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General Instructions for Laboratory Classes

> Students must attend the lab classes with ID cards

» Enter Lab with CLOSED FOOTWEAR

» Boys should “TUCK IN” the shirts

» Students should wear uniform only

» LONG HAIR should be protected

» Any other machines / equipment’s should not be operated other than the prescribed
one for that day.

» POWER SUPPLY to your test table should be obtained only through the LAB
TECHNICIAN

» Do not LEAN and do not be CLOSE to the machine components.

» TOOLS, APPARATUS & GUAGE Sets are to be returned before leaving the Lab.

» Any damage to any of the equipment/instrument/machine caused due to carelessness,

the cost will be fully recovered from the individual (or) group of students.

University Examination

The examination will be conducted for 100 marks. Then the marks will be calculated to 80
marks.

Split up of Practical Examination Marks

Aim and | Tabulation
Apparatus & Procedure | Results | Graph Viva Total
Required | Calculation

15 30 15 20 10 10 100
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20ME5L3 HEAT AND MASS TRANSFER LABORATORY LTPC
00315

OBJECTIVES:

>
>
>
>
>

To learn to measure thermal conductivity of materials
To study the free and forced convective heat transfer

To study condensation heat transfer

To study the performance of Heat exchangers

To study the applicability of Stefan — Boltzmann law

PREREQUISITE:
Course Code: 20ME302, 20ME304, 20ME403
Course Name: Fluid Mechanics and Machinery, Engg Thermodynamics, Thermal Engg.

LIST OF EXPERIMENTS

1. Thermal conductivity measurement of pipe insulation using lagged pipe apparatus.
2. Determination of Thermal conductivity of insulating powder, liquid and composite wall
3. Heat transfer from pin-fin apparatus (natural & forced convection modes)
4. Determination of heat transfer coefficient under natural convection from a vertical cylinder.
5. Determination of heat transfer coefficient under forced convection from a tube.
6. Determination of heat transfer coefficient in film wise and drop wise condensation.
7. Effectiveness of double pipe heat exchangers.
8. Effectiveness of cross flow heat exchanger.
9. Determination of Stefan — Boltzmann constant.
10. Determination of emissivity of a grey surface.
TOTAL: 45 PERIODS

OUTCOMES: AT THE END OF THE COURSE, LEARNERS WILL BE ABLE TO:

CO-01: Determine thermal conductivity of materials by conducting tests on heat conduction
apparatus.

CO0-02: Determine heat transfer rate and fin efficiency of a pin fin under natural/forced
convective mode.

CO0-03: Calculate natural/forced convective heat transfer coefficient by conducting tests on
convective heat transfer apparatus.

CO-04: Determine the performance of parallel/counter/cross flow heat exchangers.

CO-05: Calculate the Stefan-Boltzmann constant by conducting tests on radiative heat
transfer apparatus.

CO-06: Calculate the Emissivity of a gray surface.

=z
o

NAME OF THE EQUIPMENT

p—t
<<

Guarded plate apparatus

Lagged pipe apparatus

Composite wall apparatus

Thermal conductivity of insulating powder apparatus

Pin-fin apparatus

Natural convection-vertical cylinder apparatus

Forced convection inside tube apparatus

Parallel flow heat exchanger apparatus

©o|o|~N|o|u|swiN-n

Counter flow heat exchanger apparatus

10 Cross flow heat exchanger apparatus

11 Stefan-Boltzmann apparatus

L e e I R T T Y e

12 Emissivity measurement apparatus
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Ex No: 1 Date:

Aim:

Thermal conductivity measurement using guarded plate apparatus

To determine the thermal conductivity of given insulating material in the form of slab

using guarded plate apparatus.

Apparatus Required:

1.

Guarded plate apparatus

Procedure:

1.
2.
3.

Ensure proper electrical connections and zero position of the variac.

Switch on both central and guard heaters.

Slowly rotate knob of variac 1, clockwise to set 40 volts, this is central heater and
note down its current value in one ammeter.

Slowly rotate knob of variac 2, clockwise to set 50 volts, this is guard heater and note
down its current value in another ammeter.

Note down all temperatures (temperatures between hot guard plate and specimen
similarly temperatures between cold guard plate and specimen), using selector switch.

Note down all reading once in 15 minutes, until steady state condition is reached.

Formula Used:

Where

k =

F o
TRRTRT

QxL

A (T —Te)

Thermal conductivity of given insulating material in K
m

Heat energy supplied in W

Thickness of the given specimen in m

Surface area of the given specimen in m?

Hot side temperature (average of central and guard heaters temperatures) in °C

Cold side temperature in °C

20MES5L3 - Heat and Mass Transfer Laboratory
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Observation:

Diameter of Central Heater - D = m
Diameter of Specimen (Slab) - d = m
Thickness of Specimen (Slab) -t = L = m

Tabulation:

Heat Input Temperature ° C

S. No. Cll_leer:;[reil I(js:tﬁ Central Heater Guard Heater (S:i%IS
V\gllts Arlﬁps V\cflzts Arlrfps To | T2 | Ta | Ta | Ts | Te | T

1.

2.

3.

4.

5.

6.

1.

8.

9.

10.
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Model Calculation:

Heat energy supplied to central heater = Q; =V; x 1y

Ql: ............ D S

Heat energy supplied to Guard heater = Qo =V, x|,

Q2= ............ D S

Net heat energy supplied = Q = @
.......... Fo
Q= 2
Q= W
L = Thickness of the specimen=.................... m
As = Surface area of the specimen
A= T v d?
4
Where
d = diameter of specimen=................... m
n 2
AS = Z D S
AS T tissssssssessrsasns m2
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Th = Hot side temperature = Average of central and guard heater temperatures
T, = T1+T2 +T3 +T4 +T5 +T6
" 6
T, — o FoeF et et
6
Th =, °c
T = Cold side temperature
T =, °c
. L ) . QxL
Thermal conductivity of given insulating slab specimen = k=—————
Asx(Th = T)
k e D G
............ Y CHTE
K= w (or) w
m°C " mK

20ME5L3 Heat and Mass Transfer Laboratory
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Result:

Thermal conductivity of given Insulating slab k= mK

Inference:
I have learnt how to measure thermal conductivity of a solid insulating material.
Applications:
1. Comparison of thermal conductivity of different building materials (wood, asbestos,
brick etc.)

2. Comparison of thermal conductivity of different plastics.

20MES5L3 - Heat and Mass Transfer Laboratory
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ExNo: 2 Date :

Thermal conductivity measurement of pipe insulation using lagged pipe apparatus

Aim:
To determine the thermal conductivity of sawdust and Sand by using lagged pipe apparatus.
Apparatus Required:
Lagged Pipe apparatus
Procedure:
1. Ensure proper electrical connections and zero position of the variac.
Switch on the unit.
Rotate knob of the variac to give the heat input.

Note down Voltmeter and Ammeter readings.

o~ w N

Note down the Temperature values in all channels, for every 15 minutes until steady
state condition is reached.
6. Conduct the experiment further by varying flow rate and different heat input values.

