Design and selection
|

An electric heating cable system uses the heating cable to replace the heat that is lost throuth the thermal insulation
system. Replacing the lost heat allows the pipe and product inside the pipe to be heat at a constant temperature. It is

important for selecting heating cable to calculate the lost heat on the pipe. Vessel and tank.

Calculate the heat loss of pipe and accessories

1 Determination of parameters
-
d S d ( )T, ( )
T, T, T, T=T,T,

It is desired pipe, vessel maintenance temperature (T, ) and minimum ambient temperature (T,) and pipe diameter

(d). surface areas of vessel(s), thermal insulation type and thickness.

2 Thermal design
Q=fx ex hx q
Q- heat loss
q- q( 5-1 ) basic heat loss
f— ( 5-2) thermal insulation factor (see chart 5-2)
e- ( 1 0.6-0.9) pipe factor (metal 1,no metal 0.6-0.9)
h- ( 1 0.9) ambient factor (outdoor:1,indoor:0.9)
1: 1/2” 10mm 10
25

Example: There is a pipeline to be maintained at 10 , Min ambient temperature is -25 , pipe diameter is 1/2”
(inch), Insulation is 10mm thickness calcium silicate in outdoor.
T=T,-T,=10 —(-25 )=35
5-1 1/2"  10mm T=35
use table 5-1 pipe diameter 1/2”,10mm thickness insulation where desired temperature differential falls between values,
use interpolation:
T,=30 9,=11.0W/m;
T,=40 q,=14.9W/m;
T=35 g=09,+(@,-q)/( T,- T)x( T- T)=11.0+(14.9-11.0)/(40-30)x 5=12.95W/m;
5-2" From table 5-2 (calcium silicate)
f=15e=1h=1
Require heat: Q=1.5x 1x 1x 12.95=19.425(w/m)

5-1 5-2 1
Note: Insulation correction factor are bassed on glass fiber insulation

( 22 23)
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5_1 (Q ) Qy /7 (W/m)
B 1
8.9 /
x 0.9

