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Appendix A

Table of experimental results and specimen calculations




simultaneously developing velocity and temperature

42

Experimental results for heat transfer with

profiles in an equilateral triangular duct of

. z/dh = 5.04 with constant wall temperature.

Table A-1
OH Re Gz

mm.H,0
10 528.26 76.90
15 639.58 93.12
20 729.18 106.14
25 806.40 117.41
30 881.73 128.39
35 950.12 138.31
40 1013.03 147.43
45 1074.84 156.53
50 1130.90 165.13
55 1188.20 173.04
60 1240.11 180.63
65 1291.17 188.04
70 1340.89 195.33

157<031 102.721

157.207
157.072
157.274
157.166
157.041
157.233
157.193
157.072
157.395
157.289
157.099
157.139

99.913
99.071
98.284
97.554
97.371.
97.316
97.019
96.753
96.494
96.342
96.446
96.374

117.643
117.921
117.193
116.737
116.239
115.911
115.625
1g5.212
114.746
114.492
114.047
113.764
113.337

156.383%
156.559
156.667
156.842
156.761
156.667
156.734
156.869
156.964
157,112
156.923
156.815
156.802

6.23
8.61
9.99
11.18
12,12
12,92
13.51
14.14
14.64

15.20 |

15.54
15.85
16.04
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Table A-2 Experimental results for heat transfer with
simultaneously developing velocity and temperature
profiles in an equilateral trisngular duct of

z/cll_l = .28 with constant wall temperature.

AH Re Bz W, # % %

w,f ﬂul

mm. H,0 “p Op “p Op

10 53%3.,22 42,16 162.41/9580 118.08 162.37 4.29
15 64%.25 50.88 161.9L 95.45 118.00 161.87 5.27
20 731.86 57.69 162,85 95.04 118.35 163.25 6.07
25 810.02 64.047162,21/94.94117.97 162.07 6.72
30 883.85 69.8¢ 162.18 94.31 117.62 162.05 7T.36
35 952.17 T75.31 V61i81593,98 117.36 161.69 T.97
40 1013.67 ©80.35 161.02 93.53 117.27 162.02 8.55
45  1077.56 ©5.26 161.82-92.99-116.95 161.74 9.13
50  1138.00 90.01 161.97 91.90 116.50 161.89 9.74
55  1192.05 94.34 161.87 92.01 116.29 161.85 10.07
60 1242.98 95.35 161.93 92.02 116.24 161.95 10.46
65  1296.56 102.57 162.34 91.17 115.55 162.20 10.77
70 1346.97 106.59 163.05 91.19 115.43 162.92 10.98
75 1390.56 110.05 162.49 91.54 115.14 162.42 11.14
30 1437.18 113.72 162.61 91.56 114.82 162.68 11.27
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Takle A-3 Experimental results for heat transfer with
gimultaneously developing velocity and temperature
profiles in an equilateral triangular duct of

Z/dh = 12.35 with constant wall temperature.

OH te Gz tw’ ' e tf tw,f N*j
" mm. 11,0 Y Op °F °F

10 543.55 32.32 15642.3288,69.,115.83 156.40 4.15
15 662.02 39.37_156+4188336L15.72 156.49 5.07
20 752.98 44.78 156,25 88,12115.65 156.32 5.80

25 835.41 49.69 156.79 87.55 115.31 156.45 6.28
30 905.34 53.04 157.15 87.69 114.91 156.90 6.72

35 973%.18 57.86 157.07 67.58 114.44 156.75 T.1ll
40 1041.16 61.92 157.15 87.42 113.94 156.38 T.45
45 1095.51 65.15-156.90-87-49-113.62 156.61 T7.72
50 1157.5% 66.656 156,64 37,25 113%.08 156.50 8.01
55 1214.18 72.42 156.68 u7.13 112.088 156.46 8.36
60 1267.04 T75.37 156.65 87.29 112.53 156.40 8.55
65 1316.41 78.31 156.52 87.47 112.23 156.53 8.67
70 1364.91 81.18 156.87 87.90 112.02 156.65 8.77
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Table A-4 ZExperimental results for hcat transfer with
simultaneously developing velocity and temperature
profiles in a right-angled isosceles triangular
duct of z/d, = 5.13 with constant wall temperature.