Formula used:

QxlIn f2
Thermal conductivity of saw dust = k,= . h
2nx Lx AT,
Where
Q = Heatenergy supplied in W
r, = radius of saw dust packing from centre in m
r, = radius of heater pipe from centre inm
L = Length of the pipe in m
ATy = Temperature difference between inner heater pipe and saw dust packing in °C
QxlIn fs
Thermal conductivity of sand = Kk, = T
2nx Lx AT,
Where
Q = Heatenergy supplied in W
r3 = radius of sand packing from centre point in m
r, = radius of saw dust packing from centre point in m
L = Length of the pipeinm

AT, = Temperature difference between saw dust packing and sand packing in °C

20MES5L3 - Heat and Mass Transfer Laboratory
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Observation:

Length of cylinder = L = m
Radius of heater pipe = rn = m
Radius of heater with saw dust =r, = m
Radius of heater with saw dust and Sand (Dry) = rs m
Tabulation:
Temperature at Temperature at Temperature at
vV | heater pipe surface | saw dust packing .
S.No. (Volts) | (Amps) °C °oC sand packing °C
T T, Ts Ts Ts Ts
1.
2.
3.
4.
o.
6.
7.
8.
9.
10.

20ME5L3 Heat and Mass Transfer Laboratory
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Model Calculation:

Thermal conductivity of saw dust

Kj=———
2nx Lx AT,

I
QxIn-%
N

Heat energy supplied by heater = Q=VxI
Q= X tvvrreeenans
Q= w
r, = radius of saw dust packing from centre point=................... m
rn = radius of heater pipe from centre point=................... m
L = Lengthofthepipe=.................. m

AT, = Temperature difference between inner heater pipe and saw dust packing in °C

I
QxIn-%
n

Kj=———
2nx Lx AT,

20MES5L3 - Heat and Mass Transfer Laboratory
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QxlIn fs
Thermal conductivity of sand = k, = B
2nx Lx AT,

Heat energy supplied to heater = Q =V x|

Q=.conee. Xiieeereens

Q= W

r; = radius of sand packing from centre point=................... m

r, = radius of saw dust packing from centre point=................... m
L = Lengthofthepipe=.................. m

AT, = Temperature difference between saw dust packing and sand packing in °C

T9+T, Ts+ T,
ATZ:[ K 4}( 2 6)

AT) =, °c
Q><|nL3
_ 2
2nx L x AT,
............. x Jn
k —  eeesierseeees
2 2 X, X tvireeennens
W w
Ko = i, 5 (or) —
m-C mK
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Result:
. w
Thermal conductivity of saw dust kp, = —
mK
. w
Thermal conductivity of sand k, = —
mK
Inference:

I have gained knowledge of measuring thermal conductivity of powder materials by
applying the concept of one dimensional heat conduction through hollow cylinders.

Applications:

1. Comparison of thermal conductivity of different powder materials

2. Selection of material for piping insulation

20MES5L3 - Heat and Mass Transfer Laboratory
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Ex No: 3 Date :

Determination of Thermal conductivity of composite wall

Aim:

To determine the thermal conductivity of Composite Wall using composite wall
apparatus.

Apparatus Required:
Composite wall apparatus
Procedure:
1. Ensure proper electrical connection and ensure zero position of variac.
2. Switch on the heater and set the voltage (say 80 V) using the Variac.
3. Note down the ammeter and voltmeter readings.
4. Wait for reasonable time to allow the system to reach steady state.
5. Note down all temperatures using temperature indicator.
Formula used:

Heat transfer rate through composite wall =

Q= KmAm (Th -Tm) _ KwAw (Tm - Tw) _ KaAa(Tw -Ta)

Lm I—W La
Where,
Km, kwand k, = Thermal conductivity of mild steel, wood and asbestos respectively in
W
mK

Anm, Ay and A, = Surface area of mild steel, wood and asbestos respectively in m?

Tn = Temperature of the heater in °C
Tm, Twand T,

Surface temperature of mild steel, wood and asbestos respectively in
°c
Lm, Lwand L

Thickness of mild steel, wood and asbestos respectively in m

20MES5L3 - Heat and Mass Transfer Laboratory



KLNCE 20ME5L3 Heat and Mass Transfer Laboratory

Observation:

Thickness of mild steel layer =L, = m
Diameter of mild steel layer =d = m
Thickness of wood layer =Ly = m
Diameter of wood layer =d = m
Thickness of asbestos layer =L, = m
Diameter of asbestos layer =d = m
Tabulation:
Heat Input Temperature ° C

S. No. Vv I

(VOItS) (AmpS) Tl TZ T3 T4 T5 TG T7 T8

From the above equation it is possible to find out thermal conductivity of individual

materials by the following equations

B QxLpy
" An(Th-Tm)
B QxLy
W= ——W

AW(Tm 'Tw)

3 QxLy4
: Aa(TW 'Ta)

20ME5L3 Heat and Mass Transfer Laboratory
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Model Calculation:

Heater temperature = T :T%T2
............ Fevrereenen,
T =
h 2
Th =, °c
Surface temperature of mild steel = Tm
............ F e
T =i, °c
Surface temperature of wood =Tw
............ F v
LIV T °c
Surface temperature of asbestos = T, =
............ F e
T, =
a 2
LT °c

:T5 +T6

T7 +T8

20MES5L3 - Heat and Mass Transfer Laboratory
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Thermal conductivity of mild steel = k,,, = _Qxbm
Am(Th -Tm)
X
VN S
A N R )
W
Kpy = eeveeeeeneeeeneeneens —
m mK

Thermal conductivity of wood = ky, = Qx L
Aw(Tm-Tw)
X
o X
e R R )
W
Ky = eereeeeenieneeneniens —
W mK
QxL,

X
o e X
& s R R )
W
Ky = oo, —
a mK

20ME5L3 Heat and Mass Transfer Laboratory
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Result:

- . w
Thermal conductivity of mild steel = k, = —

mK

. w
Thermal conductivity of wood = kg = —

mK

. w
Thermal conductivity of asbestos = ky = K

m

Inference:

| have gained knowledge of measuring thermal conductivity of composite (group of
materials) materials.
Applications:

Design of multilayer insulation for furnaces, pipings, etc.

20MES5L3 - Heat and Mass Transfer Laboratory
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Ex No: 4 Date :

Determination of Thermal Conductivity of Insulating Powder

Aim:
To determine the thermal conductivity of given insulating powder (Saw dust) using

insulating powder apparatus.
Apparatus Required:

Insulating powder apparatus
Procedure:

Ensure proper electrical connection and ensure zero position of variac.
Switch on the heater and set the voltage (say 40 V) using the Variac.

Note down the ammeter and voltmeter readings.

el

Wait for reasonable time to allow the system to reach steady state.
5. Note down all temperatures using temperature indicator.