(mm) () NB(mm) 8 15 20 25 32 40 50 65
NPS( ) 1/4 12 3/4 1 11/4 11/2 2 21/2
(mm) 14 21 27 34 42 48 60 76
10 20 6.2 7.2 8.5 10.1 12.1 13.6 16.4 19.3
30 9.4 11.0 12.9 15.4 18.5 20.7 24.9 29.4
40 12.7 14.9 17.5 20.8 25.0 27.9 33.7 39.7
20 20 4.0 4.6 5.3 6.2 7.3 8.0 9.5 1.1
30 6.2 7.0 8.1 9.4 1.1 12.2 14.5 16.8
40 8.3 9.5 10.9 12.7 15.0 16.5 19.6 22.8
60 12.8 14.7 16.9 19.6 23.1 255 30.2 35.1
25 20 3.6 4.1 4.6 5.3 6.2 6.9 8.1 9.3
30 5.4 6.2 7.1 8.1 9.5 10.4 12.3 14.2
40 7.4 8.4 9.5 11.0 12.9 14.1 16.6 19.2
60 11.4 12.9 14.7 17.0 19.8 21.8 25.6 29.6
80 15.6 17.7 20.2 233 27.2 29.9 35.1 40.6
100 20.1 22.8 26.1 30.1 35.1 38.6 45.4 52.5
30 20 3.3 3.7 4.2 4.8 5.5 6.1 7.1 8.1
30 5.0 5.6 6.3 7.3 8.4 9.2 10.8 12.4
40 6.7 7.6 8.6 9.8 11.4 12.5 14.6 16.8
60 10.3 11.7 13.2 15.1 17.6 19.2 225 25.9
80 14.2 16.0 18.2 20.8 24.1 26.4 30.9 355
100 18.3 20.7 23.4 26.8 311 34.1 39.8 45.8
120 22.7 25.6 29.0 33.2 38.6 42.2 49.3 56.7
140 27.2 30.8 349 40.0 46.4 50.8 59.4 68.3
160 32.1 36.2 411 47.1 54.6 59.8 69.9 80.4
180 37.1 42.0 47.6 54.5 63.2 69.2 80.9 93.0
40 20 2.8 3.1 3.6 4.0 4.6 5.0 5.8 6.6
30 43 4.8 5.4 6.1 7.0 7.7 8.9 10.1
40 5.8 6.5 7.3 8.3 9.5 10.4 12.0 13.7
60 9.0 10.1 11.3 12.8 14.7 16.0 18.5 21.1
80 12.3 13.8 15.5 17.6 20.2 21.9 25.4 28.9
100 15.9 17.8 20.0 22.7 26.0 28.3 32.8 37.3
120 19.7 221 24.8 28.1 32.2 35.1 40.6 46.2
140 23.7 26.5 29.8 33.8 38.8 422 48.8 55.6
160 27.9 31.2 35.1 39.8 45.6 49.7 57.4 65.5
180 32.3 36.2 40.6 46.0 52.9 57.5 66.5 75.8
50 20 2.6 2.8 3.2 3.6 4.1 4.4 5.0 5.7
30 3.9 4.3 4.8 5.4 6.2 6.7 7.7 8.7
40 5.3 5.9 6.5 7.3 8.4 9.1 10.4 11.8
60 8.1 9.0 10.1 11.3 12.9 14.0 16.0 18.1
80 11.2 12.4 13.8 15.5 17.7 19.1 22.0 24.9
100 14.4 16.0 17.8 20.1 22.8 24.7 28.4 32.1
120 17.8 19.8 22.1 24.8 28.3 30.6 35.1 39.8
140 215 23.8 26.6 29.9 34.0 36.8 423 47.9
160 25.3 28.1 31.3 35.2 40.1 43.4 49.8 56.3
180 29.2 32.5 36.2 40.7 46.4 50.2 57.6 65.2
80 20 2.1 2.3 2.6 2.8 3.2 34 3.8 4.3
30 3.2 35 3.9 4.3 4.8 5.2 5.8 6.5
40 4.4 4.8 5.2 5.8 6.5 7.0 7.9 8.8
60 6.7 7.4 8.1 9.0 10.0 10.8 12.1 13.5
80 9.2 10.1 1.1 12.3 13.8 14.8 16.6 18.6
100 11.9 13.0 14.3 15.9 17.8 19.1 215 24.0
120 14.7 16.1 17.8 19.7 22.0 23.6 26.6 29.7
140 17.7 19.4 214 23.6 26.5 28.4 32.0 35.7
160 20.9 22.9 25.1 27.8 31.2 33.4 37.7 421
180 24.1 26.5 20.1 322 36.1 38.7 43.7 48.7
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80 100 150 200 250 300 350 400 450 500 600
3 4 6 8 10 12 14 16 18 20 24
89 114 168 219 273 324 356 406 457 508 610
23.0 28.8 41.1 52.6 64.7 76.1 83.3 94.6 105.9 117.2 139.7
35.0 43.8 62.5 80.0 98.5 115.8 126.7 143.9 161.1 178.3 212.6
47.3 59.2 84.5 108.2 133.2 156.6 171.3 194.6 217.9 241.1 287.4
13.0 16.0 225 28.5 34.9 40.9 447 50.7 56.7 62.6 74.6
19.8 24.4 34.2 43.4 53.2 62.3 68.0 77.1 86.2 95.3 113.4
26.7 33.0 46.3 58.7 71.9 84.2 92.0 104.3 116.6 128.9 153.4
