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ﬁbstract

This thesis derives from the ratio control which is designed
from the actual system in industrial system o The principal is
measurement of signal across wild variable which the flow is controlled
and pass signal through ratio setter which will multiply the signal
by the desired ratio ,

In this design , we implement cascade control by using level
control signal as set point of flow control in order to maintain
the level of mixture in case that load is not constant . This model
can be used in real industrial work .

This control system , however , is designed for industrial
process control laboratory use , Therefore ,not only designing and
building work necessary , but data collecting and using procedure

arranging are also essential as a guideline for the study of student.
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SCHEDULE }

For Oribices and Flow Nonles
All Fittings in Same Plane
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SCHEDULE 2

For Oribices and Flow Nozxles
All Fitings in Same Plane
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Fig. 3-Plping Requirements for Orifice, Nozsels and Ventusis
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SELECTION OF PRIMARY FLOW ELEMENTS

SCHEDULE 2
For Oribces and Flow Nozzles
Fittings tn Different Planes

SCHEDULE 4
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Fittings in Diflerent Planes
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Fig. 3-Continued

DIAMETER RATIO
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TABLE §
NOMINAL PIPE SIZES AND SQUARE OF THE INTERNAL DIAMETER
PouSte, (hed  wr. D pr  PmSie ohg owa D D
1 4 Std. 1.049 1.1004 8 30 8.071 05.141
80 XH 0.057 0.9159 40 5id, 7.081 63.608
100 0.815 0.8642 60 7.813 61.043
XXH 0509 03588 80 XH 7.025 88.141
100 7430 55300
1% 40 sud. 1.380 1.904° 120 7.100 s1.082
80 xXH 1978 18313 100 6.813 40.417
180 1.160 1.3450 XXH 873 €1208
\ XXH  0.809 03023
10 20 10.130 100.74
v ] sid, 1610 25021 40 sid.  10.020 300.40
8 XH 3.300 80 XH 9.780 0S.003
160 1308 1,702 80 95064 01.470
XXH 1100 12100 100 9314 88,751
180 0.004 82,156
H 4 Sid. 2,067 42728 140 8.750 76.583
80 XH 1.839 27507 100 8.500 72350
100 1.680 28527
XXH 1509 22300 12 $id:  12.000 144.00
. ] ~ 12000. 14817
U 40 Sid. 2400 0.0900 40 11038 142.5)
80 XH 2323 5396 XH 11730 130.08
160 2125 45150 00 11.820 13516
XXH  1.TN 31364 80 11370 120.41
100 11004 13241
3 40 sid. 3.068 9.4120 120 10.750 113.63
80 XH £.900 8.4100 140 10300 11025
160 2628 6.8058 160 10.120 102.5¢
XXH 2300 52000 )
14 0 sd. 13250 17558
m 0 Sud, as48 12588 XH 12000 100.00
80 XH 3364 11316
XM 2708 142 18 20  sd 15250  gaese
, 40 XH  15b00 . 225.00
4 40 Sid. 4028 16200 60 14.688 218,74
123 XH s 1 80 14314 20409
1o v~ S Ly - 18 $1d,  173%  tose
XXH 3132 5918 17182 20522
g 30 17.138 £93.30
40 6876 284.80
s 40 Sed. 5,047 18472 ! '
80 XH 4313 23.168 20 s, )92%0 370368
120 . 561 20.821 N 307,08
LR 3 A
4003 18308 00 1830 3yIes
[} 40 sid. 0.065 20.784 [ 7} sud, 23.250 540.50
30 XK s1e1 23.169 0 2.xe 5"'1”3’
120 5501 20281 yn] 22026 B11.9¢
160 518 28,026
XXH 4807 23.081 30 2 23.750 82050
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TABLE 2’
DIFFERENTIAL RANCE CORRECTION FACTOR

Min. Static  ° Diff7] Range
Max. DI} Pressuret Correction
{1a. H,O, Dry) Recommended Factor

25248 0n, HiO ga. 0342
4.019¢ Sin, HeO ga. 0,430
8.000 7 . MO ga. 0.480
6.370° 10 in. HeO ga. 0542
10.000 20 (n. H1O gs. 0.679
10.009¢ 20 in. HsO ga. 0.682
16.000 35 in. HsO ga. 0.858
20.000 2 paig 0.960
21722 2 paig . 1.000
23000 » 10psig 1070
13200 10 paig 1.080
U9 10 psig 1.260
30.000 20 psig 1.520
S4sa2 25 paig 1.580
s1210 33 peig 1.620
20.479 45 paig 2.000
100.00 60 psig © 2150
12873 00 psig 2.4%0
131.08 70 psig 2510
200.00 100 psig 3.030
119 100 peig 2100
28 50 100 paig 3.230
300.00 140 paig 3.720
348 150 palg . 3.080
00 180 paig 4.200
:002-00 220 psig 4.800
00 260 peig 5280
700.00 300 psig 5.080
20000 M0 psig 6.070
$00.00 380 piig 8.440
1000.00 420 psig 6.790

'n-mm-w'ullyundmgulovlonly.