Formula used:

We know that heat transfer in sphere = Q= (-l;i --Ir-O)
Where,
Ti = Inner surface temperature of the sphere in °C
To = Outer surface temperature of the sphere in °C
ri = Inner radius of the sphere inm
lo = Outer radius of the sphere inm
k = Thermal conductivity of the insulating powder (Saw dust) in %

From the above equation, it is possible to determine the thermal conductivity of the

insulating powder

Thermal conductivity of insulating powder = k= Qx (o -1i)
(Tj = To) x4mxri x1g

20MES5L3 - Heat and Mass Transfer Laboratory
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Observation:

Inner diameter of the sphere
Outer diameter of the sphere
Inner radius of the sphere
Outer radius of the sphere

Tabulation:

= d =
= do =

3 3 3 3

= I, =

Surface Temperatures of sphere °C

Heater Input
S.No.

Inner surface Outer surface

Vv |
(Volts) | (Amps)

T,

To | Ts | Ta | Ts | Te | T7 | Ts

10.

20ME5L3 Heat and Mass Transfer Laboratory
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Formula used:

We know that heat transfer in sphere = Q= (-l;i --Ir-O)
Where,
Ti = Inner surface temperature of the sphere in °C
To = Outer surface temperature of the sphere in °C
ri = Inner radius of the sphere in m
lo = Outer radius of the sphere in m
k = Thermal conductivity of the insulating powder (Saw dust) in %

From the above equation, it is possible to determine the thermal conductivity of the

insulating powder

Thermal conductivity of insulating powder = k= Q> (o -1i)
(Tj = To) x4mxri x Ty

20MES5L3 - Heat and Mass Transfer Laboratory
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Model Calculation:

Heat energy supplied by heater = Q=VxI
Q= X tvvrreeenans
Q= W
Inner surface temperature of sphere = T,=11tT2 ZTS T4
Ti _ e s T F o F o
4
L TS °c
Outer surface temperature of sphere= T, = T5+To ZT7 *Tg
To _ e s T b e ST
4
LT °c

_ Qx(ry -1;)
(Ty = Tp) xdmxr; x1y

Thermal conductivity of insulating powder =

Ko e Y (T - e )
(PP e )XATTX e X treaireenreennnaans
K=o W
mK

20ME5L3 Heat and Mass Transfer Laboratory
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Result:

1
=~
1

Thermal conductivity of insulating powder (Saw dust)
Inference:

| have gained knowledge of measuring thermal conductivity of powder materials by
applying the concept of one dimensional heat conduction through spheres.

Applications:

1. Determination of thermal conductivity of different materials in powder form.

2. Design of spherical containers for thermal applications.

20MES5L3 - Heat and Mass Transfer Laboratory
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Ex No: 5a Date :

Heat transfer from pin-fin apparatus (natural convection mode)

Aim:

To determine the heat transfer rate, intermediate temperature distributions and fin
efficiency of Pin-Fin in natural convection mode using pin-fin apparatus.
Apparatus Required:

Pin-fin apparatus

Procedure:

1. Ensure proper electrical connections and zero position of the variac.

2. Slowly rotate variac to desired values, say 100 V

3. Note down the readings of VVoltmeter and Ammeter.

4. Note down the temperatures by channel selector for every 15 minutes until steady

state conditions reached.

Formula used:

Heat transfer with fin = Qg =/hpkAx(Tp —T,)xtanh (mx)
Where,
oW
h = Heat transfer Coefficient in —5—
m°K

p = Perimeter of the cross section of the fin in m

. . o W
k = Thermal conductivity of the fin material in K

m

A = Cross sectional area of the fin in m?
Ty = Base temperature of the fin in °C
Ta = Ambient or atmospheric temperature in °C

20MES5L3 - Heat and Mass Transfer Laboratory
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Observation:

Material of the pin-fin

Diameter of the fin = dsin = m
Length of the fin = L = m
. . . W
Thermal conductivity of fin material = k = —
mK
Tabulation:
Heat Input Surface temperature of the fin °C Ambient
Temperature
SNo- v D o T=To| T2 | T | e | T °C
(Volts) | (Amps) | 1P 2 3 4 5 T,
1.
2.
3.
4,
5.
S No Heat Input X(m) | Tthe | Tact | Error | nf Qfin
e \% l oC oC | (%) | (%) | (W)

(Volts) | (Amps)

AR B B B

20ME5L3 Heat and Mass Transfer Laboratory
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m :W/E ini(or) m?
kA m

x = Length of thefin from base in m

Heat transfer coefficient can be determined by the following way

Film temperature = T = Tm;rTa
Where,
T = Mean surface temperature of fin To+T3+Ty+Ts

Ta Ambient or Atmospheric temperature
Choose the following properties of air from HMT data book corresponding to film
temperature Tr.

Density (p), Kinematic viscosity (v ), Prandtl number (Pr) and thermal conductivity (k)

— gXBXdﬁnsx(Tm -Ta)
- 2

Grash of number = Gr
1%
Where
T (g=9.81")
g = gravity value (constant) in S s

Coefficient of thermal expansion =

B

Ti (T; should be substituted in Kelvin)
f

dfin Diameter of fin in m

m?2
% = Kinematic viscosity in —
S

Then find out the product of (Gr x Pr)

20MES5L3 - Heat and Mass Transfer Laboratory
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Model Calculation:

Mean temperature of the fin surface T, = To+T3+T4+Ts

4

LI °c

Film temperature = T¢ = Tm ;Ta
.......... Frvooenen

T =

f 2

Tf =i °c

Choose the following properties of air from HMT data book corresponding to film

temperature Tr.

_ kg
P e F
m2
Vo —
S
Pr= .
K= oo W
mK
B = Coefficient of thermal expansion = — (T¢ should be substitutewith Kelvin)
f
1
B =

20ME5L3 Heat and Mass Transfer Laboratory
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Then Nusselt number is determined by the following formula

Nu=Cx(GrxPr)™
C and m values can be chosen from HMT data book corresponding to natural convection

from horizontal cylinder

Then general form for Nusselt number is

NU = h x dﬁn
k
he Nuxk
diin
Fin efficiency = _ =M
fin m X X
Theoretical intermediate temperature = Tie =| (T -Ta)xw +Ty
cosh (mL)
Where,
L = Total length of the fin in m

Actual intermediate temperature = T, = Surface temperature of fin indicated by digital
thermometer corresponding to  x
Error percentage in intermediate temperature =

_ Difference between Ti,e and Ty

Error =x100
Tthe
gXBxdfin3 ><(Tm _Ta)
Grash of number = Gr= v?

Gro s X treivreansnes Xrrerireennns Y CH e )
Gr=.iiieienn.