41.2 50.9 71.4 90.5 110.8 129.9 141.8 160.8 179.7 198.7 236.5
10.9 13.4 18.6 23.5 28.7 33.5 36.5 41.4 46.2 51.1 60.7
16.6 20.3 28.3 35.7 43.6 51.0 55.6 63.0 70.3 7.7 92.4
22.4 275 38.2 48.3 59.0 69.0 75.2 85.2 95.1 105.4 124.9
34.5 42.4 59.0 74.5 90.9 106.3 115.9 131.3 146.7 162.0 192.6
47.4 58.2 81.0 102.3 124.8 146.0 159.2 180.3 201.4 222.4 264.5
61.2 75.2 104.5 132.0 161.1 188.5 205.5 232.8 260.0 287.2 341.5
9.5 11.6 15.9 20.1 24.4 28.5 31.0 35.1 39.2 43.2 51.3
144 17.6 24.3 30.5 37.1 43.3 47.2 53.4 59.6 65.8 78.1
19.5 23.8 32.8 41.3 50.2 58.6 63.8 72.2 80.6 88.9 105.6
30.0 36.6 50.6 63.6 77.4 90.4 98.4 111.4 124.3 137.1 162.9
41.2 50.3 69.4 87.3 106.3 124.0 135.1 152.9 170.6 188.6 223.6
53.2 65.0 89.7 112.8 137.2 160.2 1745 197.4 220.3 243.1 288.7
65.9 80.4 111.0 139.6 169.9 198.3 216.1 244.4 272.8 301.0 357.5
79.3 96.8 133.5 168.0 204.4 238.6 259.9 294.0 328.1 362.1 430.1
93.3 113.6 157.2 197.7 240.6 280.8 306.0 346.1 386.2 426.3 506.2
108.1 131.9 182.0 228.9 278.6 325.2 354.2 400.7 447.1 493.5 586.2
7.6 9.2 12.6 15.7 19.0 22.1 24.0 27.1 30.2 333 39.4
11.6 14.1 19.1 23.9 28.9 33.6 36.6 41.3 45.9 50.6 60.6
15.7 19.0 25.9 32.3 39.1 45.5 49.4 55.8 62.1 68.5 81.1
24.3 29.3 39.9 49.8 60.3 70.1 76.2 86.0 95.8 105.6 125.1
33.3 40.2 54.8 68.4 82.7 96.2 104.6 118.1 1315 144.9 171.7
43.0 52.0 70.8 88.3 106.8 124.2 135.1 152.4 169.8 187.1 221.7
53.3 64.4 87.6 109.3 132.3 153.9 167.3 188.8 210.3 231.7 274.5
64.1 77.4 105.4 1315 159.1 185.1 201.2 227.1 252.9 278.1 330.5
75.4 91.1 124.1 154.8 187.3 217.9 236.9 367.3 397.7 328.1 388.7
87.3 105.5 143.7 179.3 216.9 252.2 274.3 309.5 344.7 379.9 450.1
6.5 7.8 10.5 13.1 15.7 18.2 19.8 223 24.7 27.2 32.2
9.9 11.9 16.0 19.9 23.9 27.7 30.1 33.9 37.6 41.4 48.9
134 16.1 21.7 26.9 32.3 37.5 40.7 45.8 50.9 56.0 66.2
20.7 24.8 33.4 41.4 49.9 57.8 65.7 70.6 78.5 86.3 102.1
28.5 34.1 45.9 56.8 68.4 79.3 86.1 96.9 107.7 118.5 140.1
36.7 44.0 59.2 73.4 88.3 105.4 111.1 125.1 139.1 153.0 180.9
45.5 54.5 73.3 90.9 109.4 126.8 137.6 154.9 172.2 189.5 224.0
54.7 65.6 88.2 109.3 131.6 152.5 165.5 186.4 207.2 227.9 269.4
64.4 77.2 103.9 128.7 154.9 179.5 194.9 219.4 243.9 268.3 317.2
74.6 89.4 120.3 149.0 179.4 207.9 225.6 254.0 282.4 310.7 367.2
4.8 5.7 7.4 9.0 10.7 123 133 149 16.4 18.0 21.1
7.3 8.6 11.3 13.7 16.3 18.7 20.2 22.6 25.0 274 32.1
9.9 11.6 15.2 18.5 22.0 25.3 27.3 30.6 33.8 37.0 43.5
15.3 179 23.5 28.6 34.0 39.0 42.1 47.1 52.1 57.1 67.0
20.9 24.6 32.2 39.2 46.6 53.5 57.8 64.7 715 78.3 92.0
27.0 31.8 41.6 50.6 60.2 69.1 74.6 83.5 92.3 101.5 118.8
33.5 39.9 51.5 62.7 74.5 85.5 92.4 103.4 114.3 125.3 147.1
40.3 47.3 61.9 75.4 89.6 102.9 111.2 124.4 137.5 150.7 176.9
47.4 55.7 72.9 88.8 105.5 121.1 130.9 146.4 161.9 177.4 208.3
54.9 64.5 84.4 102.8 122.2 140.3 151.5 169.5 187.5 205.4 241.2
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5-2: insulation correction factor

