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HEAT TRANSFER AND SOLAR ENERGY LABORATORY
DEPARTMENT OF MECHANICAL ENGINEERING, AMU, ALIGARH

CALIBRATION

Object: Calibration of temperature indicator and thermocouples

Introduction:

Thermocouple, a transducer based on Seebeck effect is the most common and widely used device for
temperature measurement. It is a self generating transducer and is basically a pair of dissimilar metallic
conductors joined to produce an e.m.f. when the two junctions are kept at different temperature. The
magnitude of e.m.f. depends upon the magnitude of the temperature difference and the material
combination.

Thermocouples are low in cost, reliable in service, are easily used over a wide range of temperature
measurement and have very good response characteristics.

The apparatus consists of a temperature indicator (digital type, least count of 1mV with dial range 0-
10/0-30 mV), an ice bath, hot bath and a panel for connecting thermocouple etc.

Procedure:

1. Connect the copper metal wire to common binding post *+C’ and the constant metal wire to binding
post No. 1 or No. 2.

2. Keep the channel selector switch SW; on 1st position or second position depending upon the couple
connection.

3. Now switch on (SW, and SW5) heater and temperature indicator supply and keep it on for about 10-
15 minutes in order to allow warming up time for the circuit.

4. Keep the ice-bath and boiling water ready for use.

5. Immerse the thermocouple in ice-bath at 0°C by proper stirring and check it by thermometer. Get
zero reading on digital temperature indicator by means of potentiometer marked minimum.

6. Now the same thermocouple bead should be immersed in the boiling water. Note that the
thermocouple should not touch the water container. Adjust the corresponding boiling water
emperature by means of potentiometer marked max. This finishes rough calibration.
Rep 6 until you get consistent results as per thermometer.

m procedure switch over to other channels and see that the same response is

getting steady indication for all these procedures. Any loose connection will
t deflections. When you check for channel selectors, switch on SW also.
e for calibration of the thermocouple.

.

res properly at binding posts.
to the millivoltmeter or temperature indicator without connecting the

| be in small crystal form

er, includes measuring junctions, thermocouple extension wires,
1g wires, a selector switch and a potentiometer.

s for sensing small temperature differences. It magnifies
souples in series, enabling the deflection of small
gives, by calibration, the arithmetic means of
ions, when total e.m.f. is divided by N.
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Different sets of thermocouples:
Some of the thermocouple pairs are as follows:

S. No. | Thermocouple pairs Type Temperature ranges (°C)
1 Chromel-Constantan Type-E -10 1o 980
2 Iron-Constantan Type-J -180 to 760
3 Chromel-Alumel Type-K -101t0 1370
4 Copper-Constantan Type-T -180to 390
Y Platinum-13% Rhodium & Platinum Type-R -0 to 1640
6 Platinum — 15% Rhodium & Platinum Type-S -0 to 1640

Name.. NIKREL.QTgh.........Class. A3 MA...sNo... . Q5. Dater. L9/08/ 24

Observation Table:
Thermocouple type: Copper-Constantan, Type — T

SNo Hot bath temperature Reading of Temp. Indicator Reading of
~ | (Standard Thermometer) (°C) (°C) Millivoltmeter (mV)
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY
DEPARTMENT OF MECHANICAL ENGINEERING, AMU, ALIGARH

THERMAL CONDUCTIVITY

Object: To determine the thermal conductivity of an Insulating material by two slabs guarded hot plate
method.

Principle of Guarded Hot Plate Method:
Guarded hot plate method is the most accurate method to find the thermal conductivity of solids having

low conductivity.

The essential parts - the hot plate, the cold plates, the heater assembly, thermocouples and the
specimens in position are shown in Fig. 1. It is required to have a one-dimensional heat flow through
the flat specimen, and arrangement for maintaining its faces at constant temperature and some metering
methods to measure the heat flow through a known area. To eliminate the distortion caused by edge
losses in unidirectional heat flow, the central plate is surrounded by a guard ring, which is separately
heated; temperatures are measured by calibrated thermocouples either attached to the plates or to the
specimens at the hot and cold faces. Two specimens are used to ensure that all the heat comes out
through the specimen only. Knowing the heat input to the central plate heater, the temperature
difference across the specimen, its thickness and the metering area, one can calculate the value of k for

the specimen:
2 qL
2A(T,-T,)
Where k = Thermal conductivity of the specimen, W/m°C
. A = Metering area of the specimen, m

T.and Ty = Average temperature of cold plate and hot plate respectively.

