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APPENDICES:

6.1 APPENDIX 01: (Method of calculation-calibration of setup)

T1

T2
T3

T4

W'n m W!_!ut

i

P=Vxl
Rate of heat flow across the specimen:
P l
Qou = KxAX(T1-To)/Ls
Oz = KpxApx(T3-Ta)/Ly
qCul Qw = thCXI:TWD—Twi}

Ow = Q~0s
Koy = [MxCx(T,o-Tui)xla] / [AS(T1-T2)]

Kss = [MxCx(Tyq-Ty)xLb] / [AL(T3-T4)]
de,=dg = 25 mm
O= l Ly, = 50 mm 0.05 m
L = 25 mm 0.025 m
m = 25 l/hr= 25 kg/hr
m=) A=A, = 0.00049 M
C= 4180 I/kg K
(Two-Twi) = °c
(Ty-T5) = C
(TgTy) = c
Key =
Kes =

Figure A.1: Heat flow configuration

The notations used are follows:

>

vV V. VYV VY V V V VY

: Length of the

E.OI_—|)>7§-Q

Diameter (Cu)
Diameter (SS)

: Heat flow rate
: Thermal conductivity (W/m K)
: Cross sectional area of the specimen (0.000491m?)

: Temperature (°C)

specimen (m)

: Specific heat capacity of water (4180J/kg K)
: Water flow rate (25kg/hr or 25/3600 kg/s)

=25mm
=25mm

33



The calculations are done for all the specimens according to the above equations.

6.2 APPENDIX 02: (Values for SS and Cu specimens)

Table A.1: Experiment 1: Apparatus calibration

Time Temperature Values (°C)
(S) Tl T2 TS T4 TW,in Tw,out
0 171 162 131 75 28.5 29.5

150 175 164 133 7 28.5 29.5
300 178 168 136 78 28.5 29.5
450 180 171 138 79 28.5 29.5
600 183 174 141 79 28.5 29.5

Average 1774 | 167.8 | 1358 | 77.6 | 285 29.5

Thermal conductivity of Cu= 307.915 W/mK
Thermal conductivity of SS= 25.395 W/m K

G| WIN|F-

Table A.2: Experiment 2: Apparatus calibration

Time Temperature Values (°C)
(s) T T T3 Ty Tw,in Tw,out

1 0 164 152 132 92 30 31
2 150 167 155 135 94 30 31
3 300 168 157 137 94 30 31
4 450 172 158 136 92 30 31
5 600 173 160 137 93 30 31

Average 168.8 | 156.4 | 1354 93 30 31
Thermal conductivity of Cu= 238.386 W/m K

Thermal conductivity of SS= 34.858 W/m K
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Table A.3: Experiment 3: Apparatus calibration

Time Temperature Values (°C)

(S) Tl T2 T3 T4 TW, in Tw,out

0 180 165 145 100 29.5 30.5

150 | 182 167 148 102 29.5 30.5

300 | 183 169 148 102 29.5 30.5

450 | 184 170 149 103 29.5 30.5

G| R|WIN|F

600 | 185 172 150 104 29.5 30.5

Average | 182.8 | 168.6 148 102.2 29.5 30.5

Thermal conductivity of Cu= 208.167 W/m K
Thermal conductivity of SS = 32.27 W/m K

Table A.4: Experiment 4: Apparatus calibration

Time Temperature Values (°C)

(s) Ty T T3 Ta Tw,in Tw,out

0 182 168 148 104 28.5 30

150 | 184 171 149 105 28.5 30

300 | 186 173 151 106 28.5 30

450 | 188 174 152 106 28.5 30

QB |W|IN] -

600 | 189 175 154 107 28.5 30

Average |185.8( 172.2 150.8 105.6 28.5 30

Thermal conductivity of Cu= 326.027 W/mK
Thermal conductivity of SS= 49.048 W/mK
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Table A.5: Experiment 5: Apparatus calibration