3 Heat loss of valve
1.22
The heat loss of gate valve is 1.22 times that of pipe(the same diameter)
0.7  ball valve 0.7 factor
( ) 0.5 butterfly 0.5 factor
0.6 inlet valve 0.6 factor
4 The heating cables power and length selection:
(
1)
a 15 X
b. 11-15 5-1 5-3

c.

According to heat lose of the pipe and select a proper heating cable. The maximum maintenance temperature must be
higher than fluid temperature, If heating cable rated power exceed heat loss of pipe. The following are procedures to solve
the problems:

a. The ratio between heating cable and heat loss of pipe exceed 1.5, It is required that two heating cable to be attached
on the pipe.

b. The ratio falls between 1.1 and 1.5, The heating cable may be spiral wrapped to incresase the total wattage of the
tracing system. Installed cable length=pipe length x spiral factor (see table 5-3)

c. Change thermal insulation material or increase it's thickness.

o~ 3§
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Additional considering of adding the amount of heating cable install on each valve, flange, pipe support, power connection
and splice connecton, Adders are for(flange is 2 times pipe size, elbow is 1.5 times and pipe support is 3-5 times, Power
connection adds 1 meter and splice connection add 0.5 meter), Total heating cable requirement is add up length of accessories

and cable length.

5-3: (pitch in mm)

Heat loss of vessel
5-4
Q
The first determaination is the total surface area A of the vessel, The heat loss in table 5-4 are based on insulation

material thickness and fluid temperature. The formula is:

1 Q=12x gx s
1.2 (safe factor)
q: (W/m?)(heat loss in a square meter)
S: (m?)(surface area of vessel)
2: D=3m  h=4m -10 15m/S 50mm

80
Example: There is a 3 meter diameter, 4 meter high vessel, minimum ambient temperature: -10 Max wind speed:

15m/s, thermal insulation is 50mm, Slag wool, maintenance temperature is 80
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T hEAASSECHVE g(w/m?)Heat loss of vessel