L = Thickness of specimen, m
Description:

The heater plate is surrounded by a heating ring for stabilizing the temperature of the primary heater
and prevents heat loss radially around its edges. The primary and guard heaters are made up of mica
sh is wound closely spaced Nichrome wire and packed with upper and lower mica sheets.

form a plate which along with upper and lower copper plates and rings form the

used to measure the hot face temperature at the upper and lower central heater
Two more thermocouples are used to check balance in both the heater input

reen the heater and cooling unit on each side of the apparatus, thermocouple
ure the temperature of the upper cooling plate and lower cooling plate,
chamber is a composite assembly of spiral grooved Aluminium casting and
y and exit adaptors for water inlet and outlet.

and then calculated input is given to the central and guard heaters through
with dimerstat in each line and it is adjusted to maintain the desired
put is adjusted such that there is no radial heat flow which is checked
and the thermocouple readings are recorded every 10 minutes till a
n is reached. To ensure no radial heat transfer, the outer heater input is
central heater input.

Scanned with CamScanner



Uc(s) DC(6)

Outer Heater

DICID
(A) Central heater core, (B) Central surface plates, (C) Guard heater, Inner Heater
(D) Guard surface plates, (E) Cooling unit with surface plates,
(F) Test specimens, (1) Insulation sheet, UC,UI,UO,DC,DI,DO Thermocouples

TWO SLAB GUARDED HOT PLATE SCHEMATIC ASSEMBLY CENTRAL AND GUARD HEATERS

wo slab guarded hot plate schematic assembly central section

corded by each thermocouple against time on the same graph paper
itions. :
for last reading when steady state has been attained and compare it with the
‘Discuss on the results.
nductivity of materials.
: material depends upon its state and varies with the structure,
mperature: Explain
uctivity of metals higher than that of fluid?
ctivity of insulating material lower than that of metals and alloys?
s of determining thermal conductivity.
; resistance.
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

Class: A3 MA Section: __ A S.No. 05
Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title): ___Heat Pfpe

Date of Experiment Performed : 288134
Due date of Submission 3 o4l 09) a4
Late Submission date :

Teachers’ Remark

Marks Awarded
Rubric No. I I |II| Iv V | Total
Maximum Marks 1 1 2 3 3 RS =
Marks awarded ) o g 2 o

Rubncs for laboratory courses smm/"@\
f the experiment and specifications of the equipment/in ents udeti
" theory and related equations used

ation Sheets, Sample calculations (student should explain at the time of evaluation)
mathematical/graphical (student should explain at the time of evaluation)
issions (should be different from other students)
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Class i A3MA
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Name...N.[ Kh'o"g '.ngb ..... Class ﬂ 3 M ﬁ ......... 8. No.. 0, ?' ........ Date: ’28,08 L? 4
OBSERVATIONS
Observation Table 1
Unit Ti?;er:ait:;;ﬂ . Temp,e{r’gtﬂulre at thg@g‘cpume locz}’non, °C
1 2 3 4 5
H;““’i"e 9  |3846 | 333 | 36| 3¢ | 318
=00
12085 0 |39°2 | 38 |3%3| 34-8|32%
60 393 | 38Y | 33| 352 | 339
6 7 8 9 10
Stainless steel
pipe 40 5I)l | 382 | 231 | 29:8 |289
v= 60 (v) 50 . ‘Y - 29°9 | 29-0
e 519 | 384 | 332 |2 9
60 5¢ | 399 392 | 36 | 492
11 12 13 14 15
i 40 Ygs | Yoo | 343 |3)Y | 33
L 50 ygel | 40-3 | 3.1 | 3)F | 38
60 Y3-6 | YI'2 | 35 | 324 | R3
- =7
Unit D - Time ;r(;terval (h;'l(l)nutes) = =
Heatpipe | 293 | 302 | 3)0 | 3-8 | 32°5| 329
Steslpipe |35 | 236 |Rg-p | R81|R9-0| 29-2
erPipe 129 299 | 306 313 (38 | 323
“n"- V/°C of the three pipes
it pipe | Stainless steel pipe Copper pipe
i 15-85
. | 687 R&
kel 3-90
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