GrxPr=.....cccun..... X oarereiaranens

GIrxPr=.eeiiiiieeenn

20MES5L3 - Heat and Mass Transfer Laboratory
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Then Nusselt number is determined by the following formula

Nu=Cx (GrPr)™
C and m values can be chosen from HMT data book corresponding to natural convection

form horizontal cylinder

Then general form for Nusselt number is

Nu:thﬁn
k
he Nux k
dﬁn
f o s b ST
w
N=rieiiie —_—
m2K

p: 1D ST
[ m
E><dﬁn2
Cross sectional area of fin = A = 4
T
B .
4
A= m2

20ME5L3 Heat and Mass Transfer Laboratory



20ME5L3 - Heat and Mass Transfer Laboratory KLNCE

Ty = Base temperature = T;

LT °c
m= [P
kA
\/ .................. X evoereerrerienren,
m=
................... X treeeeeeerennnnnns
1
M=, —
m

For a given intermediate position, X=...m

Heat transfer in fin = Qg,, =+ hpkAx (Tp —T,) x tanh (mx)

o
Fin efficiency = ™ mx X

Theoretical intermediate temperature = Tipe = {(Tb -Ty) x

cosh m(L - x) T,
cosh (mL)

20MES5L3 - Heat and Mass Transfer Laboratory
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Actual intermediate temperature = T,; = Surface temperature of fin indicated by digital

20ME5L3 Heat and Mass Transfer Laboratory

thermometer corresponding to  x

Error percentage in intermediate temperature =

Error — Difference between Ty and Tyt

=x100
Tthe

Error in intermediate temperature = =i

Error in intermediate temprature =

20ME5L3 Heat and Mass Transfer Laboratory
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Result:
Correspondingto X = m,
Heat transfer by fin = Qfin = W
Fin efficiency = Nfin = %
Theoretical intermediate temperature = Tthe = oC
Actual intermediate temperature = Tact = oC
Percentage error in intermediate temperature = %
Inference:

| have gained knowledge of measuring efficiency and heat transfer rate of fins under
natural convection.
Applications:
1. Design of fins for compressors, 1.C. Engines.

2. Design of fins for motors, condensers.

20MES5L3 - Heat and Mass Transfer Laboratory
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ExNo:5b Date:

Heat transfer from pin-fin apparatus (forced convection mode)

Aim:
To determine the heat transfer rate, intermediate temperature distributions and fin
efficiency of Pin-Fin in forced convection mode using pin-fin apparatus.
Apparatus Required:
Pin-fin apparatus
Procedure:
1. Ensure proper electrical connections and zero position of the variac.
2. Slowly rotate variac to desired values, say 100 V
3. Note down the readings of VVoltmeter and Ammeter.
4. Close control valve & switch on Toggle switch for blower. Later adjust gate valve by
seeing manometer level.
5. Note down the temperature by channel selector for every 15 minutes until steady state
condition is reached.

Formula used:

Heat transfer in fin = Qjin =vhpkAx (T, —T,)xtanh (mx)
Where,
oW
h = Heat transfer Coefficient in —5—
m-K

p = Perimeter of the cross section of the fin in m

. . W
k =  Thermal conductivity of the fin material in —

mK
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Observation:

Material of the pin-fin =

Diameter of the fin = dfin = m
Length of the fin = L = m
Thermal conductivity of fin material = k = W
mK
Diameter of the orifice = m
Tabulation:
Msnorr_]eter Heat Input Temperature of Surface°C .
eading Ambient
S. No. hy h, v | T.=T ol Ten_lq_EoC
cm | cm | (Volts) | (Amps) b
1.
2.
3.
4.
5.
6.
S No. \'jea“npult X(M) | Twe | Tex | Error | m¢ | Qi
C C |1 | (90| w
(Volts) | (Amps)
1.
2.
3.
4.
5.
6.
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A = Cross sectional area of the fin in m?

T, = Base temperature of the fin in °C

T, = Ambient or atmospheric temperature of the air in °C
[hp . .

m = [P in 1 (or)m !
kKA m

x = Length of thefin from base in m

Heat transfer coefficient can be determined by the following way

Film temperature = T, = Tm ;Ta
Where,
T = Mean surface temperature of fin To+T3+Ty+Ts

Ta Ambient or Atmospheric temperature of air
Choose the following properties of air from HMT data book corresponding to film
temperature Tr.

Density (p), Kinematic viscosity (v ), Prandtl number (Pr) and thermal conductivity (k)

Reynolds number = Re= Uxdey
|4
Where,
u = Velocity of air in ™M \which can be determine by the following formula
S
m3
Quantity of air discharged in —
uin —= S

S Crosssectional area of thefin in m?
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Model Calculation:

Mean temperature of the fin surface

_ T2 +T3+T4 +T5
Tm= 2

LT °c
Film temperature = Ty = T ;Ta
.......... R
Te =
f 2
LT °c

Choose the following properties of air from HMT data book corresponding to film

temperature Tr.

k
D= e L]
m
V oS —
Pr= . .
K = —
mK
Airhead = h (h1—h2)  Pw
100 Pa
Airhead= h = (T e ) 1000
100 1.293
Airhead=h=................... m of air
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Where,

Cq = Coefficient of discharge = 0.62

a = Cross sectional area of the orifice = %xdori2 in m?

m

g = gravity value = 9.81 s

h = airhead inm:(hl—h2)><p—W
a

Where,
Kg

pw = density of water = 1000 m?

Kg
pa = density of air = 1.293 m?

Then Nusselt number is determined by the following formula
Nu=CxRe™ x pro-333
C and m values can be chosen from HMT data book corresponding to forced

convection from vertical cylinder (Flow over cylinders)

Then general form for Nusselt number is

NU = h x dﬁn
Kk
he Nux k
diin
Fin efficiency = _ =M
fin mx X
Theoretical intermediate temperature = Tipe =| (T -Ta)xw +Ty
cosh (mL)
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NU= thﬁn
k
From that
he Nux k
dﬁn
h: .............. D G
S W
m-K

Perimeter of the cross section of the fin = p = wxdg,

P= TTXuierirrreanen
P=rriieerieennne m
Cross sectional area of fin = A = 4
A= E>< ....................
4
A=, m2
Tp= Base temperature = T;
LS °c

LT °c
m= [P
kA
\/ .................. X evoereerrerienren,
m=
................... X triinreeeeeeenninn
1
M=, —
m
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Actual intermediate temperature

= Taet = Surface temperature of fin indicated by digital thermometer corresponding to  x

Error percentage in intermediate temperature

_ Difference between T, and T,

=Error = %100
Tthe
1
M= —
m
For any one intermediate position =  X=....ccceeierenne.

Heat transfer in fin = Qg,, =/ hpkAx (T —T,) x tanh (mx)

Qi =Verrorerrerenronn. Xeeireenns Xeeereenns Xeeereenns X (covereen
Qfin = v w
Fin efficiency =1 _ _tanh (mxx) 100
fin mxx
_tanh( .................. X treaireesieennneans ) <100
fin X teireareenreannens
/S %

Theoretical intermediate temperature = Ty = {(TtJ -Ty) x

Where, L=Total length of the fin in m

cosh m(L - x) T
cosh (mL)

a

COSh ..
Tthe = |:( .................... T ) X

Tthe T OC

Actual intermediate temperature = T, = Surface temperature of fin indicated by digital

thermometer corresponding to X
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Error percentage in intermediate temperature

— Error — Difference between Ty and Tyt <100

Tthe

Error in intermediate temperature =~ T <100

Error in intermediate tempratue =............cccccoeeee %
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Result:
Corresponding to  x = m,
Heat transfer by fin =  Qfin= w
Fin efficiency = MNfipn = %
Theoretical intermediate temperature = Tge = °Cc
Actual intermediate temperature = Tat = °Cc
Percentage error in intermediate temperature = %

Inference:

I have gained knowledge of measuring efficiency and heat transfer rate of fins under
forced convection.
Applications:

1. Design of fins for automobiles.

20MES5L3 - Heat and Mass Transfer Laboratory



20ME5L3 Heat and Mass Transfer Laboratory

20ME5L3 Heat and Mass Transfer Laboratory



20MES5L3 - Heat and Mass Transfer Laboratory KLNCE

ExNo: 6 Date :

Aim:

Determination of heat transfer coefficient under natural
convection from a vertical cylinder

To determine the actual and theoretical heat transfer coefficient from the surface of

the vertical tube using natural convection apparatus.