PREATEL R Y e i JE C
(mm) 5 10 20 30 40 50 60 70 80 % 100 120 % 1
38 2231 25.08 3079 36.77 43.02 4955 56.38 6352 70.98 7877 86.91 10418
50 17.25 1939 2381 28.43 3327 38.32 4361 49.14 54.19 60.95 67.20 80.63
75 171 1316 16.16 1930 2258 26.02 2061 3337 37.29 4139 45.68 54.82 =)
RA 100 8.86 9.96 12.23 14.61 17.09 19.69 22.41 25.29 28.25 3136 34.60 4151 ﬁ
125 714 802 985 1176 1377 15.86 18.05 2034 2273 25.36 27.85 33.43
150 596 6.70 823 9.84 1152 13.27 15.10 17.02 19.02 2111 23.30 27.97 WIE
38 35.91 40.15 48.79 57.77 66.89 76.39 86.02 95.92 106.08 11663 127.38 14977 40C
50 28,07 31.39 38.14 45.08 52.20 59.62 67.14 77.87 8281 91.06 99.46 116.97
75 1927 2154 26.18 30.95 35.90 40.93 46.10 5141 56.87 62.49 68.31 80.36 N {Ei
BT 4 100 14.64 16.43 19.97 23.60 27.33 3116 35.09 39.17 43.37 47.65 52.05 61.24 s
125 11.86 13.26 16.12 19.05 22.06 25.16 28.38 3166 35.02 38.48 42.03 49.45 15m/s
150 992 11.09 1353 15.99 18.52 2112 2379 2653 29.35 3225 35.23 4145
38 2414 29.32 59.95 70.83 8181 93.19 104.61 116.36 12834 140.42 15271 178.08
50 34.65 38.72 47.16 55.63 64.25 73.19 82.17 91.32 10074 11023 120,01 139.86
75 23.99 26.81 3253 38.44 44.49 50.59 56.81 63.14 69.59 76.23 82.93 96.76 ﬂ
[t 100 18.34 20.49 24.86 29.38 34.01 38.67 43.43 48.27 63.21 5824 63.41 73.93
125 14.83 16.57 2018 23.80 27.50 3127 35.12 39.11 43.11 47.15 5134 59.86
150 12.51 13.97 16.96 20.00 2311 26.28 2051 3281 36.17 3062 4311 50.26
38 52.62 59.00 72.38 85.96 99.95 11459 120.45 14473 16056 176.68 19321 227.48
50 4163 46.69 57.07 67.92 79.01 90.59 10237 114.49 126.94 139.72 15284 180.06 i
75 28.95 3247 39.77 47.34 55.08 63.06 7128 79.74 88.44 97.38 106.55 12561
P 100 22.26 24.97 3053 36.28 4221 48.34 5474 61.24 67.93 74.81 81.87 96.54
125 18.02 2022 24.72 29.43 3431 39.29 44.42 49.70 55.13 60.72 66.45 78.38
150 15.16 17.00 2087 24.80 28.86 33.05 3737 4181 46.39 51.08 55.92 65.96
38 787 1061 1630 2253 28.61 3517 42.04 4923 56.83 64.70 72.86 9031 ‘\“
50 604 822 12.62 17.30 2216 2724 3256 38.13 44.03 50.13 56.46 70.06 i
75 414 558 8.58 11.80 15.06 18.55 2218 25.97 29.94 34.10 38.44 a7
TR 100 312 421 6.52 891 11.45 14.07 16.83 19.71 2272 25.87 2917 36.20
125 251 3.43 5.27 720 9.22 1134 1356 15.88 18.31 2085 23.47 2014 e
150 213 287 441 6.02 771 9.48 1133 1327 15.30 17.45 19.67 24.40 L
—10C
38 1213 16.42 25.16 34,00 4325 52,61 62.24 72.27 82.47 92.95 10372 12631 E
50 953 1279 1961 26,61 3372 4118 a8.72 56.47 64.45 72.65 8115 98.85
75 658 8.83 1353 1829 2326 2831 33.49 38.83 4431 50.05 55.86 68.00 IR+
UEHE 100 506 6.79 1032 13.95 17.68 2160 2556 2963 33.82 38.12 42.56 51.81 15m/s
125 407 546 837 11.31 1434 17.45 2064 23.93 27.32 30.80 34.38 41.89
150 3.40 457 7.00 9.46 11.99 1465 17.34 20.10 22,94 25.86 28.87 35.15
38 15.01 20.12 3051 a1.27 52.33 63.57 75.05 86.63 98.41 11012 12284 148.06
50 1165 15.88 24.07 3257 4114 29.97 59.01 68.12 77.39 87.00 96.63 116.49
75 821 11 16.69 22.49 2852 3458 4084 47.15 53.68 60.23 66.91 80.61
[t 100 6.23 835 12.77 16.93 21.82 26.46 31.24 36.07 4107 46.09 51.20 61.69
125 510 6.84 1037 13.97 17.65 21.48 2538 2924 33.22 3729 41.42 49.96
150 427 5.72 868 11.79 14.89 18.06 2129 2458 27.93 3135 34.82 42.00
38 18.13 2439 3739 50.90 64.82 79.21 93.88 109.18 12471 14078 157.28 19124
50 14.38 1935 29.66 40.39 5134 62.75 7454 86.54 98.87 11164 12428 151.79
75 10.02 13.49 2076 28.16 35.95 43.86 52.02 60.52 69.17 78.05 87.17 106.12
RERG 100 775 10.43 15.92 2169 2758 3372 40.00 4654 53.19 60.04 67.06 81.66
125 625 8.42 1295 17.58 22.44 27.38 32.48 37.80 4321 4876 54.48 66.35
150 533 747 1094 14.85 18.88 23.05 27.39 3182 36.37 4105 45.86 55.86
38 547 1161 17.87 24.44 3133 3857 46.15 54.10 7112
50 435 908 13.97 1911 2450 30.27 36.22 42.46 55.81
75 304 623 959 1322 16.94 20.85 24.95 29.24 38.43
RAR 100 229 478 736 10.06 12.89 15.98 19.05 2232 29.34
125 184 390 6.00 820 1051 12.84 15.41 18.06 2373 .
150 154 326 501 685 878 1081 12.93 1515 19.90 /2.
+20°C
38 823 1671 25.45 3445 4373 53.30 63.41 73.61 94.95
50 637 13.16 20.05 27.37 3474 22.33 50.16 58.45 75.40
75 448 926 14.10 19.08 24.41 29.75 35.24 40.90 5256 TE R
B4 100 351 713 10.86 14.69 18.65 22.90 27.13 3137 40.45
125 283 574 8.88 12.02 15.25 18.58 2201 2554 3203
150 237 488 7.43 1005 12.76 15.66 18.56 2153 27.67
38 9.66 19.93 29.88 4061 51.29 62.17 73.26 84.91 10821
50 7.78 1573 23.85 3242 40.94 49.62 58.72 67.77 86.37
75 532 1112 16.86 2291 28.93 35.07 4132 47.89 61.03
e 100 432 859 13.02 17.69 22.33 27.07 32,03 36.97 47.11
125 348 7.04 10.67 14.37 18.20 2217 26.13 30.16 38.43
150 292 589 9.08 1223 15.44 18.72 22.06 25.46 32.44
38 11.08 24.02 37.32 5057 64.22 78.28 9273 108.04 139.02
50 952 19.49 30.00 4101 52.09 63.49 75.22 87.28 11235
75 683 13.89 2155 2921 3711 45.42 53.81 62.44 80.40
Tkl B 100 5.20 10.95 16.70 2283 28.99 35.35 41.88 48.60 62.58
125 435 899 13.72 1859 2381 20.02 3438 39.90 5137
150 377 767 11.70 15.85 2013 2454 20.08 3374 43.44
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54 15m/S -10 80 g=77.39W/m?
The heat loss in the table is : q=77.39W/m?
Q=1.2x gx s=1.2x gqx (2pR+pDh)
=1.2x 77.39%x (2x 3.14x 1.5%+3.14x 3 x 4)=4811.49(W)
4811.49W