Time Temperature Values (°C)
(S) Tl T2 T3 T4 Tw,in Tw,out
1 0 181 167 144 98 28 29.5
2 150 183 169 146 102 28 29.5
3 300 185 171 148 103 28 29.5
4 450 187 173 149 104 28 29.5
5 600 188 175 151 105 28 29.5
Average 184.8 | 171 1476 | 102.4 28 29.5
Thermal conductivity of Cu= 321.302 W/mK
Thermal conductivity of SS= 49.048 W/mK
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6.3 APPENDIX 03: (Method of calculation-initial experiments)

T1
T2
T3

T4

P=VxlI
P l Rate of heat flow across the specimen:
Aeor = KXAX(T-To)/L,
s = KoXAX(T5-Ts) / Ly

Qy = mxcx(Two_Twi)

Ow = Ucoir=Uss
Kegir = [MXCX(T,-T,:)xLa] / [A(T1-T2)]
qcul Kes = [TIXOX(T, o T JXLD] / [A(T3-T4]
Coir dei=dss = 25 mm
specimen Legir = ? mm
Ly = 25 mm
m = 25 Ifhr 25 kg/hr
A=A.. = 0.000491 m”
Oss l C 4180 J/kg.K
(Two-Twi) = °c
(T1-T2) = °Cc
(T3-T4) = °c
Wi
LnnT K. =

Coir

y
Figure A.2: Heat flow configuration

The notations used are follows:

>

YV V V VYV ¥V V V VY

q : Heat flow rate

K : Thermal conductivity (W/m K)

A : Cross sectional area of the specimen (0.000491m?)
T : Temperature (°C)

L : Length of the specimen (m)

C : Specific heat capacity of water (4180J/kg K)

m  : Water flow rate (25kg/hr or 25/3600kg/s)
Diameter (Coir) =25mm

Diameter (SS) =25mm

The calculations are done for all the specimens according to the above equations.
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6.4 APPENDIX 04: (Results for initial experiments)

Table A.6: Experiment 6: Thermal conductivity measuring of specimen 1

Time Temperature Values (°C)
(S) Tl T2 T3 T4 Tw,in Tw,out
1 0 165 91 59 49 29 29.5
2 150 174 94 61 50 29 29.5
3 300 182 99 62 51 29 29.5
4 450 188 104 63 52 29 29.5
5 600 195 110 65 52 29 29.5
Average 180.8 | 99.6 62 50.8 29 29.5
Thermal conductivity of SS= 65.981 W/m K
Thermal conductivity of coir= 6.967 W/mK

Table A.7: Experiment 7: Thermal conductivity measuring of specimen 2

Time Temperature Values (°C)
(S) Tl T2 TS T4 Tw,in Tw,out
1 0 197 103 68 51 29 30
2 150 202 110 70 52 29 30
3 300 207 116 75 54 29 30
4 450 214 121 80 55 29 30
5 600 219 127 88 56 29 30
Average 207.8 | 1154 | 76.2 53.6 29 30
Thermal conductivity of SS= 65.397 W/mK
Thermal conductivity of coir=10.287 W/m K
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Table A.8: Experiment 8: Thermal conductivity measuring of specimen 3

Time Temperature Values (°C)
(S) Tl T2 T3 T4 Tw,in Tw,out
1 0 178 | 120 79 63 28 28.5
2 150 | 185 | 127 84 67 28 28.5
3 300 | 195 | 137 92 77 28 28.5
4 | 450 | 198 | 141 95 75 28 28.5
5 600 | 204 | 147 101 81 28 28.5
6 750 | 210 | 153 106 88 28 28.5
Average 195 [137.5| 9283 | 75.16 28 28.5
Thermal conductivity of SS= 41.829 W/mK
Thermal conductivity of coir= 10.123 W/m K

Table A.9: Experiment 9: Thermal conductivity measuring of specimen 4

Time Temperature Values (°C)
(S) Tl T2 T3 T4 Tw,in TW,out

1 0 198 120 91 88 25.5 26
2 150 205 125 97 78 25.5 26
3 300 212 139 104 81 255 26
4 450 217 141 110 95 255 26
5 600 223 141 115 91 25.5 26
6 750 227 153 121 101 25.5 26
Average | 2136 | 136.5 106.3 89 25.5 26