Apparatus Required:

1. Natural Convection apparatus

Procedure:

1. Switch on CONSOLE.

2. Switch on the heater and set the voltage (say 40 V) using Variac.

3. Note down the ammeter and voltmeter readings.

4. Wait for sufficient time for the system to reach steady state.

5. Note down the Temperatures 1 to 4 using the channel selector and digital
temperature indicator.

6. Calculate the convection heat transfer co-efficient using the procedure given below.

7. Repeat the experiment for different heat inputs.
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Observation:

Material of the vertical tube

Inner diameter of the vertical tube =di= m
Outer diameter of the vertical tube =d, = m
Length  of the vertical tube =L= m
Tabulation:
Ambient
Temperatures °C Temperature Heater Input
S.No. (°C)
|
T1 T2 T3 T4 T5:Ta V (VOltS) (Amps)
1.
2.
3.
4.
5.
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Formula used for Actual heat transfer Coefficient (h,):

Actual heat transfer Coefficient = hy -
Asx(Tm -Ty)
Where
oW
ha = Actual heat transfer Coefficient in ——
2
m-K
Q = Heatenergy Supplied in W
As = Surface area of the Vertical tube in m?
Tm = Mean temperature of the surface of the vertical tube in °C
T. = Ambient or Atmospheric temperature in °C
Formula used for Theoretical method:
T +Ta

Film temperature = T¢ =

Choose the following properties of air from HMT data book corresponding to film
temperature Tr.

Density (p), Kinematic viscosity (v ), Prandtl number (Pr) and thermal conductivity (k)

_ gxBxLx(T,-T,)

Grash of number = Gr 5
14
Where
g = gravity value (constant) in mz(gzg.Slmz)
S S
B = Coefficient of thermal expansion = _l_i(Tf should be substituted in Kelvin)
f
L = Length of the vertical tube in m
m?2
v = Kinematic viscosity in —
S

Then find out the product of (Gr x Pr)

If Gr x Pr < 10* Use the following Nusselt number (Nu) formula
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Model Calculation:
Actual heat transfer Coefficient (hy)

Heat energy supplied by heater = Q =V x|

A = Surface area of the vertical tube

Ag=mxdyxL

Where d, = Outer diameter of vertical tube = ................... m
Ag=Txnn. X oaeeeeeiaans

Ag=.iiiiins m?

Ti+Tr+T3+Ty
4

LT °c
Actual heat transfer Coefficient = h, -9
Asx(Ty-Ty)
oo
& X (oo N )
Ml = e W
m-K
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0.67(GrPr)%?®
0.5625
{“ [0.492} }
Pr

If 10* < GrxPr < 10° then use the following Nusselt number formula

Nu=0.68+

0.444

Nu=0.59 (GrPr)>-?°

Then use the following expression to find out theoretical heat transfer Coefficient

htXL
k

Nu =

_ Nuxk
L

hy
Where

h: = Theoretical heat transfer Coefficient in %
m-K

Theoretical heat transfer Coefficient (ht)

Film temperature = T = Tm—;Ta
.......... F e
Te =
f 2
LTSI °c

Choose the following properties of air from HMT data book corresponding to film
temperature Tr.

_ kg
P F
m2
N —_—
S
Pr=.
K= oo W
mK
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B = Coefficient of thermal expansion = Ti (T, should be substituted in Kelvin)
f

1%

Gro s X treivreannnes Xrrerireennns Y (P e )
(€]

GrxPr=...cccccunnn... X tteeeriareeens
GrxPr=.iiieiiieeeeeeennnnnn.

If GrxPr < 10* Use the following Nusselt number (Nu) formula

0.25
Nu =068+ 0.67(GrPr)
0492 05625 0.444
1+ =
b
0.25
NU =068+ 0.67(ccccveiriiriinne. )

(on)

Else if 10% < GrxPr < 10° then use the following Nusselt number formula

Nu=0.59 (GrPr)>-?°
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Theoretical heat transfer Coefficient = hy = Nuxk
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Result:
. W
Actual heat transfer Coefficient =h, = ——
m“K
. . W
Theoretical heat transfer Coefficient =h; = —_—
m2K

Inference:
I have gained knowledge of measuring heat transfer coefficient between a vertical cylinder
and atmospheric air under natural convection mode.
Applications:
1. Design of air cooling system for I.C. engines.
2. Design of air cooling system for compressors.

3. Design of natural draught cooling towers.
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Ex No: 7 Date:

Determination of heat transfer coefficient under forced convection from a

Aim:

tube

To determine the actual and theoretical heat transfer coefficient of a horizontal tube

using forced convection apparatus.

Apparatus Required:

1. Forced Convection apparatus
Procedure:

1. Switch on the CONSOLE to activate the control panel.

2. Switch on the blower unit first and adjust the flow of air using wheel valve of blower
to a desired difference in manometer.

3. Switch on the heater and set the voltage (say 80 V) using the Variac.

4. Note down the ammeter and voltmeter readings.

5. Wait for reasonable time to allow the system to reach steady state.

6. Measure the temperatures from T; to Ts using the channel selector and digital
temperature indicator.

7. Calculate the convective heat transfer co-efficient using the procedure given below.

8. Repeat the experiment for different values of power input to the heater and blower air

flow rates.
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Observation:

Material of the tube =

Inner diameter of the tube = d = m
Outer diameter of the tube = d, = m
Length  of the verticaltube = L = m
Diameter of the orifice = doi = m
Tabulation:
Manometer Heat Input Surface Air
Reading, b Temperature of the | temperature
S.No. | (m of water) tube °C
| he | Y ' I T | T | T | TS

(Volts) | (Amps)
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Formula used for Actual heat transfer Coefficient:

_ Q
: Agx (T, -Ty)

Actual heat transfer Coefficient

Where
. . . w
h, = Actual heat transfer Coefficient in ——
2
m-K
Q = Heat energy Supplied in W
A = Surface area of the tube in m?
Tm = Mean temperature of the surface of the tube in °C
Ta = Forced air temperature in °C
Formula used for Theoretical method:
Film temperature = T¢ = @

Choose the following properties of air from HMT data book corresponding to film
temperature Tr.