If value falls between two values, please use interpolation.

Formula

The above table is derived by the actual situation, It is also calcuated by following formula:

a. heat loss of pipe: b. heat loss of panel surface:

2pl (T,,-T,) pl (T,-T.)
= —  (W/ - —0 H__x S (W)
N In[(d+2d)+ d] wim Q a1

| (W/ 7/ ) thermal conductivity of insulation

d (mm) pipe outer diameter

d (m) insulation thickness

Tw () maintenance temperature

T, () minimum average ambient temperature
S (m?) surface area

Q (W) heat loss

The formula is ideal sitiation, It must be consider wind speed, insulating ageing and safe factor in the application.

Selection of heating cable

To select the proper heating cable, consider the following:

a. pipe maintenance temperature and maximum exposure temperature.

b. supply volatge, electricity net and length of the heating cable.

c. The length of cable is derived by heat loss of pipe per meter.

d. The heating cable construction is based on surroundings (ordinary range in non-hazardous areas, Strengthen

range in hazardous areas)
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3 o 19.43W/m
14 RDP,-J,-20 €H) 30W/
m “ 147 RDP,-J,-30  RDP,-J,-30
RDP,(Q)-J,-30
4: @) 52m? 4811.5W “ 147 LDB-B
: n=4811W+ 1200= 4( )

“ n

Design and calcuation in special condition

maximum explosure temperature higher than cable withstand temperature:
5-2 5-10mm
10
Fie 205
, 250 5mm
Due to it short time for steam pass through the pipe, It may be select double layer thermal insulation, The inner thermal
insulation thickness is 5-10mm, Then aluminium tape and should be attached on the insulation, The heating cable is attached

on the aluminium tape, It decrease temperature of cable surface.

Pipe

Inner insulation

Tracer

Outer insulation

( ) Metal foil (aluminum)

Temp

Max pipe temp

Interface

Outer insulation face —

Ambient

o ] r ’ 5-2
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Design of Tracer in harzdous and calculate of surface temp of tracer

NEC IEC IEC
IEEE515-1997 61

1 0 (EC )

2 1 (EC )

3 1 1

4

5 1 1 1

T =(WC)I(UA)+T

T C

Wi 7))
C: 1

u: (Wim2. )

A (m?)
T )

U=P (0.01665P ;+0.06649)+9.596+0.08534P,
: P, )

120%
80%
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