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NUTTAVUT WALAIKANOK : NATURAL VENTILATION : CALCULATION OF
DISCHARGE COEFFICIENT IN COMPLEX OPENING (LAMINAR FLOW). THESIS
ADVISOR : DR. CHIRDPUN VITUORAPORN , 183 pp. ISBN 974-03-1500-3.

At present the efficiency on the use of energy in Thailand gains more and more attention.
Several methods for energy saving have been developed. Natural ventilation is also another approach
for energy saving. However the method for calculating the ventilation rate based on this approach is
heavily relied on the accurate data for discharge coefficient. This coefficient is vary according to the type
of the opening used. Therefore in this research the study on the discharge coefficient and deriving the
mathematic equation for calculating the discharge coefficient is performed for different configurations of

the opening.

A set of experiment was performed to study the effect of discharge coefficient when airflow
through complex openings at 30, 45, 60, and 90 degrees with respect to the freestream. The experiment
was done in the square air duct with the initial condition of the air is set to be laminar and fully developed
flow. It is found that the distribution of the discharge coefficient with respect to the angle between the
opening and the direction of airflow in various openings has two main characteristics : overturn-bell
shaped distribution, and M shaped distribution. For the overturn-bell shaped distribution, the discharge
coefficient has a maximum value when the angle between the opening and the direction of airflow is 90
degrees. For the M shaped distribution, the discharge coefficient has a maximum value when the angle
between the opening and the direction of airflow is 45 and135 degrees. The average value of discharge
coefficient in the M shaped distribution tends to be higher than the average value of discharge
coefficient in the overturn-bell shaped distribution. Moreover, the study also points out that the number of

the internal hole for complex openings is inversely proportional to the discharge coefficient.

In developing-the mathematical model , the so-called.shape factor.parameter is used to specify
the various configurations of the opening. This shape factor is found to be related to the layout of the
inside opening and the number of the internal holes. As well as it is inversely proportional to the
discharge coefficient. The effect of the angle between the opening and the free stream, the number of
the internal hole and the shape factor on the discharge coefficient is then used to developed the
mathematical model for calculating the discharge coefficient. The model developed is highly accurate
with the coefficient of determination (rz), equals to 0.9878 for vertical openings and 0.9828 for horizontal

and symmetry openings.
Department Mechanical Engineering Student’s Signature ........cccccvvvviiviieeeeeeiiennnn,

Field of study =~ Mechanical Engineering Advisor's Signature ...............ccocvviiiiiiiin,

Academic year 2001
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4.4 ATAINDBIUAIANNAY

4.4.1 Incliened Manometer

Model . Dwyer Instrument Inc.
Pressure Range : 0-240 mm. of water
Resolution ;0.2 mm. of water

7U7 4 - 8 : udAd Inclined Manometer N4 lun1maang

4.4.2 Microtector

Model : Dwyer Instrument Inc.

Pressure Range . 0-2” w.c. Differential Pressure

Accurate and Repeatable : 10.00025 inches water column



7171 4 - 9 : uan3 Microtector 7l lun1InAaas
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q CcD
3 3

(Degree) | (mm. H,0) | (mm. H,0) } (mm. H,0) | (mm. H,0) (mm. H,0) (m'/s) (m'/s)
——— — = ? =