108 2 or vapor flows, the diffcrential In Inches H O

‘-H 0t gxcoed the absolute static prewsure in peia,

1 pdg. the differantial should mot exceed 17 in.
'40(154-: peig).

Movs—Fer ary differontial mot specificd i the table, the
difcrential range correction factor oqual

02148 VDI T Inches Water (dry)

Yor caample, If the desired difficrentla! is 0-150°
“l°(dry).thehua-oam V5D or 2.63.
For conversion purposes, inches of water under
wier X 1070 = hchuol\nlu(dry)

TABLE 6

MAXIMUM DIFFERENTIAL DATA
«~INCHES OF WATER DRY
The table below lists the maximum differential A o
tnches of water (dry) and the factor F,, which s equal
to the square root of A.

Maximum Mazimum
Differential Dilfervntial
{Inches of Factor  {Inches of Factor
WaletADry) Fin Wnlet)'Dry) Fym
2536 15925 100.00 10.000
4.019 20067 12873 Ny |
8.000 » 22361 137.05 1701
6.370 25239 150.00 12847
10.000 3.1622 400.00 14.142 ll
10,000 a1 217.23 14730
18.000 4.0000 225.86 15.128
20,000 - - 4.4721 250.00 15.811
21,722 4.0607 300.00 17921
.. 25.000 5.0000 M2 18554
25.360 5.0350 400,00 20.000
429 5.8076 $00.00 22961
50,000 70711 600.00 24.498
54562 7868 »  700.00 20.458
57121 7.5640 B00.00 28.284
88.479 02004 $00.00 30.000
1000.00 31623
TABLE 10

TEMPERATURE AND SPECIFIC CRAVITY
CORRECTION FACTORS FOR LIQUIDS

SP.CR. OPERATING TEMPERATURE in * F,
at80°F @0 100 200 300 400 500

050 1414 1384 ..o cier eene gens
0.00 1201 1200 LITR 0972 .... ....
0.70 1185 1.180 1137 1.002 1.028. 0.8579
0580 1.118 1.J08 1079 1.0490 1.017 0.085
000 1.05¢ 1.040 1S 1.004 0081 0939
1.00 1,000 0994 0975 0957 0930 0010
110 09353 0047 0032 0016 0900 0.884
120 0913 0007 080¢ 0.880 0.306 0.852

Notz~For specific gravity and operating temperatures not
listed, the correction factor equals:
whers C, = 5.C. lOO'Fde =~ §.C.
‘/G'(\! c') at cpaf('uu mnp::mm. '
\

<
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ORIFICE CALCULATION FOR UIQUID FLOW

TABLE 14 (Continued)

Specibe Specifo
Crnytty ) Cravity ?,, Fo
0 0.09499 1.0101 120 1.0055 0.83133
91 0.09549 1.0001 121 1.1000 Q.82645
o 0.00599 ;.OOBI {.22 Hgﬁ . 8.::%‘1
903 0.00649 0071 23 . .
04 0.99700 1.0000 1.24 11136 0.80645
99750 1.0050 128 11180 0.80000
ﬁ g.gg'aoo 1.0040 120 1.1225 0.78265
507 0.99850 1.0030 197 1.1209 0.76740
08 0.59900 1.0020 128 11314 0.78125
09 0.99950 1.0010 120 11258 0.77519 »
1.30 11402 0.76023
}ﬂ? } ooamo (l,jmm 131 1.1448 0.76338
1.08 1,0100 0.08020 132 1.1489 0.75758
P 133 1.1533 0.75188
103 0149 0.07087 ! Py
1.0¢ 1.0108 0.08154 1.4 <1578 .
T gme e W nm o
1.00 1.0208 0.94340 hee 11108 0.72993
1.07 1.0344 0.93458 .
1.8 11747 0.72464
1.08 . 1.0302 0.02593 e 11790 011942
1.00 1.0440 0.01743 : g
1.40 11832 071420
110 1.0488 0.90000 141 1.1874 0.70022
111 1.08068 0.90090 1.42 11816 0.70423
112 1.0583 - 0.59288 1.0 1.1058 0.69930
113 1.0630 0.884968 144 1.2000 009444
1.4 1.0877 0.87719 s \ 068606
118" 1.0734 0.88057 1.48 1.2083 0.88493
118 10770 080307 147 13818¢ 0.68027
117 1.0817 0.85470 - 148 12100 0.67508
118 1.0883 0.84748 1.40 12207 0.67114
110 1.0000 084004 150 12247 0.80807
YASLE V2 \
CONVERSION FACTORS FOR VOLUMETRIC
'FLOW UNITS
) - Value of Constant
Flow Units