Thermal conductivity of SS= 42.634 W/m K

Thermal conductivity of coir= 5.969 W/mK
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6.5 APPENDIX 05: (Thermal conductivity values for 1, 2 & 3 specimens)

Table A.10: Experiment 10: Thermal conductivity neasuring of specimen 1

Time Temperature Values (°C)

(S) T T T3 Ty Tw,in Tw,out

1 0 80 67 53 46 29 29.2
2 150 82 69 55 48 29 29.2
3 300 84 72 57 48 29 29.2
4 450 85 74 57 48 29 29.2
5 600 85 75 57 48 29 29.2
Average 83.2 71.4 55.8 47.6 29 29.2

Table A.11: Experiment 11: Thermal conductivity measuring of specimen 2

Time Temperature Values (°C)

(S) Tl T2 TS T4 Tw,in Tw,out

1 0 78 64 52 45 29 29.2
2 150 79 65 52 46 29 29.2
3 300 81 68 53 46 29 29.2
4 450 82 70 55 AT 29 29.2
5 600 84 72 55 AT 29 29.2
Average 80.8 67.8 534 46.2 29 29.2

Table A.12: Experiment 12: Thermal conductivity measuring of specimen 3

Time Temperature Values (°C)

(s) T, T2 T3 Ty Tw,in Tw,out

1 0 82 69 52 47 29 29.2
2 150 82 72 53 47 29 29.2
3 300 85 74 55 48 29 29.2
4 450 86 75 55 48 29 29.2
5 600 87 77 57 49 29 29.2
Average 84.4 73.4 94.4 47.8 29 29.2
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6.6 APPENDIX 06: (Thermal conductivity values for 9, 11 & 12 specimens)

Table A.13: Experiment 13: Thermal conductivity measuring of specimen 9

Time Temperature Values (°C)

(S) Tl T2 T3 T4 Tw,in Tw,out
1 0 90 78 59 50 29.3 29.5
2 150 92 79 61 51 29.3 29.5
3 300 93 80 62 51 29.3 29.5
4 450 95 81 62 52 29.3 29.5
5 600 97 82 63 52 29.3 29.5
Average 93.4 80 61.4 51.2 29.3 29.5

Table A.14: Experiment 14: Thermal conductivity measuring of specimen 11

Time Temperature Values (°C)

(S) Tl T2 T3 T4 Tw,in Tw,out
1 0 79 67 52 47 29.3 29.5
2 150 81 68 54 48 29.3 29.5
3 300 84 72 57 50 29.3 29.5
4 450 86 74 57 51 29.3 29.5
5 600 88 76 58 52 29.3 29.5
Average 83.6 71.4 55.6 49.6 29.3 29.5

Table A.15: Experiment 15: Thermal conductivity measuring of specimen 12

Time Temperature Values (°C)

(S) Tl T2 T3 T4 Tw,in Tw,out

1 0 81 67 55 48 29.3 29.5
2 150 83 69 57 49 29.3 29.5
3 300 84 72 57 50 29.3 29.5
4 450 86 74 58 51 29.3 29.5
5 600 87 75 60 51 29.3 29.5
Average 84.2 71.4 57.4 49.8 29.3 29.5
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6.7 APPENDIX 07: (Thermal conductivity values for glass wool)

Table A.16: Experiment 16: Thermal conductivity measuring for glass wool

Time Temperature Values (°C)
(S) Ty T, T3 Ty TW,in Tw,out
1 0 75 65 58 50 28.8 29
2 150 76 66 59 50 28.8 29
3 300 78 68 60 51 28.8 29
4 450 79 68 62 52 28.8 29
5 600 80 69 62 52 28.8 29
Average 776 | 67.2 60.2 51 28.8 29
Thermal conductivity of Glass Wool =  6.426 W/m K
Thermal conductivity of SS= 34.107 W/mK
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6.8 APPENDIX 08: (Critical thickness calculation for coir fibre insulation)

The following calculations are used to calculate the thermal conductivity at
each thickness of coir fibre insulation in order to find out the critical thickness of the
coir fibre insulation.