Density (p), Kinematic viscosity (v ), Prandtl
number (Pr)

and  thermal conductivity (k)

Reynolds number = Re = 4*do
1%
Where, u = Velocity of air in mWhich can be determine by the following formula
S

3
Quantity of air discharged in m-

uin —= S
S Crosssectional area of the tubein m

U Cq xax4/2gh

2

Ty do2
Where,
Cq = Coefficient of discharge = 0.62
a = Cross sectional area of the orifice = %xdoriz in m?
: m
g = gravity value =9.81 =
S
h = airheadinm= (hl—hz)xp—""

a
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Model Calculation:

Actual heat transfer Coefficient (hy)

Heat energy supplied by heater =Q=VxI
Q=.conee. Xiieeereens
Q= W
As = Surface area of the tube
Ag=mxdyxL
Where
do = Quter diameter of tube = ................... m
Ag=TX.ine Xivorienens
Ag=.ooiiiiiinnn m?
Mean temperature of the vertical tube surface = Tp, Lt +-;2 T3
.......... FoveerrereeF e
T = e, °c
T4 + T5
Forced air temperature = Ta = >
.......... F oo
T —
a 2
LT °c
Actual heat transfer Coefficient = = Q
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Where,
_ . _ kg
Pw = density of water = 1000 —
m
Pa = density of air = 1.293 k—%
m

Then Nusselt number is determined by the following formula
Nu=CxRe™ x Pro3%%
C and m values can be chosen from HMT data book corresponding to forced
convection from vertical cylinder (Flow over cylinders)

Then general form for Nusselt number is

Nu:hthO
k

hy = Nuxk
do

Theoretical heat transfer Coefficient (ht)

Film temperature = T Tm;Ta
.......... i I
Te =
f 2
LT °c

Choose the following properties of air from HMT data book corresponding to film

temperature Tr.

kg
P ittt iie e F
m2
\' e, —
S
Pr R VURUURUURURT
K e W
mK
Airhead = h = (hy—hy)xPW

Pa
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Airhead = h = (... e )

Airhead = h=........... m of air

Cd Xax,/2gh

Velocity ofair = u=
T d,2
470
0.62x%xdori2x,/29h
u=
n 2
“xd
4”70
0.62X = X.ovvvrven.. x\/2%9.81X .o,
U=
T
— X
4
m
VST —
S
Reynolds number = Re -UXd"
|4
Re — oo D
Re=

Then Nusselt number is determined by the following formula

Nu=CxRe™ x prd-333
C and m values can be chosen from HMT data book corresponding to forced convection

form cylinder (Floe over cylinders)

Then general form for Nusselt number is

_ hyxdp
k

Nu
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From that
hy = Nux k
do
ht e D G
W
Nt =i —5—
m-K

Result:

Actual heat transfer Coefficient

Theoretical heat transfer Coefficient

Inference:

hy

3
e

W

3
N}
A

| have gained knowledge of measuring heat transfer coefficient for forced convection

through a tube.
Applications:

1. Design of forced draught cooling towers.

Design of tubes of boilers, refrigerators and air-conditioners
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Ex No: 8 Date :

Effectiveness of Parallel flow heat exchanger

Aim:
To determine the rate of heat transfer, overall heat transfer coefficient and effectiveness
of the parallel flow heat exchanger.
Apparatus Required:
1. Parallel flow heat exchanger apparatus
2. Thermometer
3. Stop watch
4. Measuring container
Procedure:
1. Open the Main valve and allow the water to flow through the geycer and ensure that
water flows through the inner pipe of the apparatus.
2. In order to make the parallel flow between hot water and cold water open valve
numbers 1, 2 and 4, and close the valve numbers 3 and 5.
3. Measure flow rate of both hot and cold water.
4. Note down temperatures at inlet and outlet for both fluids.
Formula used:

thph (Tl 'Tz) + mccpc(tz _tl) |

Heat transfer rate = Q= ,
Where,
— . kg
mp = Mass flow rate of hot water in —=
S
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Observation:

Diameter of the inner tube = = m
Length of the heat exchanger = L = m
Specific heat of hot fluid = Coh = 3
kgK
Specific heat of cold fluid = o = o
kgK
Tabulation:
Hot water Cold water
Time for 200 Time for 200 ml
S.NO. | m| of hot water tlnlet (t)utlet of cold water tlnlet ?Utlet
collection (sec) | o P collection (sec) o emp-
T, T,°c t;°c t,°c
1.
2.
3.
4,
5.
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Cph = Specific heat of hot water in o
kgK
Ty = Inlet temperature of hot water in °C
T, = Outlet temperature of hot water in °C
_ . kg
me = Mass flow rate of cold water in —
S
Cpc = Specific heat of cold water in .
kgK
ty = Inlet temperature of cold water in °C
to = Outlet temperature of cold water in °C

We know that
Q=UxAx(LMTD)

Q W

Hence Overall heat transfer Coefficient = U = in
AxLMTD m2K

Where,

2

A Surface area of the inner tube = txdxLinm

(T1 'tl) B (Tz - tz)

LMTD = Logarithmic mean temperature difference = in °C (or) K
In g
Tz - tz
Cy = MnCpn
Cc = meCy

If Cy is minimum assign Cp =Cp,in and C. = Criax and use the following formula for
determining effectiveness

e MpCph (T1-T2)
Cmin(Tl 'tl)

Else If C. is minimum assign C, =Cpin, and Cy, = Crmax and use the following formula for
determining effectiveness
- MCpe(tz-11)
Crnin (Tl - tl)
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Model Calculation:

Mass flow rate of hot water =

— 200ml . @
" Time for 200ml of hot water collection in seconds x 1000 S
200ml
mp =
.......................... x1000
kg

mh e i irssssrssaraans ?

Mass flow rate of cold water =

200ml . kg

m. = in
°  Time for 200ml of cold water collection in seconds x 1000 S

200ml
me =
.......................... x1000
M, = kg
S

in W
2
[ Xourarireenens X (coveerenans e ) F o Xourarnreenens X (coveernnans TR )
Q 2
Q=i w
imtp= (it - -6) 5 °C (or) K
Tl 'tl
In—4—=
T2 'tz
LMTD:( ............ e )-(_ ............. s )
|y e T
LMTD=.reeeeeeeeeenn. K
A = Surface area of the inner tube = txdxLin m?
A=TX.cccu..... NPT
Axiiiniinnn, m2
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Q . W
In
AxLMTD  m2K

Overall heat transfer Coefficient= U =

If Cy is minimum assign Ch =Cpin and C; = Chax and use the following formula for
determining effectiveness

. mhcph(Tl 'Tz)

Else If C. is minimum assign C; =Cpi, and C,, = Cnax and use the following formula for
determining effectiveness

_ mcCpc(tZ _tl)
Cmin (Tl _tl)
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Result:
Rate of heat transfer =Q-= W
. . w
Overall heat transfer Coefficient =U-= —_—
2
m-K
Effectiveness of heat exchanger =¢ =
Inference:

I have gained knowledge of measuring heat transfer rate and effectiveness of parallel
flow heat exchangers.
Applications:
1. Design of Heat exchangers.
2. Dairy plants.

3. Oil refineries.
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Ex No:9 Date :

Effectiveness of Counter flow heat exchanger

Aim:
To determine the rate of heat transfer, overall heat transfer coefficient and
effectiveness of the counter flow heat exchanger.
Apparatus Required:
1. Counter flow heat exchanger apparatus
2. Thermometer
3. Stop watch
4. Measuring container
Procedure:
1. Open the Main valve and allow the water to flow through the geycer and ensure that
water flows through the inner pipe of the apparatus.
2. In order to make the parallel flow between hot water and cold water open valve
numbers 1, 3 and 5, and close the valve numbers 2 and 4.
3. Measure flow rate of both hot and cold water.
4. Note down temperatures at inlet and outlet for both fluids.

