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Appendix A

CALIBRATION DATA

Part I Calibration of Orifice Meters

1 Calibration of hot water orifice meter

Manometer reading (A h) Amount of water
cmeHg kgs/min
640 B 53
5.0 14,84
Lk,0 1371
340 11487
240 9459
1.0 6426

4



2e Calibration of cold water orifice meter

80

Manometer reading (A h)

Amount of water

cmeHg kgs/min
L,o 14,83
345 13,82
360 13.16
245 11.66
240 10451
A.O 7e25




Part 2 Calibration of Cu-Constantan Thermocouple

References junction at 0°¢c

Temperature °C (AT) Emf (mv)

0 0

10 0.389
20 | 0.787
30 ‘ 014194
Lo 1.610
50 ‘ 2:035
60 2.467
70 2.908
80 ' 34357
90 34813
100 L,277
110 s 749
120 5.227




Appendix B

EXPERIMENTAL DATA
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Part I Effect of Cycle Time on Heat Transfer @oefficients

a) Inlet hot water temperature 82°C
) £ t t t

Fraction open | ¢YCle time ~, 0h1 oua, °h2

(seconds) =g C C
100 = 23.0 78.0 39.5 83.0
641 23,0 6045 39,0 82,0
0.7 10,0 2560 62.5 3345 8240
13,0 2645 61.5 38,0 82.,0
6.1 23,0 615 L2,0 83.0
0,6 10,0 25¢5 6540 .+ 40,0 83,0
13.0 20¢5 6745 48,0 83,0
61 23,5 66,0 L1,0 82.0
0.5 10,0 26,0 65,0 L, 0 82,0
13,0 28.0 60.0 42,0 B3 4O

where = inlet temperature of cold water

= outlet temperature of cold water
h = Outlet temperature of hot water

h = dinlet temperature of hot water
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b) Inlet hot water temperature 72°C
. £ 5 t £

Fraction Open cycle time 4 h, Es ohz
(seconds) oc ¢ OC C

100 S 2300 6605 3300 71 oo
6e1 2245 6145 34,5 7240
0e7 10,0 25:5 58,0 3640 7260
' 1340 2645 6245 Lo,0 73 0
6ol 2345 60.5 2645 7240

0.6 1040 2545 5845 23.0 7360
1340 270 64,0 41,0 7260

61 22.5 80,0 36,0 7240

0e5 10,0 2640 61.0 3945 730
1540 28,0 63,0 Lo,0 7240
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Part II Effect of Reynolds Number Upon Heat Transfer Coefficients

a) Inlet hot water temperature 82°¢
Fraction open * 0.5

i) cycle time 6.1 seconds

Cold water Hot water tc1 th1 tcz ch
Reynolds No, Reynolds Noe 0C oC OC OC
3289 25.5 68,0 41,0 82,0
3620 2345 6740 40,5 8260
117340
3344 23,5 6640 39,0 82,0
2896 23,0 64,5 3740 8240
3789 s 68,0 L2,0 82,0
3620 2345 6640 L1,0 8240
1041,0 !
331"'4 A 23.0 6700 I+1 .O 82.0
2896 2340 66,0 Lo,0 82.0
3789 23,5 68,0 42,0 82,0
3620 23,5 66,0 40,0 82,0
922.0 _
3344 23,0 6540 40,0 8240
2896 2340 6545 3840 82,0
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ii) cycle time 10,0 seconds S
_
a ) t t t £