90 0.23 7.92 7.69 15.38 105 0.0185 0.0343 0.5393

30 0.24 8.99 8.75 17.50 106 0.0187 0.0366 0.5104

45 0.23 8.35 8.12 16.24 106 0.0187 0.0352 0.5299

60 2.57 10.41 7.84 15.68 105 0.0185 0.0346 0.5342

90 0.48 7.70 7.22 14.44 108 0.0190 0.0332 0.5725

30 0.47 8.46 7.99 15.98 106 0.0187 0.0349 0.5342

45 0.45 8.25 7.80 15.60 106 0.0187 0.0345 0.5406

60 2.58 10.05 7.47 14,94 107 0.0188 0.0338 0.5576

90 0.68 8.73 8.05 16.10 106 0.0187 0.0351 0.56322

30 0.42 8.68 8.26 16.52 105 0.0185 0.0355 0.5204

45 0.19 7.91 7.72 15.44 106 0.0187 0.0344 0.5434

60 2.58 10.26 7.68 15.36 105 0.0185 0.0343 0.5397
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q, CD
‘ 3 a3
(Degree) § (mm., H,0) | (mm. H,0) { (mm. H,0) | (mm, H,0) {mm. H,0) {m/s) (m'/s)
80 0.34 8.21 7.87 15.74 106 0.0187 0.0347 0.5382
30 0.35 8.96 8.61 17.22 105 0.0185 0.0363 0.5097
45 0.35 8.56 8.21 16.42 108 0.0185 0.0354 0.5220
60 2.58 10.60 8.02 16.04 105 .0185 0.0350 0.5281
g0 0.50 7.77 7.27 14.54 105 0.0185 0.0333 0.5547
30 .16 7.87 7.7 16.42 104 0.0183 (:.0343 0.5335
4% 0.62 8.29 7.67 15.34 105 0.0185 0.0342 0.5400
60 2.58 9.95 7.37 14.74 105 0.0185 0.0336 0.5509
20 0.45 8.25 7.80 15.60 106 0.0187 0.0345 0.5408
30 0.38 8.50 8.1 16.22 105 0.0185 0.0352 0.5252
45 0.39 7.79 7.40 14.80 106 0.0187 0.0336 0.5550
60 2.57 1010 7.53 - 106 0.0339 0.5502

15.06

0.0187
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q, CD
, 3 3
(Degree) | (mm. H;0) | (mm. H,0) | (mm. H,0) | (mm. H,0) (mm. H,0} {m/s) {m'/s)
a0 0.44 8.67 8.23 16.46 105 0.0185 0.0355 0.5213
30 0.45 9,96 9.51 19.02 105 0.0185 0.0381 0.4850
45 D.47 9.80 9.23 18.66 106 0.0187 0.0378 0.4943
60 2.58 11.18 8.60 17.20 106 0.0187 0.0363 0.5149
a0 0.68 8.35 7.67 15.34 106 0.0187 10,0342 0.5452
a0 0.68 8.79 8.11 18.22 106 0.0187 0.0352 0.5302
45 0.69 8.64 7.95 15.80 106 0.0187 0.0349 0.5355
60 2.58 10.37 7.79 15.58 106 0.0187 0.0345 0.5410
80 0.33 8.63 8.30 16.60 106 0.0187 0.0356 0.5241
30 0.34 8.78 8.44 16.88 105 0.0185 0.0359 0.5148
45 0.34 8.05 7.71 15.42 105 0.0185 0.0343 0.5386
80 2.58 10.67 8.09 16.18 105 0.0185 0.0352 0.5258

LS
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Read from Microtector

Read from Manometer

10.87

16.78

Complex Opening Angle Start pt. .Stop pt. Different Head Head Q, Q, ch
3 2
(Degree) | (mm. H,0) | (mm. H;0) (mm. H,0) | (mm. H0) (mm. H,0) {m'/s) (m'/s)
920 n.28 8.52 8.24 16.48 105 0.0185 0.0355 0.5210
30 0.3% 9,63 9.32 18.64 104 0.0183 0.0377 0.4852
45 0.50 9.33 8.83 17.66 104 0.0183 0.0367 0.4985
a0 2,68 11,15 B.57 17.14 105 0.0185 0.0362 (0.5108
90 0.77 8.55 7.78 15.56 105 0.0185 0.0345 0.5362
30 0.69 9.34 8.65 17.30 108 0.0185 0.0364 0.5085
45 0.69 8.91 8.22 16.44 106 0.0185 0.0354 0.5217
60 2.58 10.62 8.04 16.08 105 0.0185 0.0351 0.5275
a0 0.44 8.76 8.32 16.64 104 0.0183 0.0357 0.5136
30 0.44 10.28 . 9.84 19.68 104 0.0183 0.0388 0.4723
45 0.44 9.62 9.18 18.36 104 0.0183 0.0375 0.4889
60 2.58 11.54 8.96 17.92 104 0.0183 0.0370 0.4849
S0 0.26 9.05 B8.79 17.58 106 0.0185 0.0367 0.5045
30 0.28 9.07 9.69 19.38 106 00187 | 00385 | 04850
45 0.27 8.03 7.76 16.52 106 0.0187 0.0344 (.5420
60 2.58 B.39 106 0.0187 0.0358 0.5213