OH Re Gz tw’o to tf tw’f Nul

mm . H,0 °F °F °F °F

10 463,77 66.28 157.328 106.389 120.063 157.444 5.17
15 559,01 79.90 157,357 106,111 120.460 157.530 6.55
20 637.72 91.16 157.201 104.231 120.3#5 157.166 8327
25 705.15 100.81 157.496 104.188 120.513 157.663 9.19
30 769.24 109.99 157.178 103.654 120.241 157.403 10.17
35 827.19 118.25 157.588 104.252 120.345 157.594 10.62
40 882.42 126.15 157.276 104.,017,120.000 157.415 11.24
45 935.9% 133. 13157357 103.7671°119.714 157.721 11476
50 987.01 141.11 157.478 103,568 119.259 157.461 12.14
55 1034.48 149,93, 157.403,103.291,119.025 157,739 12.6F
60 1080.,03 154,45 157.519 102.863 118.528 157.600 13.03
65 1124.73 160.73 157.669 102.810 118.233 157.559 13.29
70 1168.37 167.06 157.484 102.800 118.040 157.478 13,65
Th 1206.15 17249 157.571 102,949 118,019 157.767 13.89
80 1247.14 178.25 157.461 102.731 117.595 157.652 14.10
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Table A-5 Experimental results for heat transfer with
simultancously developing velocity and temperature
profiles in a right-angled isosceles triangular

duct of z/d11 = 9,06 with constant wall temperature.

OH Re Gz TR te boap  Nug
mm. H,0 OF F A e
10 470.47 38.12 154,74 99437 116.88 155.11 3.60
15 567.00 45.87 153.88 99,48 116.94 154.20 4.43
20 648.42 52.46 153,72 97.45 116.91 154.01 5.47
25 715.74 57.91 153.82 97.97 116.82 154.09 5.97
30 781.26 63.21 153.52 96,88 116,17 153.68 6.57
35 841.19 68,06 153.35.96.93 115.99 153.45 7.01
40 89Y.18 72.75 153.81 95.89 115.84 153.86 7.68
45 953,07 77.2% 153,75 95.91 115,64 153%.94 €.03
50  1.004,50 81.27 153.82 95.65 115.34 154.07 8.38
55  1052.24 85.25 154.09 95.62 115.13 154.22 8.64
60  1097.49 83.91 154.27 95.71 114.92 154.44 3.82
65 1142.12 92.40 154.33 95.84 114.59 154.53 8.93
70  1187.14 96.18 154.15 95.58 114.1C 154.16 5.15
80  1227.40 99.45 154,26 95.50 113.70 154.57 9.23
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Table A-C Experimental results for heat transfer with
simultaneously developing velocity and temperature
profiles in a right-angled triangular duct of

z/d}1 = 12.14 with constant wall temperature.

AH Re Gz tysy by te | Bep Ny
mm. H,0 Op °p Op Op

10 47021 23.43 158412 96488 118.81 156.13 3.15
15 567.96 34.32 158.52 95.71 118.70 158.39 3.92
20 647.17 39.13 158.28 94.46 118,78 158,10 4.70
25 715.07 43,23 156,32 94.87 118.73 158,39 5.12
30 779.10 47.11 158.60 94,81 118,86 153,26 5.60

35 833.87 50.72 158,59 118.74 153.34 6.00

(o
=S
L)

-3
no

40 893%3.834 54,04 158,71

L)
\J1
(&:

o

118,73 158443 6,30
45 94T, 57 57.30 158,86 94.89 118455 150.45 6.64
50 098,81 60,39 158.30 94.96 118.27 158.35 6.93.
55 1045.62 63.22 158.73 95.50 118,03 158.31 7.00 .
60 1091.74 66.01 158.76 94.94 117.63 153.66 T7.26
65 1137.97 68.80 158,52 94.71 117.11 158.50 T.44
70 1181.14 71.41 158.57 95.20 117.01 158.52 T.51
30 1221.75 73.87 158.59 94.78 116.35 159.01 T7.59



Table A-T

Z/ r'ih

5.04

OH

mm.HQO

30

50
60

70

90
100
110
115

BExperimental results for heat transfer with
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simultancously developing velocity and temperature

profiles in an equilateral triangular duct of

higher Reynclds numbers with constant wall

tempere

Re

19%9.2
2231.0
243747
2719.6
2929.08
3132.3
33175
3481.1
3635.9
11T 3

Gz

28246
325.2
36246
39645
427.1
456.6
483.5
507.5
5501

542.0

t

W’O
Op

157,788
157.355
X9 =395
157.045
157.274
X505 126
I57-207
157,220
157.409
157.031

t

0]
Op

94.524
93.853
93,636
934506
93%.203
9%.290
33.011
92.557
92.452

92.294

f
Op

105.343
103.632
108,205
107.372
106,306
106.410
105.381
105,331
104.370
104.541

4=

‘w?f
Op

156.694
1564977
157.126
157.045
157126
157193
157.139
157.099
157247
156.937

Nul

19,22
21,53
2344

24.41
250k
26.25
2T7.04
27.36
28,14



Table A-7

z/dh AH

mm.H2

12435 - 39
40

50

60

70

40

90

100

110

115

(continued)

