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ABSTRACT

The main objective of this research is to design and develop the geometry of the aerator’s
hollow stirrer to achieve the higher efficient aeration by means of comparative test. The design
concept utilized the difference between the pressure at back of the stirrer and the atmospheric
pressure which causes air flow into the water, lead to the occurring of bubbles and the dissolving of
oxygen into the water. Furthermore, the compensated pressure at the back of the stirrer blade causes
the lower pressure difference over the stirrer blade, hence lower power needed in order to drive the
stirrer. In this study, the various types of the hollow stirrer were tested in order compare the overall
mass transfer of oxygen and the aeration efficiencies. The experiments were set at the speed of 1300,
1375, 1450, 1525 and 1600 rpm, 0.57 meters from free surface and volume 46 liters. The water
temperature was controlled at 28-32 °c. Moreover, the occurring of the vortex at water surface was
eliminated using buffer plates. The overall mass transfer of oxygen maximum is 101.114 hr at 1300
rpm of N-233. The aeration etficiency maximum is 1.306 kg Ozmslkw at 1600 rpm of N-233

Test results revealed that the overall mass transfer of oxygen and the aeration efficiency
depend on the stirrer speed. Higher stirrer speed provides higher overall mass transfer of oxygen.

However, the lower aeration efficiency according to the more power needed to drive the motor.
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Details of the blade

3UM 2.2 jinsevesluwaunuWuG v (Flat Rotors)

MINN 21 uansvnaginssesluwauuuuHuE sU(Flat Rotors)

Rotor a (mm) b (mm) ¢ (mm)
Flat 1 8 70 20
Flat 2 8 50 20
Flat 3 3 35 35
Flat 4 3 50 35
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qUn 2.5 uaaszinsaluia Conrad

TuWanuy Kinetic 1 iumssenuuuildpumadimisesnmiiouiy Germant #
Ad e luwadiu 4 daanalugii 2.6
Tuanuy Kinetic 2 iWlumssonuuuildumadimaseniiuandrennluiasu
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i Side view
Side view
= w § = @ L 7
3Un 2.6 vamavaluwa Kinetic 1 B, =21 31U 2.7 waasvwaluna Kinetic 2 B, =26
=t s a ar . »
M1314N 2.2 ﬁ?ﬂ?‘l aﬂmmwmsna‘lumiaﬂmmnchmﬂ Kinetic 3
Design steps Results
1. Height of thrown water 0.5m
2. Flow of water thrown by aerator 0.009 m’/s
3n 1500 rpm
4. ng (specific speed) 12.360
5. Amount of paddles 3
6. Exat angle £ 2757 =83 > 15°
7. Exit angle for the tests pr =25°
8. Approximate speed constant, K, (Stepanoff, 1993) Ky,=22
9. Approximate value of D; D =009m
10. Correct of value D; Dy =0.094m
11. Head coefficient ¢ (Stepanoff. 1993) Y = 0.098
12. K, K,=226
13. Inlet angle £ and velocities (by drawing Euler’s velocity triangle) B ~11°
14. P/k ratio: theoretical power/constant power of the pump P=291W

31 2.8 jnsaluia Kinetic 3
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Side view of the blade

31 2.9 uaasvualune Kinetic 3
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Maai 2.3 agtluinaginssluiavesaniseiinum
Type of Inlet angle (7), exat angle (o) Width and length Number of Total diameter
rotor of paddle (mm) paddles (mm)
Flat 1 i = o (tested angles: 30°, 457, 60°, 70°) 20.70 166
Flat 2 i = o (tested angles: 307, 457 60°. 70°) 20, 50 3 126
Flat 3 i = o (tested angles: 30°, 457, 60°. 70°) 33,35 3 92
Flat 4 i = o (tested angles: 307, 457, 607, 707) 35.50 3 120
Germanl  i=21";0= 36" = 3 90
German2 i=24".0=74° = 3 87
Conrad i=25%0=12° - 3 104
Kinetic 1 i=210=35" - 4 118
Kinetic 2 i=26°0=42° — E 117
Kinetic 3 i=11° 0=25° 35,35 3 94 ()
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= 1.805 kg O, / kWh ) uazmseenuunluna “Conrad” Tasldussiagiudu vuieduru
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M319n 2.4 anldsnmanaassvealuwaduau 23 luwa

Kind of rotor Angle (°) % Immersion kpa(h™!) Temperature rpm  Power (W) Q/P(m’/sW)