PerMin.  Per Hour Per Dsy

Imperial Callons  4.7222 233.23 o190.9

42 Cal, Barrels 0.13450 8.0979 19438
50 Cal. Barrels 0.11337 0.8022 JLEE
Cubie F 0.75778 45.407 10013
Liters * 21.459 ° 12875 30.900

Cubic Msters 0.021450 1.2878 30.900
These valuas are used tn place of 340,11 in Eq. 15, pg. 31,

. . et e m——



Design CE

Equal Percentage Valve Plug

Flow Coefficients

Flow Up

For additional Information

aee Bultetin 81, 1:CE

Equal Percentage
FlOW Up Characteristic
Port Maximum Valve Opening, Percent of A Travel Kt
ticlent, O Travel, and
Costliclents inches ln:hn 70 80 00 | 100 | ¢
172 374 501 216 4171 460 [ 80
¥4 V4 1,42 8.48 931 | 965 | 80
3/4 4 1.54 6.12 884 | 100} 98
1178 3/4 1.04 118 228 | 252 | 80
Y172 11/8 4.07 238 87| 467 | 78
2172 11722 13.8 588 913 | 110 | 716
31/4 2 215 110 et | 179 | 23
V2,34, 1,812 [ 318 3 1% ] V22| Vel | AR
378 374 119 251 310 .69
C, /8 3/4 1.31 264 | 334 | 87
(Liquic) 12 (2 224 438 | 537 | 00
3/ 3/4 278 | 350 | @0
/: a4 479 | 583 | 84
3/ /4 278 | 350 [ 80
/ Y4 4713 891 | 88
3/4 34 112 122 79
2 7] /4 ) 07| 120 .79
-1/8 3/4 y 227 | 256 | .78
3 72 | 178 T 1 384 | 418 | 81
4 2172 1-172 415 33 107 | 17 [ 74
172 /2 7} 14 8015 131 | 147 1313
34 ot 34 20, 91, 37 | 328 | 343
1 /4 3/4 28, 10 348 | 397 | 364
1172 1-1/8 /4 4 | 21, 177 699 | 842 | 334
2 1-172 11/8 | 385 | 500 343 1230 | 1490 | 326
3 2172 172 [ 818 121 1010 2920 | 3736 | 340
4 31/4 2 108 | 204 2330 4970 | 5020 | 334
18 4 218 | 2.9 [XH) 129 | 191 | 288
12.34,1,8 12 1/4 374 1.03 | 240 127 372 | s03]3ve
T Y 4.79 258 778 103 | 332
[ a/a 3/4 4.95 269 7 s 4
(Gdy 2 34 |aos 488 141 | 189 | 352
34 4.85 26.7 | 38. 4| 11a | 326
172 /4 10.8 54.8 | 75. 151 | 198 | 3522
8 3/4 4.85 267 | 38 844 | 114 | 326
1/2 /4 6.99 814 | 72, 148 | 197 | 33
, 4 /4 15.8 1] 355 | 433 | 35
4 J. 110 831 328 | 410
. . 1178 3 113 i | ¥ 734 34
1172 v1/8 | 163 305 | 71 1440 | 1 351
2-172 112 | 574 298 | 1770 3580 | 4160 | 358
72 3/4 A7 258 | 153 655 | 735 | 313
. 4 34 850 485 | 934 159 | 185 | 3411
3/4 34 820 550 | 875 175 | 190 | 364
141/8 4 820 885 | 154 350 | €21 | 333
2 | evim | 173 17.2 | 330 615 | 744 | 328
2172 112 | 258 504 | 86, 146 | 107 | 3%0-
3174 2 §30 117 | 157 249 | 206 | 331
. 3/16 /4 308 | 292 645 | 855 | 288
V2,34, 1,812 | VY a4 096 834 | 843 1.88 | 252 | 316
c /8 3/4 240 84 389 | 815 | 332
38 4 24 . 428 | 6.75 | 344
(Stedmy 172 34 30 . 707 | @45 2
NE 3/4 24 1. 422 | 570 | 326
12 3/4 540 273 767 | 8.00 | 352
4
Ve 4 ETH) 1.33 422 | 570 | 32,
12 Y 50 287 743 | 88913
4 ) 90 5.60 ey 2|8
/4 3/4 880 4.08 184 | 2081 34
1-1/8 /4 £6s 0,05 387 | 442 | 34
172 1-1/8 | 0.81 6.7 722 | 840 | 351
24172 1172 | 287 9.9 178 | 208 | 356
1 vucmuuunmvm-hmc‘mnnm vohme iy the Cy and Cy
LowHireaty st 100% Lavel
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