: Class: A3MA Section: __A S. No._ 05
Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title):__Extended Swyace

Date of Experiment Performed :  oy) 09) 24

Due date of Submission 35 109) &4

Late Submission date . 7

7
Teachers’ Remark
Marks Awarded
Rubric No. I Im | I | Iv V | Total

| Maximum Marks 1 T 3 3 10
l Marks awarded | B2 s A

y and related equations used
)4 ’Sheets, Sample calculations (student should explain at the time of evaluation)
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OBSERVATIONS
Forced Convection
VelocityoFair, T (oL L . s
Heat supplied, q =l Qi w
- 5x4
. Air
. Time Surface temperature (°C) TemperatireC’C) |
N I Minutes) | 1 | 2 [ 3 [ 4 [ 5[ 67 ]38 9 10
uq | 4] [ BT [45]y2]| Y| 50| 4] % 3|
10 59 | 49| 61| 54| 50| Y3 | co| 4| 3! 3|
15 44| 588 63| 58| 54| 51| ¢5| 83| 31 al
20 £ | 55|69 | 60| 56 | 52| (3| 55| 3 3)
25 |49 [543 [62] 53253169 5] B 3
30 20[5% (32| ¢3 | 58| 54 3 [ 5% 3 3|

25 21|53 [ 33|64 | 39| 559258 | 3] 3
a0 H|[ 57 [53[45[57 [54 [ 32| 58] 3 3l

V)
N\ >
W17 2
(_(.
7 UN
Free convection
e Surface temperature (°C) £
. T Temperature(°C)
jAN2 3 4 5 6 7 8 9 10

15 [SY | so| 48 |ké | 55| 47| 30 | 30
60 [T (658 [ sR][4 | o] 30| 30
B [ B84 B [ 1Y [0 |83 [13 [ 32| 3i
Bo |41 85| 8| [761q0 [ 79[ 22 [ 22
iy (98 1892 | @ [ 8o [qy| &3] 33 Sl
1 |loo | 93 8Y (28 | &7 | 3y | 32
2] a5 )79 | Bél1ol | 89 =u | 32
_(wslax|a3| g7 [we3[ag) | 34 |32
1071 |A49 | 46 [qD [ 105 (44 | 34 | 32
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2.

St

Calculations:
Ll

Plot T Vs t (t = time) for every thermocouple point on the same graph paper; this will show steady
state conditions.

Using the boundary condition: T = Ty, at x = L¢ and the observed values of T, and T, under the
steady condition, determine ‘m” from the equation (3) and then find the heat transfer coefficient, h.
Using the equation (2), plot the observed temperatures with x. This will show a straight line; the
slope of which will also give the value of ‘m’ and hence, calculate ‘h’.

’ Hg:atg; Plate

Fig.1 Arrangement of Thermocouples

"egiunder the forced and free convections.
it transfer for a single fin and for the total number of the fins (if any) and
rom the unfinned portion of the plate. Also find the fin efficiency and

b u
Biot number in your experiment.
ss numbers related to the convective heat transfer.

| o) o

q.
(W)
F (3455 | (Y A | 0-559) F64(R 640

|

[taa¢ X814 |o-259 |901% 5870

-
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

Class: A3MA Section: 04 A S.No. 05

Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title): Sodast_cooke S
Date of Experiment Performed : 09 [10] 24
Due date of Submission 16l )olR4
Late Submission date : 1810 24
Teachers’ Remark
Marks Awarded
Rubric No. I I |mj| v Total

Rubrics for laboratory courses
L Object of the experiment and specifications of the equipment/i ents used.
IL Brief theory and related equations used
m o on Sheets, Sample calculations (student should explin at the time of evaluation)

atical/graphical (student should explain at the time of evaluation)

d be different from other students)

Name :_ NIEndl Singh
A3 MA

0%
RAMEBLZ 3
GL 495

Class

Maximum Marks B T2 3 [ 3 [ 10 K
Marks awarded l ! D (b8 Ol e o Akl
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Observation Tables:

Ambient Temperature of the Cooking pot cover Air
Air material into the Pot. temperatures. velocity
C) (°C)
S. | Time | Solar | Solar IE Ty |Ta | T3 | Ta [Ts | Te | T7 | T | To | Tio | m/s T |
N. . flux | Flux (¢46)) c
(miv) mV) | (Wim?) E
.o [52 [6422 | 38 19 (19 [(8:8]18-7|20-2] 33 (4)-3[ Y4 Y8l oY | YoY| 194
2. | 5 | 49 [60s45] 38  [249l26M1 9304l (538 594|593 £21 -3 | 564 29
2 | 10 [Y4'5[55533 38 [34334-2U58| 2608321 £ 598 [603 ;8B |595|383
I5 196 [5¢3) | 33 [3643¢5]031(38)| y3261-9]646%3] |65 0-2 |63%|383
5 [ 201 49 [g0SS | 23 [339595|309 yoys|ga 4856659 462 -] 1€5) | 399
£ 5+ |¢2985| 38 [yy[y5 [u55|us2lyg-glea-800s (33 |92¢| 0°93 |ForF 458
2| 30 | Y9 [£eSS | Yi  [wdsra[Beg5adses [1v.d Y925 [Bord] 10F  |9FY 524
5 1 35 | 4.5 55535 | 33 [539x4[550¢3[6l [%5[Fy -2 [go| [-§s [€-8 |52
Q. | 40 | Y6 15481 | 38 |sp3[593[ 80 (¢ [6Y |29 |50%| 30 So'i]_ﬂ‘_ﬂ_go" 61°5
0| 45 [ Y{ [ 5434 29 25[6344249(32)]¢9-831 8 33% 34| -5 1359 |64 9
N [ 5ol Y2][g83 33 [653(66 (654 a-glgn )k Br4| B3 3% 84 0-23 (83 |63+¢
19.] 6o |Y-2 |53k5 | 235 |68 16973055433 362[ 3¢9 361 8¥5] 2°9
A.065 [l [o635 5o [SB [P oe [popbdssfWelald ot [ 17
A
Y.
[
\b
/
j /

factor from mV to W/m? is mV x 123.5= W/m?

ptivity factor (ta) =0.95

2 Time Actual time
C stant Avera I(ta)/U U
: ;.pt' co'1'/b constant (%) I(to'.)g : (°C)l (W/mlzK)
. 2
-‘] (rr?nutes) (minutes) Wi
T BYHR B (03| 57 %0 | &603 | [1-98
K ~
iy FA VYR
I U
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

Class: A3MA Section: A S.No. 05
Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title): E'ml‘ssi\ﬁJrj B Stefon Balizman censtant

Date of Experiment Performed : 16]10]24
Due date of Submission :
Late Submission date :_oslhulag

Teachers’ Remark
Marks Awarded

Rubric No. | II |I0I| IV | V |Total /
Maximum Marks 1 2 3 |-3 10 |

Marks awarded l | 2| 2| 2 /%
experiment and specifications of the equipment/instruménts used.

and related equations used

atical/graphical (student should explain at the time of evaluation)
S (ahould be different from other students)

‘ ~ Name :__Nikhi] Jingh
. Class  :__ A3MA
: s; No. . 0%

FacultyNo. : 22MFBI93
§L 6695
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E—gwble calculeotions.
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;ﬁwple calculectons.

Fen Reading NO- 1

(i) & Black prate (i) Jori Test faote
2= Ux I : 27 SEVE
1= Box0-45 e s
U= 3T W 73 = 30°8w
o Qu=Ux 0868 25 = 2a2x06'84
hew , E:meSl'\)H‘:j (S):: gg_’ » $3 85 - 0-44
24 2395
£ = 0-¢Y
) Reading NO- 2
) For Black ploe (i) foor Test plate
haailbaeait
B\ 28 =VUxI
Za = Box0°+65
zq') = 325w

25 = 33-5x0'8¢
28 = &93-95wW

BER(E) = 25 . 2997 . 4.9
g 2 387

(1)
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+ Fo Readinq MNoO- 3
\Y

i) ;fenﬂ& Black plode (1) J"@'L test+ plate
= U T @ o e \Jx T
= 0x0'85 = &ox 335
2= 505w Z2= Y5 W
2% = 9% 08¢ 2.5 = Y5x0788
Q= 517w g+ 2s= 33 #w