zs



Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q, cD
3 3
(Degree) | {mm. H,0) | (mm. H,0) | (mm. H,0) | (mm. H,0) {mm. H,0) {m/s) {m'/s)
90 0.41 7.64 7.23 14.46 94 0.0166 0.0332 0.4980
30 0.41 8.20 7.79 15.58 92 0.0162 0.0345 0.4605
45 0.42 7.98 7.56 16.12 93 0.0164 0.0340 0.4818
60 2.59 10.15 7.56 15.12 94 0.0166 0.0340 0.4870
a0 0.76 8.75 =09 15.98 96 0.0189 0.0349 0.4838
30 0.77 9.63 8.76 17.52 97 0.0171 0.0366 0.4668
45 0.77 8.00 7.23 14.46 98 0.0173 0.0332 0.5192
60 2.59 10.50 7.91 15.82 a8 0.0173 0.0348 0.4963
a0 0.18 8.87 8.69 17.38 106 0.0187 0.0364 0.5122
30 0.19 9.97 9.78 19.56 107 0.0188 0,0387 0.4874
45 0.18 9.57 9.39 18.78 107 0.0188 .0379 0.4974
60 2.58 11.56 8.98 17.96 107 0.0188 0.0371 0.5086
a0 0.52 8.91 B.39 16.78 105 0.0185 0.0358 0.5164
30 0.53 9.20 8.67 17.34 106 0.0185 0.0364 0.5079
45 0.53 7.92 7.39 14.78 105 0.0185 0.0336 0.5502
60 2.58 10.46 7.88 15.76 105 0.0185 0.0347 0.5328
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. . Different Head Head Q, Q CD
a a
(Degree) | (mm. H,0) | (mm. H,0) | (mm. H,0) | (mm. H,0) {mm, H,0) {m'/s) {m/s}
90 0.25 7.36 7.10 14,20 o4 0.0166 | 0.0329 | 0.5025
30 0.25 7.86 7.61 15.22 82 0.0162 0.0341 0.4750
45 0.25 7.85 71.60 15,20 93 0.0164 0.0341 0.480.5
60 2.58 9.94 7.36 14.72 94 0.01886 0.,0335 0.4935
a0 0.57 7.81 7.24 14.48 96 0.0169 0.0333 0.5082
30 0.57 9,24 8.67 17.34 a7 0.0171 .0364 0.4692
45 0.57 8.68 8.41 16.82 98 0.0173 0.0359 0.4814
60 2.59 10.62 8.03 16.06 88 0.0173 0.0350 0.4926
90 0.61 8.20 7.59 15.18 96 0.0169 0.0341 0.4963
30 0.62 8.96 8.34 16.68 96 0.0168 0.0357 0.4735
45 0.62 7.23 8.61 13.22 96 0.0169 0.0318 0.5319
60 2.59 9.70 7.1 96 0.0330 0.5128

14.22

0.0169
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Read from Microtector

Read from Manometer

i8.14

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q cD
3 3
(Degree) | (mm. H,0) | (mm.H,0) | (mm.H,0) | (mm.H,0) (mm, H,0) (m'/s) (m's)
a0 0.23 10.52 10.28 20.58 105 0.01856 0.0397 0.4662
30 0.24 12.04 11.80 23.60 107 0.0188 0.0425 0.4437
45 0.24 11.36 11.12 22.24 106 0.0187 0.0412 0.4528
60 2.58 13.14 10.56 21.12 105 (.0185 0.0402 0.4803
90 0.36 12.08 11.73 23.46 104 0.0183 0.0423 0.4325
30 0.36 13.57 13.21 26.42 105 £.0185 0.0449 0.4115
45 G.37 12.95 12.58 25.16 106 0.0185 0.0439 0.4217
60 2.58 14.75 1217 24.34 105 0.0185 0.0431 0.4287
90 0.73 10.06 89.33 18,66 103 0.0181 0.0378 0.4803
30 0.72 10.85 9.83 19.66 102 .0180 0.0388 0.4634
45 0.30 8.89 8.58 17.18 104 0.0183 0.0362 0.5054
60 2.58 11.65 9.07 103 0.0181 0.0372 0.4872
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Read from Microtector