Re
0

1957.6
2294.1
2508, 7
2795.6
301as X
5222.7
Z412.4
35T€Ce3
367246
3751.6

116.5
136.5
149.2
166. 4
17941
191.8
20341
212.?
218.6
223 ,2

155.99
1564+ 14
156.14
156.14
156, 45
X56L63
156 .65
156.67
15677
156.59

90.50C
39.57
89.71
941
89.23
88478
83846%
H3. 35
B8.46

e

“p

131075
109. 85
109, 44
108.68
LOUeLis
107,61
107.06
106.94
106.19
105,89

tw’f

DF

155.95

15{3. 21
156. 33

156, 29
156445
156.65
156,67
156,70
156.80
156,66

49

Nu

1077
12417
13.15
13. 90
14.57
1551
15.76
16,16
16.41
16.47
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Table A-8 Experimental results for heat transfer with
simultaneously develcping and temperature profiles
in a right-angled isosceles triangular duct of
higher Reynolds numbers with constant wall
temperature.

z/d, OH Re Gz il t, t'f besp Bl
mm. H,,0 °F >y o °F
5.13 30 1718.5 246,0 157.715 94.048 109.466 157.987 17.01
40  1974.0 282.6 157.901 94,026 108.942 158,219 18.74
50 2198.6 314.8 157.906 93.853 108.547 158.398 20.42
60  2405.1 344.4 157.953 93.702 108.141 158,369 21.83
70 258849 370.8 157.785 93.636 107.756 158.311 22.94
80  2757.3 396.2 158,005 93.766 107.500 158.456 23.73
.90  2929.0 419.4 158.022 93.874 107.137 158.444 24.20
100 3072.8 440.1 157.982 93.571 106.624 158.490 24.81
110  3204.7 459.0 158.010 93.831 106.496 158.624 25.09
115 3275.1 469.1 158,045 93.701 106.186 158.519 25.20



Table A-u (continued)

z/d, O Re
mm.HEO
12,14 30 1726.5
40  19B2.1
50 .2207.7
60 2415.3
70 260%.1
60 2750.4

90 2J40.5
100 3086.4
110 3218.4

115 3289,.7

Gz

104 .4
119.9
133.6
1462
157.5
168.3
1T
186,/8
1948
199.1

t
we

{JF

157.316
157.542
1514435
157.924
157.149
V57270
157.276
157.056
157.114
156,931

4
4

Yy

39.417
39.4&3
89.279
£9.416
69.192
8Y ., 250
894498
89.279
69.558

69,401

g
CJF

11C.085
109.658
109,145
108,771
106.093
107.714
107500
106.976
106,784
106,523

tw’f ﬂul

Op

157.652 9.45
157.929 10.51
153,165 11,40
158,347 12,09
157.564 12.79
157.706 13.27
157.672 13.68
157.463 14.08
157.544 14.24
157.449 14.49
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Sample of calculation

For an equilateral triangular duct of z/-dh = 5.0

At a differential pressure, OH = 25 mm,

Available data

Ferimeter,

Totzl length,
Volume rote of flow, V

Initial bulk temperature;
Final bulk temperature,
Initial wall temperature, t

Final wall temperature,

Hydraulic

Mean velccity <f the air, w,

Logaritihmic mean

C¢l

Creoss secticnal area, 4,

diameter,

A

“

h20.

F 5.07825

1.239
L = 4,92
1608 litres/h.

t, 98.284 deg.F.
116,157
157.274

156.842

)\ deg.r.

f

deg.Fe.

W,0

A deg.F.

Il

w, T

‘Atx 1.229
5.07825 °

d 0.97593 in.

¥ = 4,5'5.0/? =

144 %1608
28.316X% 1.239

144V
28.316AC

Il

6600.02 f£t/h.

temperature difference,

(B ol ~ iy o)
(% -tu)

W,e0
H tw,f-tf

(157.274 - 98.284) - (156.842 - 116.737)
156.842 - 116.737)

48.42% deg.F.
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3P I+t
Average wall temperature, t = —E&9§Qﬂaﬁ

_ 157.274 + 156.842
= 2

157.058 deg.F.