Be= Smissivity (e) = 9s . z3-3

Y By

Sl
[£= o

Goeph Discussiom; -

F.:nemﬂve a'mbh bet ween B’YT‘ISSPWU am ol Surkfuoe Temp
1 of R Q7" 7'“’:'_;' ax the MPW 13

l=fal | S
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STEFAN BOLTZMAN CONSTANT

oblgdt: Tt‘;)odetennine Stefan Boltzmann constant
me gd?::i ggmtt)rgy used law of thermal radiation is he Stefan Boltzmann Law which
v UX or emissive power of a black surface js proportional to the fourth
po mperature of the surface and is given by 4_ w/m?- The constant of
=g mee
A ’

proportionality, © is called the Stefan Boltzmann

constant and h
0=567x10" , W/m?*K* [4.876 X 10™, keal /hm? K * as the value of
i 1 Boét:m agn S an b QELIVEEL Ly integrating the Planck’s Law over the entire spectrum of
wave lengths from 0 toco, though historically it is worth noting that the Stefan Boltzmann Law was

independently developed before Planck’s Law. The object of thi i i
value of this constant fairly close, by an easy arrangemgent B e

Apparatus: The apparatus as illustrated in Fig. 1 is centered on a flanged copper hemisphere B, fixed
on a flat non-oondt.lcnng plate A. The outer surface of B is enclosed in a metal water jacket C used to
heat B to some s.ultal?le constant temperature. The hemispherical shape of B is chosen solely on the
grounds that it simplifies the task of draining the water between B and C. Four Chromel- Alumel
thermocouples are attached to various points on surface of B to measure its mean temperature to be read
by a Temperature Indicator.

The disk D, which is mounted in an insulated Bakelite sleeve S, is fitted in a hole drilled in the centre of
base plate A. The base of S is conveniently supported from under side of A. A Chromel- Alumel
thermocouple is used to measure the temperature of D (Ts). The thermocouple is mounted on the disk to
study the rise of its temperature.

When the disk is inserted at the temperature Ts (Ts < T i.e. the temperature of the enclosure), the
response of temperature change of disk with time is used to calculated the Stefan Boltzmann constant.

Hot Water
Metallic enclosure(C) Water t
Lo |
® \/ T (@T/d), g
E —
: T1 g / //
& > Ta
Tz | 4-7’ E // / | 3
oy oy EN 2:::::7‘:..:?&& Time (t) —»-
: LTs Fig. 2 Variation of Disc
Test section arrangement temperature with time
o mr = 200mm_
wm = 240mm.
' = 44mm.
st disc (copper) —0.41868 kI/kg®C (0.1 keal/kg m°C).
ted on B ®4

/(.
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9. Temperature Indicator Digital (0.1°C Least count): 0-200°C with built in cold junction
compensation,
10. And a t{mer set for § s to display temperature rise of the disc.
Il Ixmqersmn water heater of suitable capacity, tank for hot water, suitable size water jacket for
hemisphere, fixing arrangement for sleeve (Fig.1)
The surface of B and A forming the enclosure are blackened by using lamp biack to make their
absorptivity, approximately unity. The copper surface of the disc D is also blackened

Experimental Procedure:

1. Heat the water in the tank by the immersion heater up to a temperature of about 90°C.

2. Thedisk D is removed before pouring the hot water in the jacket.

3. The hot water is poured in the water jacket. The hemispherical enclosure B and A will come fo
some uniform temperature T in short time after filling the hot water in the jacket. The thermal
inertia of hot water is quit adequate to prevent significant cooling in the time required to
conduct the experiment.