Read from Manometer

12.40

19.64

0.0387

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q, CcD
3 3
(Degree) | (mm. H0) | (mm. H,0) | (mm. H0) | (mm. H,0) {mm. H,0) (m /s) {m/s)
80 0.33 8.22 8.89 17.78 104 0.0183 0.0369 0.4968
30 0.33 9.93 9.60 19.20 102 0.0180 0.0383 0.4688
45 0.73 10.06 9.33 18.66 103 0.0181 0.0378 0.4803
60 2.58 11.49 8.90 17.80 103 0.0181 0.0369 0.4918
an 0.53 10.47 9,94 19.88 100 0.0176 0.0390 0.4518
30 0.54 10.91 10,37 20.74 a9 0.0174 0.0398 (,4379
45 0.53 10.75 10.22 20.44 100 0.0176 0.0395 0.4456
60 2.58 12.60 10.02 20.04 100 0.0176 0.0391 0.4500
80 0.33 10.39 10.06 20.12 100 0.0176 0.0392 0.4491
30 0.32 10.62 10.30 20.60 101 0.0178 0.0397 0.4483
45 0.31 89,79 9.48 18.96 103 0.0181 0.0381 0.4765
60 2.58 9.82 101 0.0178 0.4591

95
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. Different Head Head Q, Q, CD
3 3
(Degree) | (mm. H,0) | (mm. H;0) | (mm. H,0) | (mm. H,0) {(mm. H,0) {m’is) {m'/s)
90 0.51 10.20 9.69 19.38 102 - 0.0180 0.0385 0.4667
30 0.39 11.06 10.67 21.34 101 0.0178 0.0404 0.4404
45 0.42 10.40 8.98 19.86 100 0.0176 0.0391 0.4509
60 2.58 12.30 9.72 18.44 101 0.0178 0.0385 0.4615
20 .28 10.09 0.81 18.62 101 0.0178 0.0387 0.4503
30 0.33 11.12 10,78 21.68 0% 0.0174 0.0406 0.4293
45 0.51 10.20 8.69 19.38 102 0.0180 0.0385 0.4667
60 2.58 12.24 9.66 19.32 11 0.0178 0.0384 0.4629
_ 80 0.25 13.28 13.03 26.06 96 0.0168 0.0446 0.3788
30 0.25 13.44 13.18 26.38 96 0.0169 0.0449 0.3765
45 0.24 13.42 13.18 26.36 06 0.0169 0.0449 0.3767
80 2.58 15.68 13.10 26.20 96 (.0169 0.0448 0.3778

AL
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Read from Microtector

Read from Manometer

Complex Opening Angle Start pt. Stop pt. | Different Head Head Q, Q CD
3 3
(Degree) | (mm. H0) | (mm. H,0) | {mm. H,0) | {mm. H,0) (mm. H,0) (m'fs) (m'/s)
a0 0.25 13.44 13.19 26.38 96 0.0168 0.044¢9 0.3765
30 0.25 13.08 12.83 26.66 97 0.0171 0.0443 0.3857
45 0.25 12.03 11.78 23.56 o8 0.0173 0.0424 0.4067
60 2.58 14,73 12.15 24,30 o8 0.0173 0.0431 0.4005
80 0.44 14.09 13.65 27.30 o4 0.0166 0.0457 (1,3624
30 0.35 15.14 14.79 29.58 92 0.0162 0.0476 0.3408
45 0.47 14.37 13.90 27.80 a3 (.0164 0.0461 0.3553
60 2.59 16.42 13.83 27.66 94 0.0166 0.0460 0,3600
90 0.35 14.03 13.68 27.36 92 0.0162 0.0457 0.3543
30 0.19 14.98 14.79 29.58 90 0.0159 0.0476 0.3333
45 0.18 13.68 13.50 27.00 93 0.0164 0.0454 0.3605
B0 2.58 26.82 92 0.0162 0.0453 0.3579