69

Flat 1** 60 58 1.6299 174 930 108 12:925
Flat 1* 45 62 21721 194 1670 109.8 17.9
Flat 2 45 164 2.7854 204 1110 79.04 20.769
Flat 3 45 124 1.9919 19.6 1900  51.03 21.037
Flat 3 45 152 2.6088 199 1880 5856 23.604
Flat3 60 140 2.4225 199 1850 6534 20.439
Flat 3 70 109 2.445 19.6 1820 77.19 25.072
Flat 4 30 172 2.3019 18.6 1820 7134 21.113
Flat4 30 228 2.5989 18.6 1780 854 32122
Flat4 45 124 2.846 15.7 1760  87.12 21.067
Flat 4 45 152 33734 218 1630 10935 25950
Flat 4** 60 77 1.7375 16.2 1720 792 47512
Flat 4* 60 110 2.5032 217 1610 1248 19.253
Kinetic 1 21% 35¥ 69 1.3483 225 1910 5324 22.204
Kinetic 1 219357 96 1.863 19.9 1870  68.32 31.572
Kinetic 1 21°,35° 119 2.7513 19.8 1810 7744 N/A
Kinetic 2 26°, 42° 68 1.8256 19.8 1860 7047 17.491
Kinetic 2 26°, 42° 94 2.7291 19.7 1800  87.84 23.748
Kinetic 2 26°.42° 233 2.6438 19.5 1750 104.06 40.121
Kinetic 3 112,257 92 1.6721 225 2020 246 38.477
Conrad 25°.12¢ 238 3918 17.9 1720 936 75.61
German 1 217,36 235 3.1472 17.9 1670 1104 76.11
German 2 24° 74° 174 3.5138 179 1680 888 79.70

M31an 2.5 waasmilszansnmvealuianldlunmsnaaeay

Kind of rotor Angle (°) Immersion (%) kpajp (h™!) OTRjp (g/m*h) Q/P (m’/skW) AE;o (kg’kWh) AE,g (kg/kWh)

Flat 1** 60 58 1.268 15.440 0.012925 0.525 0.535
Flat 1* 45 62 1.738 19.622 0.0179 0.679 0.693
Flat 2 45 164 2177 24.573 0.020769 1.181 1.206
Flat 3 45 124 1.586 17.909 0021037 1.299 1.326
Flat 3 45 152 2.063 2329 0.023604 1.511 1.542
Flat 3 60 140 1916 21.627 0.020439 1.324 1.351
Flat 3 70 109 1.547 21.983 0.025072 0.940 0.959
Flat 4 30 172 1.877 21.193 0.021113 1.129 1.152
Flat 4 30 228 2119 23928 0.032122 1.065 1.087
Flat 4 45 124 217 24.504 0.021067 1.041 1.062
Flat 4 45 152 2:33 28.789 0.025950 1.027 1.048
Flat 4** 60 77 15 16.934 0.047512 0.791 0.807
Flat 4* 60 110 1.897 21413 0.019253 0.669 0.683
Kinetic 1 21°,35° 69 1.002 11.317 0.022204 0.840 0.857
Kinetic 1 21°. 357 96 1.473 16.632 0.031572 0974 0994
Kinetic 1 21°,38¢° 119 2.181 24.62 N/A 1.208 1.233
Kinetic 2 26°. 42° 68 1.447 16.337 0.017491 0.881 0.899
Kinetic 2 26°, 42° 94 2.168 2448 0.023748 1.059 1.081
Kinetic 2 26°, 42° 233 211 23.827 0.040121 0.87 0.888
Kinetic 3 11°,25° 92 124 14.035 0.038477 1.769 1.805
Conrad 257 12° 238 3.249 36.677 0.07561 1.450 1.480
German 1 219 360 235 2.609 29.461 0.07611 0.987 1.008

German 2 240, 740 174 2913 32.893 0.07970 1371 1.399
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equivalent bubble diameter d,,
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- yuaduriuguinavesesoimaluni d,, <0.068 mm (Falvey, 1980)

2df,,g( pa]
T QT I-==
9 ¥ Pu

(2.1)

i
- ynaduruguinaavelese1maluiii 0.068 mm < d,, <0.80 mm (Comolet, 1979)

u, =L dn8(y_Pu
18 o,

- yuaduRIguEna1ve e InIAluii 0.80 mm < d,, < 10mm  (Kobus, 1991).