Cold water Hot water c1 0h1 oc2 0h2

Reynolds Noe Reynolds No. °¢c C C
3789 2640 68.0 4640 82.0
3620 26,0 65,0 Lk, 0 83,60
s 2340 26,0 66,0 L2,0 83,0
2896 2640 6240 3940 83,0
3789 2640 69,0 Lg,5 8340
3620 26,0 66,0 47,0 83,0
104 334, 2640 6545 45,5 8240
2896 26,0 6540 L, 5 83,0
3789 26,0 68.5 L, 5 8340
3620 26,0 64,0 41,0 83,0
Jez 334L 26,0 60¢5 Lo,0 83,0
2896 26,0 6240 38,0 83,0
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iii) cycle time 13 seconds
€old water Hot water tc1 th1 tc2 th2
Reynolds No. Reynolds No. °c °c ¢ °c
3789 28,0 6140 43,0 83,0
3620 28,0 60,0 L2,0 83,0
LLiE 3344 28,0 6240 42,0 82,0
2896 2840 6245 41,0 8240
3789 28,0 79 o0 47,0 8240
" 3620 28.0 59,0 39,0 83,0
Rl 3344 28,01 55.0 | 39.0 | 83.0
2896 28,0 56,0 38,0 83,0
3789 28,0 6845 41,0 82,0
922 3620 28,0 59.0 41,0 83,0
3344 28,0 58.0 2640 83,0
2896 28.0 5840 35,0 83,0




b) Inlet hot water temperature 72°C,

Fraction open 0,7
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i) ecycle time seconds

€o0ld water Hot water tc1 th1 th thz
Reynolds No. Reynoldg No., °c ¢ °c %
5133 2345 6240 5560 73,0
1457 Lok 23.5 | 63.0 350 | 7340
4531 2345 6040 3340 73.0
392k 2345 5645 39.0 7340
5132 25¢5 6345 39.0 73,0
4531 2%.5 62.0 36,0 7340
3924 255 65.0 3740 7340
51353 23.5 6145 34,5 72,0
Look 23.5 6345 34,5 7340

1642 .
4531 Ded 59.0 3340 7340
3924 2.5 6345 28,0 7240
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ii) cyecle time 10 seconds
Cold water Hot water tc1 th,‘ tc2 th2
Reynolds No. Reynolds No. ¢ ° - o
5133 2545 56,5 3945 7540
Look 25.5 52.5 3240 7340
1457
5431 25¢5 55.0 3540 7340
3924 255 k6,0 34,0 75«0
5433 2545 5340 38.0 7340
Lool 2545 5540 39,0 7340
1535
3924 25.5 S5.0 3540 7560
5153 258D 58.0 4240 7340
4904 2545 5665 46,5 7% .0
1642
4531 255 58,0 3140 73 0
3924 £ 5075 k6,0 3560 7340
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iii) cycle time seconds
€old water Hot water tc1 th1 tc2 th2
Reynolds No. | Reynolds No. °¢c °¢ °c °¢

5133 2645 62.5 40,0 7340
Look 2645 59.0 36,0 7240

1457
4531 26.5 5640 3540 7340
3924 26,5 5640 3340 7260
5133 26.5 59.0 3840 7240
kool 26.5 5840 3740 7340

e h5z1/ 2645 5640 37.0 | 7340
3924 26.5 5640 3640 73,0
5135 26,5 59.0 3840 73 .0
Laok 26.5 59.5 38,0 7340

1642
4531 2645 5540 350 7240
3924 26.5 53,0 3340 7240
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Part III Effect of Fraction Open Upon Heat Transfer Coefficients

a) Inlet hot water temperature 82°C

!

i t t t t
cycle time fraction open 081 1 °2 h2
(seconds) © °¢ °¢
255 70,5 5040 8240
6.1 0.5 P3e5 70,0 49,0 83,0
2340 68.0 Ls,0 82,0
2540 68.0 45,0 8340
23,0 7145 k7,0 83,0
6.1 9.7 23.0 70,0 46,5 82,0
2340 7240 45,0 82,0
23,0 70,0 43,0 83,0
2640 68.5 51,0 83,0
10.0 045 26.0 68.0 50.0 83,0
26,0 65,0 47,0 83,0
2640 61.0 k1,5 82.0
25.0 65.0 49,0 83,0
10.0 0.7 25,0 63,0 48,0 82,0
25,0 61.0 41,0 83,0
25,0 64,0 Lp,0 82,0
23,0 74,5 L4, 0 86,0
N 1.0 220 7645 ha,2 82.5
2340 7545 Lo,5 82,0
2540 76.5 Ll 1 83,0
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b) Inlet hot water temperature 72%¢