16.00

13.41
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L. 1 SJ [ 2 o L3
#1379 N - 3 udssAdlsznaugtiiaiAnnmld dwmiudeadingusnsineg

guimiisi SF plusnmtieing SF gltnmihneing SF plurumdising SF
~ T '_‘\ SOV .
\) 1.1573 g 1.362 1.1366 1.2538
\ /
\\\.\\‘-‘mﬂ \-J
1.1968 \ 1.362 1.1284 1.3621
1.464 1.5206 1.1305 1.347
1.464 1.5206 1.1306 1.347
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1 2 1 lJ o -t L) i)
#nge n - 3 uaasAdulszneupliniAnnadd dududeadiapiuuusine (s)

stluuimiidng SF guluumiieing SF plwyiinsing SF flumiiadng SF

r 1.1748 1.2232 1.8833 1.5389

!

t
1.1748 1.2232 1.8833 1.5389

=

1.1304 1.32 1.3686 1.2712
1.1304 1.32 1.3686 1.2712
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Complex Opening Nurnber | Shape Factori Angle CD CD % Error
' of Windows {Degree) § from Equation § from Test
o 2 1.1573 0 0.0000 0.0000 0.0000#

2 1.1573 30 0.5180 0.5104 1.0981

2 1.15673 45 0.5268 0.5299 -0.5893

2 1.1573 80 0.5389 0.6342 0.8716

2 1.1573 S0 0.5497 0.5393 1.9351

4 1.1366 0 0.0000 6.0000 0.0000

4 1.1366 30 0.4832 0.4853 1.6213

4 1.1366 45 0.5035 0.4985 0.9958

4 1.1366 60 0.5150 0.5109 0.8042

4 1.1366 a0 0.5254 0.5210 0.8458

8 1.2538 0 0.0000 0.0000 0.0000

8 1.2538 30 0.4440 0.4437 0.0845

8 1.2538 45 0.4533 0.4528 0.1006

8 1.2538 60 0.4636 0.4603 0.7275

8 1.2538 90 0.4730 0.4663 1.4388

2 1.1968 0 0.0000 0.0000 0.0000

2 1.1968 30 0.5146 0.5097 0.9897

2 1.1968 45 0.5254 05220 | 0.6488

} 2 1.1668 60 0.5374 0.5281 1.7674

2 1.1968 80 0.5483 0.5382 1.8738

4 1.1284 0 0.0000 0.0000 0.0000

4 1.1284 30 0.4936 0.6085 -2.9232
4 1.1284 45 0.5039 05217 -3.4039
S S 4 1.1284 60 0.5155 0.5275 -2.2755
4 1.1284 90 0.5255 0.56362 -1.9200

4 1.3620 0 0.0000 0.0000 0.0000

4 1.3620 30 0.4802 0.4750 1.0935

4 1.3620 45 0.4903 0.4805 2.0273

4 1.3620 60 0.5015 0.4935 1.6221

4 1.3620 80 0.5116 0.5025 1.8171
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_ Complex Opening Number § Shape Factor] Angle cD ch % Error
of Windows (Degree) { from Equation § from Test