Comolet (1979)

g,

u,, =‘/0.52gd,m +2.14
pwdbu

-ywnaduruguinatsveanesemalunii d,, = 10mm (Falvey,1980)

Up, =4/ gd,,

(2.2)

(23)
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wilsulasunaninvesilszan Centrifugal

Single Stage

Multistage
Centrifugal | | Molular

(Radial Flow) Horizontal Split

Barrel

Dynamic Inicrcooled

Types

Multistage
Multistage With
Variable Stator
Valves

— Axial Flow [

WwinsdRoIme
1%, }4

wisathoime Two-Lobe
Three-Lobe
Screw (uws)
Screw (fihuuy)
Vane
Liquid-Ring

— Rotary T}

Pasitive
L] Displacement
Types

Air Cooled

Water Cooled

Single-Stage

Multistage

Integral Gas Engine Driven
Scparate Gas Engine Driven

L Reciprocating [
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3.3.1 ANABINITBBNTIOH (Oxygen Demand)
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M31993.2 anududududlvesesngauluiihmeldanuduiussoine

Chloride Concentration in Water -mg/| Difference
Temperature per 100 mg
°c 0 | 5000 | 10000 | 15000 | 20000 Chloride
Dissolved Oxygen -mg/l
0 14.6 13.8 13.0 12.1 11.3 0.017
1 14.2 134 12.6 11.8 11.0 0.016
2 13.8 13.1 12.3 1.5 10.8 0.015
3 135 127 12.0 1.2 10.5 0.015
4 13.1 12.4 1.7 11.0 103 0.014
5 12.8 121 11.4 10.7 10.0 0.014
6 12.5 1.8 1.1 105 98 0.014
7 12.2 115 10.9 10.2 9.6 0.013
8 11.9 1.2 10.6 10.0 9.4 0.013
9 11.6 11.0 10.4 9.8 9.2 0.012
10 1.3 10.7 10.1 96 9.0 0.012
11 11.1 10.5 9.9 9.4 838 0.011
12 10.8 10.3 9.7 9.2 8.6 0.011
13 106 10.1 95 9.0 8.5 0.011
14 10.4 9.9 9.3 838 83 0.010
15 10.2 9.7 9.1 86 8.1 0.010
16 10.0 9.5 9.0 85 8.0 0.010
17 9.7 9.3 8.8 83 7.8 0.010
18 9.5 9.1 8.6 8.2 7 0.009
19 9.4 8.9 8.5 8.0 76 0.009
20 9.2 87 8.3 7.9 7.4 0.009
21 9.0 86 8.1 7.7 7.3 0.009
22 8.8 8.4 8.0 76 74 0.008
23 8.7 83 7.9 74 7.0 0.008
24 8.5 8.1 7.7 7.3 6.9 0.008
25 8.4 8.0 76 7.2 6.7 0.008
26 8.2 78 7.4 7.0 6.6 0.008
27 8.1 Ty 13 6.9 6.5 0.008
28 7.9 75 7:1 6.8 6.4 0.008
29 7.8 74 7.0 6.6 6.3 0.008
30 76 73 6.9 6.5 6.1 0.008
31 7.5
32 7.4
33 73
34 7.2
35 Tt
36 7.0
37 6.9
38 6.8
39 6.7
40 6.6
41 6.5
42 6.4
43 6.3
44 6.2
45 6.1
46 6.0
47 5.9
48 5.8
49 St
50 5.6
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4.5 0.226 -1.487
5 0.146 -1.923
5.5 0.106 -2.243
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13190 5.4 vamsnaasavelszaninmmSeuiisuginsdlunadienlaounnuiisey