Formula used:

thph (Tl 'Tz) + mccpc(tz _tl) |

Heat transfer rate = Q= 5

Where,

.k
mp = Mass flow rate of hot water in L]
S
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Observation:
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Diameter of the inner tube = = m
Length of the heat exchanger = L = m
Specific heat of hot fluid = Cph I
kgK
Specific heat of cold fluid = Cpc .
kgK
Tabulation:
Hot water Cold water
Time for 200 Time for 200 ml
S.NO. | ] of hot water Inlet Outlet of cold water Inlet | Outlet
collection (sec) temp. temp. collection (sec) temp. | temp.
Ti°C T°C t1°C t,°c
1.
2.
3.
4.
5.
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Specific heat of hot water in 3

C =
P kgK
Ty = Inlet temperature of hot water in °C
T, = Outlet temperature of hot water in °C
me = Mass flow rate of cold water in kg
S
Cpc = Specific heat of cold water in o
kgK
ty = Inlet temperature of cold water in °C
to = Outlet temperature of cold water in °C

We know that Q=UxAx(LMTD)

Q W
in
AxLMTD m2K

Hence Overall heat transfer Coefficient = U =

Where,

A 2

LMTD

Surface area of the inner tube = txdxLinm
Logarithmic mean temperature difference =

(Tl 'tz) '(Tz 'tl) in °C (or) K

In Tl - tz

Tz - tl
Ch = MnCph
C. = McCpc

If Cp is minimum assign Cp =Cyin and C; = Cpax and use the following formula for

determining effectiveness

c— mhcph(Tl 'Tz)
C:min (Tl _tl)

Else If C¢is minimum assign C. =Cni, and Cy, = Crax and use the following formula for

determining effectiveness

_ mccpc(tz _tl)
Cmin (Tl -tl)
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Model Calculation:

Mass flow rate of hot water =

200ml . kg

my,

N Time for 200ml of hot water collection in seconds x1000 S

_ 200ml
mp =
.......................... x1000
kg
mh e i irssssrssaraans ?
Mass flow rate of cold water =
B 200ml . @
°  Time for 200ml of cold water collection in seconds x 1000 S
B 200ml
mc_
.......................... x 1000
M = kg
S
_ mhcph(Tl 'T2)+mccpc(t2 'tl) .
2
............ D S S T I D D T
o- ( ) ( )
2
Q=i w
imrp = Jimte)=(Te-t) 4 °C (or) K
Tl'tz
In
Tz ’tl
LMTD=( ........................ )-(- ............. e )
[ e T
LMTD=...ccccevvneennn. K
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A= Surface area of the inner tube = txdx L in m?
A=TTX.ccoooun.... X oeererrrenens
A=, m2
Overall heat transfer Coefficient= U = Q in w
AxLMTD m2K
o
............. D S
U W
m-K
C, =m, xc,,
Ch =i, Xoatroreneenes
W
Ch =i —
h K
C.=m,xC,
Ce =, Xoviririnnnns
w
CC T i irsrssrsrssEssssrrarnnan ?

If Cp is minimum assign Cp =Cyin and C; = Cpax and use the following formula for

determining effectiveness
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Else If C. is minimum assign C. =Cpi, and Cy, = Crmax and use the following formula for

determining effectiveness

c— mcCpc(tZ _tl)
Cmin (Tl _tl)
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Result:

Rate of heat transfer =

Overall heat transfer Coefficient

Effectiveness of heat exchanger

Inference:

I have gained knowledge of measuring heat transfer rate and effectiveness of counter

flow heat exchangers.

Applications:
1. Design of Heat exchangers.
2. Dairy plants.

3. Oil refineries.
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Ex No :10 Date :

Aim:

Effectiveness of Cross Flow Heat Exchanger

To determine the effectiveness of a given cross flow heat exchanger

Apparatus Required:

1.
2.
3.

Cross flow heat exchanger apparatus
Stop watch

Measuring container

Procedure:

1.

Connect water pipes from the sources to geycer and to heat exchanger and clamp the
hoses to prevent water leakage.

Provide 220 volts, AC, 15 power supply to the unit.

Fix the hose for hot water coming out from the geycer to entering on the side of the
shell.

Also, fix the hose for cold water coming out from the source to entering on the bottom
side of the shell.

Now put on geycer & adjust the flow rate of entering water into geycer for required
hot water temperature.

Adjust flow rate of cold water also and should be lower than that of hot water.

Switch on digital temperature indicator & note down all four temperatures. Once the
steady state is reached note down flow rate of hot water & cold water with the help of
measuring container.

20MES5L3 - Heat and Mass Transfer Laboratory
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Tabulation:
. ' Temperature in °C
Time for 100ml TIToeI;OvT/;t%?’mI P
S.No. | hot water collection . Hot water Cold Water
(Sec) collection
' (Sec.) Ts Ty T, T

Formula Used:

m. = 100ml i kg

n Time for 200ml hot water collection in seconds x1000 s

Where

myp = Mass flow rate of hot water in @

S
m = 100ml in kg
¢ Time for 200ml cold water collection in seconds x1000 S

Where

m. = Mass flow rate of cold water in @

S

Q. = m, xCp, x(T,-T,)
Model Calculation:
Mass flow rate of hot water =

_ 100ml . kg
m, = in—=

Time for 100ml of hot water collection in seconds x1000 S

100ml
my, =
.......................... x1000
ki
m, = ?g

20ME5L3 Heat and Mass Transfer Laboratory



20ME5L3 - Heat and Mass Transfer Laboratory

Mass flow rate of cold water

100ml
m =
‘ Time for 100ml of cold water collection in seconds x 1000
_ 100ml
me =
.......................... x1000
Me = oo kg
S
Q, = mhcph(Tl'Tz) inW
Qn = XA183X (oevrririrnenne
Qi T w
Q. = mgc,(T,-T,) inW
Qi T X4183% (cevveererenne -
Q. T W
c o= %
Qs
. o e
& e
Where
Qn = Heat transfer rate from hot water in Watts.
Cpn = Specific heat of hot water = 4183L
kgK
T1 = Inlet temperature of hot water in K.
T, = Outlet temperature of hot water in K.
Q. = mcxcpcx(T3-T4)
Where
Q. = Heat transfer rate to cold water in Watts.
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Cpc = Specific heat of cold water = 4183L
koK
T, = Inlet temperature of cold water in K.
T3 = Outlet temperature of cold water in K.
c o= 2
Qn
Where
€ =  Effectiveness of heat exchanger
Result:
Effectiveness of cross flow heat exchanger = ¢ =
Inference:

| have gained knowledge of determining effectiveness of cross flow heat exchangers.
Applications:
Design of Heat exchangers.
Dairy plants.
Oil refineries.
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Ex No: 11 Date :

Determination of Stefan — Boltzmann constant

Aim:

To determine the Stefan Boltzmann Constant of thermal radiation using Stefan
Boltzman apparatus.