4. The enclosure will soon come to thermal equilibrium conditions.

5. The disk D is now inserted in A at a time when its temperature is say, Ts (To be sensed by a

separate thermocouple).
The radiant energy falling on D from the enclosure is given by E= oA, T, W (1)
Where, Ap = area of the disc D and T = average temperature of the enclosure recorded by the
thermocouples.
The emissivity of the disc D is assumed to be unity (Black Disc). _
The radiant energy emitted by the disc D into the enclosure will be E =cA;T @
Net heat input to the disc D per unit time is given by E-E, =cA, (T'-T)) 3
If the disc D has mass m and specific heat C;, then, in a short time after D is inserted in A,

mG, (dl/d), =0, (T*-T) , therefore, c=£§% )

In this equation, (dT/dt),  denotes the rate of temperature rise of the disc D at the instant when its
temperature is Ts that will vary with time. It is clearly best measured at time t = 0 before heat
conduction from A to D begins to have any significant effect. (dT/dt), . is obtained from the plot of
temperature rise of D with respect to time, by drawing slope at  t =0 when temperature = Ts (see Fig.
2). Note i ith its insulating sleeve S, is placed quickly in position and start the timer and

vals. The whole process is completed in about 30 seconds of
ater is the probability of errors due to heat conduction from A

ERVATIONS
'C) | Temperature of disc D when it is inserted

| Time (s)t | Temperature (Ts) “C

0 3 237

15 284

110 20:5

15 ‘ 8l-3

20 3.3

3|9

ien
o

|

1
d
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3. Averagetemperaturein"c=n 1 T21 T3 1 Te _ 88':)-°C= 56[‘?'](

e
. . 0 ;
4- Temperature of disc D at the instant when it is inserted (Ts), Ts 27 E-"C -2 20
5- Temperature time response of the disc.

Use the Disc Thennocquple on Temperature Indicator and note down T; at the time interval of 5 s.
Plot the graph of T against t as shown in Fig, 2.

6- Obtain slope from the graph: (dT/dt), . = G*RZ&  °Cs

7- Valve of o can be obtained by using equation (4)
8- Discuss on the result obtained.

—em-in K
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E‘ije cellewladtions,

giveﬂ'l’m*, |
. Mass & the Jlat disc (w) = 0-°007F k3.
- Specific heot (Cp) of the disc mmotertial = o- 11868

(Coppes) kg lkg'c
:l * Tesdt dist diametes = 20 mm
| ©ootea =TT (o-lx]o"3)2

Ay = 314 X]o~'m?
. PrUQJ'(QJe TWPF—’\"D—’HU'LQ
T= T+ Tat+ Ta+ T4 _ pg.3 + 88 + 889 + B 7

i =L 4-
T= §392°c + X33k
Ljffsgrqzc 1
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00
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# Discussion on b,
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

Class: A3MA Section: _A S.No._05
Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title): Toangient Heod cencluctien

Date of Experiment Performed 061124
Due date of Submission :
Late Submission date : 1) 24¢

Teachers’ Remark

'\ Marks Awarded
Rubric No. I Im | I1I| Iv V | Total /
Maximum Marks 1 1 2 3 3 1 )
Marks awarded L || 2| 24 2 [(8%)

Rubrics for laboratory courses

L Object of the experiment and specifications of the equipment/instruments @L
IL Brief theory and related equations used

m. Observation Sheets, Sample calculations (student should explain at the time of evaluation)

AV, ematical/ graphlcal (student should explain at the time of evaluation)

Vv should be different from other students)

Name . _Nikhfl Singh
Class . _RA3MA

S. No. : 08
FacultyNo. :_ 22 MEBI?3

" En.Roll.No. :__ GL 6695
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Observation Table:

Forced convection Eree convection
Heat supplied to the heater = 400 W | Heat supplied to the heater = Yoo W
Velocity of air = 2+% m/s | Velocity of air = m/s
Temperature of air in the duct, Ty = 30 °C Temperature of air in the duct, T, = 2 § °C
Time for heat supply = ] Time for heat supply = s
Time | Temperature | Time Temperature | Time Temperature | Time Temperature
in sec. (°C) in sec, (°C) in sec. (°C) in sec. (°C)
0 180 450 g0 ) 180 9éo 85
15 n% 465 3% 30560 (92 1620 83
25 14 480 2% éo [86 1880 80
45 183 Haxy 35 9o |50 Yo 38
o 52 316 52 (20 155 [200 35
25 15 4 55 217k [Bo |50 1260 33
96 149 r40 30 (8o (46 1320 =
|85 145 855 &9 2|6 43 13 80 £9
[20 [ 4] 530 638 240 (38 L4yo §F
35 133 585 £é J}0 136 | 500 s6
156 133 S00 65 300 132 1590 &3
165 29 830 83 330 129 1630 &1
180 12 4 860 g 360 12£ | 1330 59
195 (2L 490 59 =40 3
_2]0 19 720 B3} Y20 2.0
' Wi 50 55 450 113
BB 55 | 430 18
310 52 510 =
0 Eo S 10
200 49 800 106
0| 44 630 [65
0 | Yy 860 163
| 44 890 Q9
vl = 43 | 3590 98
ONESS 49 - 350 96
4\ 730 Q4
%0 810 9=
340 2
[ 9o0 o) 89
\1
19\
. Time%onstant t | Time constant
QM from T~t plot from log plot
= 899 U 29-45 Yg.55
M2 | A33.80 15823