First allow ice to dissolve in water. Then temperature of water comes to a
minimum and ice is totally dissolved. After that, temperature of water will increased
by acquiring heat from environment. In this case heat is transfer through coir and
beaker materials. 1 measured time period from minimum temperature of water to
maxim recorded. | have plotted Time Vs Temperature curves of water in beaker for
each and every sample. By these plots we can find time period of heat transfer and

increase of temperature of water.

Heat gain from the water after ice is melt

= Heat flow through the insulation and the Pyrex wall of the beaker.

kxAXAT mxCxA@

0 dot = ] p
Where;
Qdot - Rate of heat transfer
k - Thermal conductivity of coir insulation
A - Area of the cross sectional area of heat transfer of the beaker

I - Thickness of the heat transfer medium

AT - Temperature difference across the insulation (in °C)
m - Mass of water [p (Density) x V (Volume)]

C - Specific heat capacity of water

AO - Temperature rise of water (in °C)

t - Time period
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Table A.17: Values of the variables

Variable | Calculation

Q dot | Need not to be calculated

k Value to be calculated

0.085m-Diameter of the Beaker
0.07m-Height of the Beaker

A E x 0.0852 x 2] + [ % 0.085 x 0.07] = 0.03005 m?

5+0.4cm (+0.4cm is thickness of Beaker material)

| Varies as 1+0.4cm, 2+0.4cm, 3+0.4cm, 4+0.4cm and

AT 85°F - Atmin (85°F is Atmospheric Temperature)

m 400 x 107° x 1000 = 0.4kg

C 41813 x 103 = 4181.3)°Ckg™

AO T water, final — T water, min = Tl‘TZ

Then the equation simplifies to;

k % 0.03005 X.(85 =.T)
l

A6
= 0.4 % 41813 X ()

k 0.4 x 4181.3 X (?)
17 T1+ T2
0.03005 x [85 — (——5—)]

For the first specimen;

k  0.4x4181.3 x (48 — 43.5)/(38 x 60)

0.014 48 + 43.5)
— )]

0.03005 x [85 — (

k=0.0391W/mK
For the second specimen;

k  0.4x4181.3 x (67.5 — 62.5)/(38 x 60)

0.024 67.5 + 62.5)
——— )]

0.03005 x [85 — (

k =0.1464 W/m K
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For the third specimen;

k  0.4x4181.3 x (63 — 56.5)/(36 x 60)

0.034 0.03005 x [85 — (63 +256.5)]

k=0.2255W/mK
For the fourth specimen;

k  0.4x4181.3 x (51 — 45)/(44 x 60)

0.044 0.03005 x [85 — (51 s 45)]

k=0.1504 W/mK
For the fifth specimen;

k  0.4x4181.3 x (49 — 43.5)/(51 x 60)

0.054 0.03005 x [85 — (49 +243.5)]

k = 0.1394 W/m K

Heat transfer through the wall of the beaker and the coir insulation:

Heat transfer

Figure A.3: Heat transfer direction
l

Thermal resistivity = XA

I n N 2
kxA klixA k2 xA
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l 11 12

r T

Thermal conductivity of Pyrex glass (k2) = 1.005W/m K

For the first specimen:

For the second specimen:

For the third specimen:

For the fourth specimen:

For the fifth specimen:

l 11 0.004

= %kl T 1.005

0.014 _ 0.01  0.004

0.0391 k1 + 1.005

k1 =0.028 W/mK

0.024 0.02 0.004

0.1264 _ kL 1005

k1 =0.125 W/mK

0.034:.-0.03;,0.004

0.2255 k1 2 1.005

k1 =0.204 W/mK

0.044  0.04 0.004

0.1504 k1 + 1.005

k1 =0.138 W/mK

0.054  0.05 0.004

0.1394 k1 + 1.005

k1 =0.130 W/mK

Heat transfer values for each insulation mat:

kA=At

Qdot = ]
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Table A.18: Table of thermal conductivity values obtained

No. of the | Thickness of the Thermal Heat transfer rate through
specimen insulation Conductivity the coir insulation

01 lcm 0.0283 3.23W

02 2cm 0.125 7.14W

03 3cm 0.204 7.3TW

04 4cm 0.138 4.58W

05 5cm 0.130 3.99W
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6.9 APPENDIX 09: (Analysis of performance of insulation mat with coir pith)

The following calculations are used to calculate the thermal conductivity at
each thickness of coir fibre insulation in order to find out the optimum coir pith
amount.