1e ti t th t th
cycle time fraction open c1 1 22 o 2

(seconds) %c E c c
26,0 26.0 41,0 3740
10,0 0.5 26.0 5540 38,0 7% 60
26,0 54,0 37,0 7240

26.0 570 3740 7340
255 5645 2945 73,0
10,0 0.7 255 5245 3240 730
2545 55.0 3540 7340
25.9 L6,0 34,0 730

2205 61.0 3760 7260
13.0 0.5 22.5 60.5 | 38,0 | 72.0
O o5, 59.5 Z640 7160

Ay 56.0 34,0 7340

20 59.0 28,0 7340

13.0 0L7 26.5 58.0 | 37.0 | 7340
265 5540 35,0 7260

26.5 530 3340 7260

23.0 6645 33,0 71 4.0
- 1.0 2345 6645 | 3341 | 7145
2545 675 3340 7240

23..0 67.0 335,40 7260
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Appendix C

SAMPLE CALCULATIONS

1. Calculation of Reynolds Number

Re Reynolds number

f’V’Deq

(For hot water in annulus)

where ‘/IL

viscosity of hot water at average

It

temperature

RELTRRS g0~°2 poise (g/em sec)(Perry)

= 0,682 x 6.72 x 10~ 1b/ft sec

/ﬂ = density of hot water
Deq = equivalent diameter, ft
= 4 (annular area) = bs
wetted perimeter P
The inner diameter of outer pipe = 1,610 = 0,1341 ft
1.2
The outer diameter of inmer pipe = 1.050 = 0.0875 ft
' 12
.". annular area, S = EL [ (.1341)2— (.0875)2 ]
= _{T" (.2216) .(,0466)

= ,008113 ft2
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Wetted perimeter, P

1}

TT{(.1341)¢(.0875)j

= 6964 ft
Therefore, Deq = (4) (.008113)
(.6964)
= JO4659 ft
So the velocity of hot water,
U = (15:53) (2.2)(1b/min) (min)

(6240) 1b/cu.fts(.008113) 1t° (60)sec

]

1132 /ft/scc

Therefore, Re

i

(u0L4659) (1.132) (62.0)

(46829 (6.72) (10~ H

1

7149, 24



9k

2. Calculation of Logarithmic Mean Temperature

Data
cycle time = 6,1 sec fraction open = 0,5
o t t t t
(7e) ¢, h, c, h2
2345 7045 50,0 82,0

Logarithmic mean température difference,

A Tln was

calculated by using the equation

where

Therefore,

Ar o

AT1

g, 90T
ﬁT1

1n
AT,
= T = T
h1 c1
= T -
h, "¢

=  (7045=23.,5)=-(82.0-50,0)

(7005"23.5)
(82+0-50,0)

1n
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3s Calculation of Overall Heat Transfer Coefficient
From the equation...

Q = U4, A Ty, e (3=1)

where Q is the heat transfer rate, Btu/hr
U is the over all heat transfer coefficient,
BTU/hr | /OF f£t°
Ao is the total heating surface area based on

outside diameter

Ao o TTDOL
A (3,;2-.)«.0875)(10)
=/ . 247499 42
So Q = wcpA S UOAOA T
U = _wC_ AT
o P
Ao A Tln
where T = Temperature difference (OF)

w flow rate of hot water (1b/hr)

]

Therefore, the over all heat transfer coefficient is

(=]
1

(15453)(242)(0653)(60)(140) (8240-7045) (1.8)
(247499) (39.0625)

209.88 = 209.9  Btu/hr £t2 °F

L}
|
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