2 1.4640 4] 0.0000 0.C000 0.0000
2 1.4640 30 0.5126 0.5204 -1.5020
2 1.4640 45 0.5535 0.5434 1.8514
2 1.4640 60 0.5373 0.5397 -0.4440
2 1.4640 90 0.5258 0.5322 -1.2059
2 1.1308 0 0.0000 0.0080 0.000C
2 1.1306 3¢ 0.5213 0.5252 -0.7381
2 1,1305 45 0.5629 0.5550 1.4229
2 1.1305 a0 0.5465 0.5502 -0.6788
2 1.1305 S0 0.5347 0.5406 -1.0827
2 1.5206 0 0.0000 0.0000 0.0000
2 1.5206 30 0.5111 0.5148 -0.7240
2 1.5208 45 0.5518 0.5386 2.4561
2 1.5206 80 0.5357 0.5258 1.8867
2 1.5208 30 0.5242 0.5241 0.0253
4 1.8833 0 0.0000 0.0000 0.0C00
4 1.8833 30 0.4654 0.4668 -0.3071
4 1.8833 45 0.5025 0.5192 -3.2208
4 1.8833 60 0.4878 0.4963 -1.7108
4 1.8833 90 0.4773 0.4838 -1.3333
4 1.1748 0 0.0000 0.0000 0.0000
4 1.1748 30 0.4887 0.5080 -1.8283
4 1.1748 45 0.5385 0.5502 -2.1307
4 1.1748 60 0.5228 0.5328 -1.8847 §
4 1.1748 a0 0.5115 0.5164 -0.9395
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AT - 4 1 uge AP auLissnee uREATANARALAREUT ATNlSiangNng (FiR)

Complex Cpening Number  Shape Factor§ Angle Cch CcD % Error
of Windows {Degree) ¢ from Equation | from Test
4 1.2232 o ' 0.00Q0 0.0000 0.0000
4 1.2232 30 0.4965 0.4850 2.3636
4 1.2232 45 0.5361 0.5420 -1,0969
4 1.2232 [&10] 0.5204 0.5213 01714
4 1.2232 90 - 0.5092 | 0.5045 0.9409
4 1.5389 o 0.0000 0.0000 0.0000
4 1.5389 30 0.4817 0.4735 1.7262
4 1.5389 45 0.5201 0.5319 -2.2213
4 1.5389 60 0.5049 0.5128 -1.5400
4 1.5389 90 0.4941 0.4963 -0.4481
a 1.1304 0 0.0000 0.0000 § ©.0000
8 1.1304 30 0.4645 0.4634 0.2421
8 1.1304 45 0.5016 | 0.5054 -0.7587
8 1.1304 80 0.4869 0.4872 -0.0566
8 1.1304 90 0.4765 0.4803 -0.7947
8 1.3200 0 0.0000 0.0000 0.0000
8 1.3200 30 0.4494 0.4483 0.2450
B 1.3200 45 0.4852 0.4765 1.8334
8 1.3200C 60 0.47114 0.4591 2.8076
8 1.3200 90 0.4610 0.4491 2.68431
22 1.2712 4] 0.6000 0.0000 0.0000
22 1.2712 30 0.3437 0.3334 7 3.0877
22 1.2712 45 0.3711 0.3605 2.9410
22 1.2712 60 0.3603 0.3579 0.8620
22 1.2712 g0 0.3525 0.3543 -0.49586
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B4

Complex Opening Number | Shape Factori Angle CD cb % Error
of Windows {Degree} § from Equation { from Test

TR 2 | 11305 0 0.0000 0.0000 | 00000 |
2 1.1305 30 0.5168 0.5342 -3.2337 §
2 1.1305 45 0.5277 05406 | -2.3830 |
2 1.1305 60 0.5398 05576 | -3.1890 |