‘Scanned with CamScanner



Temperature (in C°)

200

150

100 |

50
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In((T-Tf)/(To-Tf))

22 MERIF

GLEGEIS

ARMA-0F

Fourier |

B Forced Convection
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b SampPe Calculations

f=mdl

= ‘M) x 229

orced ConVecH mx 25U x229

')L Ll | 000 1600
Tempesiatune UIS Time A= 0-08128m"

QI) — _Oo3 + 0 dl 0
at /)~ © ., ax [RoC . d+)3 = =0°130 &t gocC

aT

d+)g = - 0150 ot 8g'c 3{')4 = -0°06 of Yo'c

h, = —Me @Tld-{—)‘
A 'T'-T\f)

o @328 (130 — 30)
0°01%

M= —me(ar)at), _

@323 x (80 —20)
0019

= 64 36 \A)’T"W'LOC

6296 ~+ 607162 + 6136+ 90-903
g |G, o
4

y. 59 WM
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d+ /2

Ql) BT g ok B33°C

_CLI)+: _ 0080 ot = 68

hj= —03%x 486x —0-l60
0:018 33 ( | ug —20)

26°58 W/mroc

n

ha=  ~0-3 xY486x —0:050

% 1§-a W/m*ec
001828 (112 — 20)

)

 —03xU86x —0-0%0

L 1Y+ 07 wimtec
- 0°01328 X (33-30) |

)
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HEAT TRANSFER AND SOLAR ENERGY LABORATORY

Class: A3SMA Section: __H S.No._ 05
Course Title : Heat and Mass Transfer Laboratory

Course Number : MEC 3910

Experiment (Brief Title):  Coritical Heat flux

Date of Experiment Performed :  13[1][ 84
Due date of Submission 2 lnl24
Late Submission date e

Teachers’ Remark

Marks Awarded
Rubric No. 1 Im|uj| 1v V | Total
‘ Meximum Marks 1 1012133 | 1ol
Marks awarded = o| 23] o U}%ﬁ

Rubrics for laboratog courses
- B Ci > experiment and specifications of the equipment/instruments us

and related equations used
i Shnets. Sample calculations (student should explain at the time of evaluation)

nat; eg]/graphlcal (student should explain at the time of evaluation)
should be different from other students)

Name . Niknil Singh
Class : A3MA
S. No. : 05

29 MEBIZ3
QLG9S

) Faculty No.
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NameN;Kh” S'Yﬂh ...... SNOs ..... CIassABMﬂ ......... Datc...'.&.’..’..'.[. 2+
Observations: 1. Diameter of test heater wire: d =40 SWG=0.111 mm
2. Length of test heater ¢ L=100 mm
3. Surface Area, A=ndL & A=.......... 3"{3')(}0"5”059'
Temperature of | Ammeter Reading | Voltmeter Reading | Critical Heat (Tw-Tea)
S.No. water (°C) I (amp) V (volt) Flux (Wm?) | (°C)
L[S0 I ‘50 63| x16°
R 60 40 L Ye 527 xX|0°
3. 70 2u6 8 =Y Y-54x]0°
4 80 YL 2% 349 X|06°
5. [9%0 2.8 27 257 %l0°
6. 100 (Saturation) A
() l-0 <D 289%x105| 0-92
(i) Wl % 12 Y-i3x16%5 [1-20
(i) o I 5-42xl0> | |2:Y2
(iv) _Ae 16 234 X165 | [3:57
) -8 8 q-29 Xlo> 1y-88
(v) 20 20 15 x 166 | 1595
(i) 22 2 39 x)6¢ | 71678
i) 2.4 24 [85x 106 | [3'39

(1) The Ammeter, Voltmeter readings below the saturation t
(3i) For the saturation temperature, ammeter and voltme
while increasing the supply, until the wire melts. (
near about 4 to 5 steps may be recorded).