s";agﬂmﬂuﬁ'ﬂ A52581 rpm KLy kL o Power(w) AE,,
1300 21.047 26.681 27.531 0.405

1375 29.072 37.982 43.156 0.368

N-111 1450 37.097 47.026 54.431 0.361
1525 42.072 55.015 65.000 0.354

1600 47.047 59.640 70.231 0.355

1300 23.193 29.401 26.780 0.459

1375 31.062 40.334 41.813 0.403

N-112 1450 38.931 49.351 52.346 0.394
1525 43.350 58.983 63.123 0.391

1600 47.769 60.555 67.592 0.375

1300 24.398 30.929 25.369 0.510

1375 32.033 40.607 38.467 0.441

N-113 1450 39.668 50.285 50.235 0.419
1525 44.122 55.931 59.789 0.391

1600 48.576 61.577 66.984 0.384

1300 32.987 41.816 26.231 0.667

1375 38.772 49.150 40.397 0.509

N-121 1450 44.558 56.484 50.213 0.470
1525 45.960 58.261 62.375 0.391

1600 47.361 60.038 70.156 0.358

1300 36.890 46.763 24.269 0.806

1375 43.589 55.255 38.500 0.600

N-122 1450 50.288 63.747 50.213 0.531
1525 54.638 69.262 59.239 0.489

1600 58.988 74.776 65.897 0.474

1300 44.971 57.007 23.156 1.029

1375 50.644 64.199 33.280 0.807

N-123 1450 56.317 71.390 45.263 0.660
1525 59.815 75.825 55.379 0.573

1600 63.314 80.260 65.210 0.515
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FogUnseluia | arwidasen mpm kL, KL, Power(w) AE,,
1300 37.088 47.015 26.000 0.756

1375 42.366 53.706 38.778 0.579

N-131 1450 47.645 60.397 47.056 0.537
1525 49.875 63.224 59.847 0.442

1600 52.105 66.051 68.213 0.405

1300 37.801 51.234 23.124 0.926

1375 46.716 59.845 36.446 0.687

N-132 1450 55.631 68.456 45.268 0.632
1525 59.079 73.859 55.789 0.554

1600 62.527 79.262 63.214 0.524

1300 48.544 61.537 22.356 1.151

1375 53.479 67.792 34.056 0.832

N-133 1450 58.413 74.047 41.256 0.750
1525 61.894 78.460 53.785 0.610

1600 65.374 82.872 61.235 0.566

1300 23.566 29.873 30.120 0.415

1375 33.916 42.993 43.701 0411

N-211 1450 44.266 56.113 57.212 0.410
1525 51.556 65.354 68.547 0.399

1600 58.845 74.595 80.123 0.389

1300 24.937 31.612 28.362 0.466

1375 35.713 47.124 42.409 0.465

N-212 1450 46.489 58.931 54.000 0.456
1525 52.818 66.955 66.090 0.424

1600 59.148 74.979 74.812 0.419

1300 26.775 33.941 27.236 0.521

1375 37.135 47.074 41.457 0.475

N-213 1450 47.495 60.207 53.253 0.473
1525 55.985 70.969 65.205 0.455

1600 64.475 81.731 74.687 0.458
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%a;ﬂmﬂuﬁ'ﬂ ANUTITOY rpm KL KL, Power(w) AE,,
1300 38.037 48.218 29.851 0.675

1375 46.957 59.525 42.476 0.586

N-221 1450 55.877 70.833 52.600 0.563
1525 59.838 75.853 64.626 0.491

1600 63.798 80.873 74.256 0.455

1300 44.026 55.809 27.600 0.846

1375 56.274 71.336 40.594 0.735

N-222 1450 68.523 86.863 53.371 0.681
1525 77.764 98.577 63.982 0.644

1600 87.005 110.292 74.210 0.621

1300 57.207 72.518 26.000 1.166

1375 69.439 88.024 39.028 0.943

N-223 1450 81.671 103.531 49.660 0.872
1525 89.332 113.241 62.186 0.761

1600 96.992 122.952 72.347 0.711

1300 43.601 55.271 28.523 0.810

1375 57.321 72.662 41.694 0.729

N-231 1450 71.040 90.054 52.364 0.719
1525 80.214 101.684 64.030 0.664

1600 89.389 113.314 73.256 0.647

1300 46.469 58.907 26.023 0.947

1375 62.043 78.649 39.459 0.833

N-232 1450 77.617 98.392 50.321 0.818
1525 85.484 108.364 62.481 0.725

1600 93.350 118.335 72.140 0.686

1300 62.971 79.825 25.560 1.306

1375 74.888 94.932 37.012 1.073

N-233 1450 86.806 110.039 45.948 1.001
1525 93.960 119.108 58.337 0.854

1600 101.114 128.177 68.256 0.785
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Quantity Symbol Dimension

Aeration efficiency at 20 °C (kg O,/kWh) AE i
Rotor diameter (m) Dr L
Pipe diameter (m) Dp L

Water density (kg/m") P ML

Water viscosity (kg/(m s)) 7, M/LT
Revolutions per time unit of the motor N L'
Immersion depth (m) H L
Total area ( %(diamerer of hole)? x number of hole ) A L’
Overall mass transfer cocfﬁcient(h'l) kL I
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Abstract