First, allow ice to dissolve in water. Then temperature of water comes to a
minimum and ice is totally dissolved. After that, temperature of water will increased
by acquiring heat from environment. In this case heat is transfer through coir and
beaker materials. I measured time period from minimum temperature of water to
maxim recorded. | have plotted Time Vs Temperature curves of water in beaker for
each and every sample. By these plots we can find time period of heat transfer and

increase of temperature of water.

Heat gain from the water after ice is melt

= Heat flow through the insulation and the Pyrex wall of the beaker.

kxAxAt_mexAB

Q dot = i i
Where;
Q dot - Rate of heat transfer
K - Thermal conductivity of coir insulation
A - Area of the cross sectional area of heat transfer of the beaker

I - Thickness of the heat transfer medium

AT - Temperature difference across the insulation (in °F)
m - Mass of water [p (Density) x V (Volume)]

C - Specific heat capacity of water

AO - Temperature rise of water (in °F)

t - Time period
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Table A.19: Values of the variables

Variable | Calculation

Q dot Need not to be calculated

k Value to be calculated

A E x 0.0852 x 2] + [ % 0.085 x 0.07] = 0.03005 m?
0.085m-Diameter of the Beaker
0.07m-Height of the Beaker

I lcm

At 85°F - Atmin

m 400 x 107° x 1000 = 0.4kg

C 4.1813 x 103 = 4181.3J°C kg™

A0 T water, final — T water, min = T1-T2

Then the equation simplifies to;

k % 0.0206 X (85 — t)
0.014

A6
= 0.4 X 41813 % ()

0.014 X 0.4 X 4181.3 X (?)

T1 -5 TZ)]

k =
0.03005 x [85 — (

For the first specimen;

= 0:014 X 04 x 4181.3 X (52 — 42.5)/(49 X 60)

52 + 42.5)]

0.03005 x [85 — (2=

k = 0.0667 W/m K

For the second specimen;

- 0:014 % 0.4 X 4181.3 X (57 — 46)/(51 X 60)

57 + 46)]

0.03005 x [85 — (2

k = 0.0836 W/mK
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For the third specimen;

- 0-014 X 0.4 x 41813 X (50.5 — 43)/(39 X 60)

0.03005 x [85 — (50'52—+43)]

k = 0.0653 W/m K

For the fourth specimen;

- 0-014 X 0.4 x 41813 X (50 — 44.5)/(41 X 60)

0.03005 x [85 — (50+2—44'5)]

k =0.0461 W/mK

l

Thermal resistivity =

kxA
I n N 12
kxA klxA k2 xA
l_ll+l2
kK k1 k2

Thermal conductivity of Pyrex glass (k2) = 1.005W/m K

l 11 0.004

kK~ kL' 1005
For the first specimen:

0.014 _ 0.01 N 0.004
0.0667 ki 1.005

k1 = 0.0485W/m K

For the second specimen:

0.014 _ 0.01 N 0.004
0.0836 k1 1.005

k1= 0.0611 W/mK
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For the third specimen:

For the fourth specimen:

0.014 _ 0.01  0.004

0.0653 k1 + 1.005

k1 = 0.0475 W/mK

0.014  0.01 =~ 0.004

0.0461 k1 + 1.005

k1 =0.0334 W/mK

The thermal conductivity values are tabulated in the following table.

Table A.20: Table of thermal conductivity values obtained

No. of the Coir pith ingredient Thermal conductivity of the
specimen coir insulation

01 59 0.0485 W/m K

02 10g 0.0611 W/m K

03 15g 0.0475 W/m K

04 20g 0.0334 W/m K
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