Ca

ulations:

eratures are notcd when the wire melts.

Calculate the heat fluxes for the readings taken and tabulate in the observation sheet.
ot critical heat flux versus bulk temperature

readings at saturation condition calculate the wire temperatures for different heat fluxes
e following relation:

s
c q/ A( o )~
th; g(pn"‘pvJ bl

f water are to be evaluated at the saturation temperature and one atmospheric pressure.
,01. Thus, temperature excess, AT = T, Ty, are known for some values of (q/A) upto

critical heat flux using

0,149]'1" [GBPy,," ..
L5 Wlth Nne exper!

culated value of (q/A) »\?itl.l,7tllli,gsxcess temperature.

W/m?
s and the boiling curve supplied in the class.

temp. of the Nichrome wire used.
bulk temp. approaches the saturation. Why?

‘lri.:‘vﬁ,'thng /m{?‘;‘.; 4].

d Hea rJ 1sfer by A, Bejan: (pp. 419 — 433)
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B X e 1/
(525 - 0°4233]) l Tw~ Tsat = l_”_:f_i Poy Csy | 21/A (_;‘;_) ’1] :
. o Kohg \ 30 f0)
3

6
6+ 8af K w/m? ~Tsoadt = §:qx[0>x 135X 00| 1-14x[0° _____x
l”‘"s e T %;————— 5 288 X 22569 X10”>
= 11168264 W/m? 0’0588
| k | q-31 (1538 0397,

,,,,,,,
,,,,,,,,,,,,,,

. (3)
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+ Discussien.

(D=| DiScuss On youn geswets and foredict 'me,Hﬂ“\j ‘b""fw?%
¢ the wichoeme wive wed ?
Cxitical heat Plun e |00 C
T=2:4R, VY- uyaet
Tw- Tsat = 13.39°%
TSt = | o0'c
M‘meﬁiﬂr@ femp-&f michseme wive 15

= [00°c +1339°%
Tueting = 113739°C

{36m g3ebh 1 The ¢ aidcal heat Juy decseasey
3 the Buektemp inmeageq,

'3‘”‘}"‘ PP The coiticadl heat JouL fhmectes agthe

—

Z Tre coitfcald heot Fun vau

MNP apprieaches the

*5 devieages ag +he
. | SN?"‘UIOU!'I'GV) wh\!j ?‘?_,
b: app I @chey +o St ot O, temp

R the  Oreduetion M exiticald he
- opp®aches 40 Lottt On temp
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.'£3 Differtenticte  between gqubcoalecl and Sadwiated

Boi\,omj-

Sul-cooded Bonﬁfhj Qout Lutoded Boi.!)c‘ng
L(%Cou,()eol ()o.,o.\nj 'S a heat Bon’ﬁv‘nj 0Ccwy wherm o
ansfes  bhenom enen +n ot Liquicl fs heated at its
cewy when a Liquid 1S Sectwiadt(On  {eyrpanotwQ
oded belewr 1+ Qatwiatiom Oune  predfwe, Jres ulhng
ernp N ot « n Vigeoud Boiling with

CONtNYOUS Vapen Joneretion.

=4 Discuss +he  Phencmenen of mycleate bo(ﬁﬂﬂg amel
Jilm Boi&f'nj ,

Tn Nuc leate Bouigj heot +mamsfe,5 Phen&mendn whew

Liguid vopatize s ?Dm@m o | eoted S wyuee, tf@"’"‘""ﬁ

disoete bubples +hat detach and vrfse +o the swyace .
>10Ce 88 ?/nhaerS heat -l-‘bﬁmsé’-e,'zy ,«mgk,y\a i+

meﬁlmes "(f Sadunaie;l SO\%QQ
ol i
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