2 1.1305 90 0.5507 0.56725 -3.8049

2 1.5206 0 0.0000 0.0000 0.0000

2 1.5206 30 0.5033 0.5302 -5.0724

2 1.5208 45 0.5138 0.5365 -4.0512

2 1.5206 60 05258 0.5410 -2.8489

2 1.5206 80 0.5362 0.5452 ~1.6509

4 1.5389 0 0.0000 0.0000 0.0000

.4 1.5389 30 04700 0.4692 0.1670

4 1.5388 45 0.4798 0.4814 -0.3144

4 1.5389 60 0.4508 0.4928 -0.3564

4 1.5385 ) 0.5008 0.5082 -1.4651

4 1.1748 0 0.0000 0.0000 0.0000

4 1.1748 30 0.4910 0.4874 0.7357

4 1.1748 45 0.5012 0.4574 0.7713

4 1.1748 g0 0.5127 0.6086 0.8120

4 1.1748 90 0.5231 05122 2.1246

4 1.2232 0 0.0000 0.0000 0.0000

4 1.2232 30 0.4882 0.4723 3.3697

4 1.2232 45 0.4984 04889 | 1.9447

4 1.2232 60 0.5098 0.4949 3.0180

4 1.2232 90 0.5201 0.5136 1.2714
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' Complex Opening Number | Shape Factor] Angle ch cD % Error |
of Windows {Degree) § from Equation | from Test
m—— e
7 1.3470 0 0.0000 0.0000 0.0000
7 1.3470 30 0.4460 0.4404 1.2604
7 1.3470 45 0.4553 0.4508 0.8672
7 1.3470 60 0.4857 0.4615 0.9101
7 1.3470 80 0.4751 0.4667 1.8005
8 1.1304 ¢ (.0000 0.0000 (0.0000
8 1.1304 30 (1.4553 (.4689 -2.9072
8 1.1304 45 (.4648 0.4803 -3.2327
8 1.1304 60 0.4754 0.4872 -2.4158
8 1.1304 80 0.4850 0.4968 -2.3653
8 1.3200 0 0.0000 0.0000 0.0000
8 1.3200 30 0.4380 0.4379 0.0132
8 1.3200 45 0.4471 0.4456 0.3370
8 1.3200 60 0.4574 0.4500 1.6341
8 1.3200 86 0.4666 0.4518 3.2731
16 1.3686 0 0.0000 0.0000 0.0000
i 18 1.3688 30 0.3633 0.3765 ~-3.4985
' 16 1.3686 45 0.3702 0.3767 -1.5371
! 16 1.3686 60 0.3794 0.3778 0.4274
16 1.3686 g0 0.3871 0.3788 2.1848
22 1.2712 0 0.0000 - 0.0000 0.0000
22 1.2712 30 0.3371 0.3408 -1.0984
22 12712 | 45 0.3441 0.3553 | -3.1541
22 1.2712 80 0.3520 0.3600 -2.2268
22 1.2712 a0 0.3591 0.3624 -0.9133
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_Complex Opening Number Shape Factor{ Angle Cch cbh % Error
of Windows {Degree) 1 from Equation { from Test
2 13620 | O 1 00000 00000 | 0.0000
2 1.3620 30 0.5089 04850 | 4.9273
2 1.3620 45 0.5195 04943 { 5.0984
2 1.3620 60 0.5314 05149 | 3.2008
2 1.3620 90 0.5422 05213 | 4.0010
8 1.3621 0 0.0000 0.0000 | 0.0000
8 1.3621 30 0.4341 04115 | 55008
8 1,3621 45 0.4432 04217 | 5.0083
8 1.3621 80 0.4534 04287 | 5.7527
8 1.3621 90 0.4625 04325 | 6.9400
2 1.4640 0 0.0000 0.0000 | 0.0000
2 1.4640 30 0.5053 05335 § -5.2857
2 1.4640 45 0.5159 0.5400 | -4.4722
2 1.4640 60 0.5277 05508 | -4.2152
2 1.4640 90 0.5383 05547 | -2.9506
4 1.8833 0 0.0000 0.0000 § 0.0000
4 1.8833 30 0.4501 04695 | -4.1277
4 1.8833 45 0.4595 04818 | -4.6186
4 1.8833 60 0.4701 0.4870 | -3.4750 |
4 1.8833 90 0.4796 04980 | -3.6938
7 1.3470 0 0.0000 0.0000 { 0.0000
7 1.3470 30 0.4575 04203 | 65642
7 1.3470 45 0.4940 04667 | 58415
7 1.3470 60 0.4795 04629 { 3.5953
7 1.3470 90 0.4693 04593 | 2.1685
16 1.3686 0 0.0000 0.0000 | 0.0000
18 1.3686 30 0.3735 03857 | -3.1604
16 1.3686 45 0.4033 0.4067 | -0.8369
16 1.3686 60 0.3915 0.4005 | -2.2414
16 1.3686 90 0.3831 03915 { -2.1385
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9-2 dun1samnag (Regression)
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