) (X =X4)

TTM =

coshm(L = X, )+ Hsinhm(L - X,) 5
Tms = | [coshn:LJrHsinth] : ](Tb ~T) |+ A= el

Tew =T, (°C)

TEXZ = Tz (OC)
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Te=1 70}
TE,\4 = T4 (OC)
TE..5 i Ts (OC)

§id

CaLcuLaTioN TABLE(For Forcep CoNVECTION):

S.No. X (m) Tt (°C) Tex (°C)
NOMENCLATURE:
Nom Column Heading Units ; Type
A Cross sectional area of fin m* : Calculated
2, | Area of orifice m* | Calculated
2. | Area of pipe m?* Calculated
As Surface heat transfer area m* Calculated
C Perimeter m Calculated
Co Orifice coefficient * Given
D | Fin diameter m | Given
do Orifice diameter m Given
d. Diameter of pipe m Given
g Acceleration due to gravity m/sec” Given
G, Grashoff's number " Calculated
Parameter m Calculated
n-- hy, | Manometer reading cm Measured
e | Experimental heat transfer coefficient W/m? °C | Calculated
h Theoretical heat transfer coefficient W/m~ °C | Calculated
K Thermal conductivity of air at temperature T W/m °C | Calculated
K Thermal conductivity of fin material W/m °C Given
L Fin length m Given
m Fin parameter m Calculated
Ny Nusselt number * Calculated

—-ore=srs Pyt Limited, Ambala
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P, Prandtl number * Calculated
Q| Amount of heat transfer W Calculated
3. | Volumetric flow rate of air through the pipe m°/sec | Calculated
2. | Reynolds number * | Calculated
T+ Ts | Temperatures of the pin fin test section surface b o | Measured
T-- T; | Temperature at center of pin fin at X, distance e Measured
T: | Temperature of the suction duct surface °C | Measured
T | Fin base temperature ‘C | Calculated
T= | Experimental temperature within the fin °C Calculated
Tz.- | Experimental temperature at the first sensor "G Calculated
T-. | Experimental temperature at the second sensor °C | Calculated |
T=s | Experimental temperature at the third sensor % Calculated
Tz.« | Experimental temperature at the fourth sensor G . Calculated
T=.s | Experimental temperature at the fifth sensor °C Calculated
T. | Fin temperature at any point G Calculated
Fin mean temperature i Calculated
T-+ | Fluid mean temp °c Calculated
T— | Theoretical temperature within the fin % Calculated
T—. | Theoretical temperature at the first sensor ‘C Calculated
T-2 | Theoretical temperature at the second sensor G Calculated
T-: | Theoretical temperature at the third sensor G Calculated
T--« | Theoretical temperature at the fourth sensor %C Calculated
T--= | Theoretical temperature at the fifth sensor "C Calculated
Velocity of air m/sec Calculated
Velocity of air at temperature Tqy m/sec Calculated
X | Distance of the sensors from one end of the fin m Given
X Distance of first temperature sensors (T,) from the | m Given
' one end point
- | Distance of second temperature sensors (T,) from m Given
the one end point
X-. | Distance of third temperature sensors (T3) from the m Given
one end point
X. | Distance of fourth temperature sensors (T4) from m Given
| the one end point
X | Distance of fifth temperature sensors (Ts) from the m Given

C Zoorescs At Limited, Ambala
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one end point
_Xo_'__D'fstance between temperature sensors (Tg) and 5 m Given
temperature sensors (T7)
pa | Density of air kg/m® Given
Pai Density of air at temperature (T kg/m’ Calculated
Pw Density of manometeric fluid kg/m’ Given
B | Coefficient of thermal expansion of fluid K’ Calculated
£ Fin effectiveness _ * Calculated
p,_ Dynam}c viscosity of air kg/m-sec | Calculated
Y Kinematic viscosity of air - m“/sec | Calculated
AH | Head loss m Calculated
ﬂT_mﬁgFeT’ture difference on fin surface °C Calculated
ATy | Temperature difference on fin surface K Calculated

* Symbols represent unitless quantity

i~

PrRecAuUTION & MAINTENANCE INSTRUCTIONS:

10.1  Never run the apparatus if power supply is less than 200 volts and more than 230
volts.

10.2 Never switch ON mains power supply before ensuring that all the ON/OFF

switches given on the panel are at OFF position.
10.3 Operate selector switch of temperature indicator gently.

0.4 Always keep the apparatus free from dust.
*%. TROUBLESHOOTING:

1.1 If electric panel is not showing the input on the mains light. Check the main

supply.
*2.  REFERENCES:

1 Holman, J.P (2008). Heat Transfer. 9" Ed. ND: McGraw Hill. pp 39-46.

(A% ]

I

122 Kumar, D.S (2008). Heat & Mass Transfer. 7" Ed. ND: S.K Kataria & Sons. pp
233-239, 253-256, 260-262.
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