Apparatus Required:

1. Stefan Boltzmann Apparatus
2. Stop watch

Procedure:

1. Ensure that water is filled in the geyser, open the outlet gate valve, allow water to
flow through the hemisphere.

2. Switch on the heater and allow the hemisphere to reach a steady temperature.

3. Once steady state is achieved, insert the disc in the bracket, note down the time in
seconds for every degree rise in temperature.

4. Continue the experiment until steady state condition is reached in the inserted disc.

5. Plot the curve of Time increment Vs Temperature increment for the disc.

6. Determine Stefan Boltzmann’s constant analytically and graphically.
Formula used:

Stefan Boltzmann Constant = o :%
Ax(T,"-T,")
Where
Q = Heat transfer takes place in disc in W
A = Surface area of the disc in m2.
Th = Surface temperature of the hemisphere in K
Td = Surface temperature of the disc in K
Q=mxc, x a7
s
Where
m = Mass of the disc in Kg
Cp = Specific heat of disc material in o
kgK
dt = Rise in time in seconds
dT = Corresponding rise in Temperature of the disc in °C
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Observation:

Material of the Disc

Diameter of the disc d = m
Mass of the disc m = kg
Specific heat of the disc material = ¢, = o
kgK
Tabulation:
Temp. of Time in
SN hemisphere °C Temperatur | seconds for
N0 e of disc Every Degree
T T, T3 °C Rise in disc

SRR I A
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Model Calculation:

Stefan Boltzmann Constant determined by analytical formula

Heat transfer takes place in disc =

Q= X tevrreeeenans x
Q=i W
A::EXd2
Surface area of the disc = 4
A= E>< .................
4
A=, m2

Th
Surface temperature of the hemisphere =
.......... F vt e
T =
" 3
Th = eeereeeeeeeeeenn. °c
Th =, +273 = oo K

Stefan Boltzmann Constant = 6 = —————~
Ax(T,"-Ty)

dT
Q=m><Cp XE

KLNCE
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Stefan Boltzmann Constant determined by graph
Plot the curve of Time increment Vs Temperature increment for a disc in graph.

ar
Determine the slope of the curve dt

From the slope, calculate the following.

dT
Q=mxC,x—
Heat gained by the disc = dt
Q= X eeererereees oy
Q=i w
Stefan Boltzmann Constant = G:L
Ax(Th-Ty)
S SIIeS
.................. X (crvereeieereene T rree e
o= w
................................. 28

m 20ME5L3 Heat and Mass Transfer Laboratory



20ME5L3 - Heat and Mass Transfer Laboratory KLNCE

Result:
. : w
Stefan Boltzmann Constant determined by analytical formulas= o = 57
m“K
. wW
Stefan Boltzmann Constant determined by graph = o6 = 52
m°K
Inference:

| have learnt how to measure Stefan-Boltzmann constant for thermal radiation.
Applications:

1. Solar Collectors

2. Solar power plants

3. Radiant super-heaters
4

Radiation heat exchange between two surfaces.
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Ex No: 12 Date :

Determination of emissivity of a gray surface

Aim:
To determine the emissivity of the gray surface using emissivity measurement apparatus
Apparatus Required:
Emissivity Measurement Apparatus
Procedure:
1. Give necessary electrical connections and switch on the CONSOLE ON to activate the
control panel.
2. Switch on the heater of the Gray body and set the voltage (say 45 V) using the Variac
3. Switch on the heater of the Black body and set the same voltage (say 45 V) using the
Variac.
4. Wait to attain the steady state condition.
5. Note down the temperatures at different points and also the voltmeter and ammeter
readings.
6. Tabulate the readings and calculate the surface emissivity of the gray surface.

Formula used:

Emisive powerof gray surface o xAx (T, -T,")

Emissivity of gray surface = e=——— = —
Emissive power of black surface oxAx(T,"-T,")

_ (Tg4 - Ta4)

E= —M —
y—
(Th -Ta")

Where,

Tg
Th
Ta
20MES5L3 - Heat and Mass Transfer Laboratory

Surface temperature of the gray surface in K

Surface temperature of the black surface in K

Ambient or Atmospheric air temperature in K
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Observation:

Material of the gray and black surfaces =

I
o
I
3

Diameter of the gray and black surfaces

Tabulation:

Heater input

Temperature°C
S. No. Black body Gray body

\Y I \Y |

Volts | Amps | Volts | Amps To | To | Ta | Ta | Ts

10.
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KLNCE

Model Calculation:

Temperature of gray surface = Ty = T3 ;T4
............ Forreerenns
T. =
g 2
_ )
Ty = eevrrernen c
Ty =i £273 = s K
Temperature of black surface = T, Lt ;TZ
............ Forerrenn
T =
b 2
Th = eeereererenns °c
L [ +273 = e K

Emissivity of gray surface = €=

Emisive powerof gray surface  oxAx(T,*-T,%)

(Tg4 'Ta4)
&€=
(To*-Ta")
U S )
(oo, R )
E= i

Emissive power of black surface  oxAx (Tb4 - Ta“)
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Result:
Emissivity of the gray surface = ¢ =
Inference:
| have gained knowledge of measuring emissivity of gray surfaces.
Applications:

1. Design of solar equipments

2. Shape factor analysis

m 20ME5L3 Heat and Mass Transfer Laboratory



PROGRAM OUTCOMES (POs)
Mechanical Engineering Graduates will be able to

Engineering knowledge: Apply the knowledge of mathematics, science,
engineering fundamentals and an engineering specialization to solution of
complex engineering problems.

Problem analysis: Identify, formulate, review research literature, and analyze
complex engineering problems reaching substantiated conclusions using first
principles of mathematics, natural sciences, and engineering sciences.

Design / development of solutions: Design solutions for complex engineering
problems and design system components or processes that meet the specified
needs with appropriate consideration for the public health and safety, and the
cultural, societal, and environmental considerations.

Conduct investigations of complex problems: Use research-based knowledge
and research methods including design of experiments, analysis and
interpretation of data, and synthesis of the information to provide valid
conclusions.

Modern tool usage: Create, select and apply appropriate techniques, resources,
and modern engineering and IT tools including prediction and modeling to
complex engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual
knowledge to assess societal, health, safety, legal and cultural issues and the
consequent responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate
the knowledge of, and need for sustainable development.

Ethics: Apply ethical principles and commit to professional ethics and
responsibilities and norms of the engineering practice.

Individual and team work: Function effectively as an individual, and as a
member or leader in diverse teams, and in multidisciplinary settings.

10

Communication: Communicate effectively on complex engineering activities
withtheengineering communityandwithsociety atlarge, such as, being able to
comprehend and write effective reports and design documentation, make
effective presentations, and give and receive clear instructions.

11

Project management and finance: Demonstrate knowledge and understanding
of the engineering and management principles and apply these to one’s own
work, as a member and leader in a team, to manage projects in multidisciplinary
environments.

12

Life-long learning: Recognize the need for, and have the preparation and ability
to engage in independent and life-long learning in the broadest context of
technological change.
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