Since Lty = (b =t,)q

m at17 X -/
Thus the bulk temperature, tb = tw Lil

1}

157.058 - 48.423
108.635 deg.F.

I

The values Cp’ M, k and o are estimated from the bulk
/ /

temperature, t =

b

C
p

F
k

1l

1l

andjp

Thermal diffusivity, = = kAon

Prandtl number, Pr

Reynolds number, Re

108.635 deg.F, that is

0.25 Btu/1b-°F,
0.04647 1b/ft-h,

0.01583 Btu/h-ft°-°F/ft,
0.06981 1b/ft>.

0.01583
0.06981 ~ 0.25

= 0.907

_ . _ 0.25x0.04647

= Cpu/k = 0.01583

= 0.7338
dhw]f
}.1

0.97593 <6600.02:<X0,06981
12X0.04647

806.40

1l

e WM T e e - )

L et ne e Ut i e it S il o

P Y P LN Ll D A R L R PR Vi

Y e el e

ook b
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t 4
Rerr
Graetz number, GZ = TE7EE7
806,40 X0.7338
L 5.04
= L117.41
Prom eq. (8) in section 1.3, Nusselt number
- 97" e l . wbdh . (ti‘-tL‘.)
W T 7 I ot
1. 6600.02(0.97593)°12 . (116.737-98.284)
- 4 0.907 x4.92 X 144 48.423
= <118




Appendix B

Alr flow measurements
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B-1 Air flow measurement using an orifice mectexr

There are several types of fluid flow-measuring device
such as corifice meter, flow nezzle, venturi tube, for instance,
they are hcwever based on the same principle. Detailed
informations on such device may be found elsewhere in the
1iterature} Many investigators are often faced with the
question of which type of flow-measuring device shculd be
suited for their purpcses., In/this investigation the orifice
was selected because it had the merit that it could be
installed in a pipeline with a minimum of trouble and
expense. In addition, it was ¢asy and convenient to construct
all components. In view of the fact that the flow of air
fell well with Reynolds number nct more than 4000, the effect
of frictiovnal resistance-.offered by it would not be so
important to consider. aAnd the pressure difference Letween
the orifice plate was also small relative to the total
pressure, therefcre, the compressibility of air could be

ignored.

Por an orifice the flow equaticn, which may be found

in many fluid mechanics text books, is derived from the two

e e P P o e

l ) T ) i q - T 1
See, for example, Howard, 5, Beam, Fluid Meter:

: : : h . el
The;r Theory and dApplicatio: (6" ed,, The american vociety
of Mechanical Engineers, §.7., 1971).
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principle equations, namely, the continuity and energy

equations. The following expressions may be obtained, i.e.,

Ca ]
V o= smmee O by (P A+Z. =P /¥~3.) . ws(BEY)
Ji - (D,/D))" % Ny el ¥

where V = Volume rate of flow,
C = Coefficient,
&0 = 'Area of the orifice,
DO = Diameter of the orifice,
Dl = Dinmeter of the pive,
Pl = Upstream pressure,
P2 = Downstream pressure,
Zl = Upstream elevation,
22 = Downstream elevation,
¥ = Specific weight,
gy = Acceleration of gravity.

For a given meter all dimensions are known and constant.
Though C varies with the rate of flow, the variation is very
small and eq.(B-1) for = particular meter will reduce to the

following form,

Vo= K[(B/5+2) - (B,/5+2,) eeee(B-2)

where K = conetant.
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It is convenient to express the terms (P1/5+Zl) =
(P2/5+22) as (Hl_HQ) or ®H, the different head. Hence

eq.(B-2) Lecomes
V = Kj';-g_lti oa:n(B-'B)

It is of some interest to concluded that the volume
rate of flow varies directly as the square root of the

different head.

The orifice has been calibrated against standard gas
meter with various measurable flow rates. Detailed
informations may be found in Chapter II., The results obtained

are presente’ graphicaily in ¥igs.B-1 and B-2



0O | 2 3 4 5 6 7 8 9 1011 123
Differential Pressure, cm.Hy0
Fig.B-l Orifice Meter Calibration Curve for Laminor

Region.
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‘ 10,000 ——
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Volume Rate of Flow, Litre per Hour
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Differential Pressure, cm. H20
Fig.B-2 Orifice Meter Calibration Curve for Transition

- Region.
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