This research was the study to the effect of the geometry
of hollow stirrers on aeration into water by designing the hollow
stirrers of aerator were generated air flow rate then pass it into
water. Consequently, produced bubbles, which oxygen dissolved
with the water. This case study has been used two geometry of
Hollow Stirrers, back pressure and back pressure combine
centrifugal of Hollow Stirrers. During test can be varied revolution
and immersion three levels of hollow stirrers. The geometry of
hollow stirrers has its minimum revolution as well. Moreover, the
water has been control temperature about 30 °C and the water
surface is not occurred of vortex. The result show to aeration
efficiency and flow rate of air with obtain from geometry of hollow
stirrers. when the flow rate is boosted up, it is necessary to
spend more energy. High flow rate, on the other hand, probably
not effect to aeration efficiency, also, has a variety of variable
such as bubble size, pattern flow of water, shape of tank, and
many more which would be considered. This result study will
develop the hollow stirrers for high aeration efficiency.
Keywords : Hollow stirrers, Aeration, Dissolved oxygen
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Fluid Mechanics/Ch4

From Wikibooks, the open-content textbooks collection

Dimensionless analysis is just as it sounds, the analysis of fundamental units of dimensions: mass,
length, and time; usually abbreviated as MLT for short. It is a a mathematical technique used to
predict physical parameters that influence the flow in fluid mechanics, heat transfer in
thermodynamics, and so forth. It is helpful in experimental work because it provides a guide to
factors that significantly affect the phenomena.

Dimensionless analysis is commonly used to determine the relationships between several variables,
i.e. to find the force as a function of other variables when an exact functional relationship is
unknown. Based on understanding of the problem, we assume a certain functional form.

Units/Dimensions

The defined units are based on the modern MLT system: mass, length, time. All other quantities can
be express in terms of these basic units.

For example,
velocity n/s - L/T
acceleration m/s? - L/T?

force kgm/s? - ML/T?

Where L/T, L/T2, ML/T?, etc. are referred to as the derived units.

Another system for dimensionless analysis is the FLT system, the force, length, time system. In this
case, mass = F/a, which makes the units of mass as FT?/L, since acceleration has units of L/T2.

Rayleigh Method

An elementary method for finding a functional relationship with respect to a parameter in interest is
the Rayleigh Method, and will be illustrated with an example, using the ML T system.

Say that we are interested in the drag, D, which is a force, on a ship. What exactly is the drag a
function of? These variables need to be chosen correctly, though selection of such variables depends
largely on one's experience in the topic. It is known that drag depends on

Quantaty S ol Dimension
Size 1 L
Viscosity u m/LT
Density P m/L?
Velocity v L/T
Gravity g L/T?

This means that D = f{1,p,u¥,g} where fis some function.

With the Rayleigh Method, we assume that D=CFp?V9g, where C is a dimensionless constant,
and a,b,c,d, and e are exponents, whose values are not yet known.



Note that the dimensions of the left side, force, must equal those on the right side. Here, we use only
the three independent dimensions for the variables on the right side: M, L, and T.

Step 1: Setting up the equation

Write the equation in terms of dimensions only, ie. replace the quantities with their respective units.
The equation then becomes

- (5) (z) (7) (7)

On the left side, we have M'L'T?, which is equal to the dimensions on the right side. Therefore, the
exponents of the right side must be such that the units are ML 'T"2

Step 2: Solving for the exponents

Equate the exponents to each other in terms of their respective fundamental units:

M: 1 =Db +c since M' = MPM®
L: 1l=a-3b-c+d+e since L' = LAL"3PL-cpdpe
T: =2 = -¢ - d - 2e since T2 = -fr-dr-2e

It is seen that there are three equations, but 5 unknown variables. This means that a complete
solution cannot be obtained. Thus, we choose to solve a, b, and 4 in terms of ¢ and e. These choices
are based on experience. Therefore,

From M: b=1-c¢ (1)
From T: d=2-¢c- 2e (i1)
From L: a=1+3b+c-d-e (14i)

Solving (1), (ii), and (iii) simultaneously, we obtain

a=2-c+e

Substituting the exponents back into the original equation, we obtain

D = Clz&e-cpl -cucvl-c-lcgt

Collecting like exponents together,

v\~ L-'zp)“
D=0 i o 122
(ig) ( K p
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Which means

p = c121% -cpp-cucvilv—cv-hqn

For the different exponents,
Terms with exponent of 1: Cp
Terms with exponent of 2: 132

e 72\ —¢
Terms with exponent of e: 1%v2eg® (—l—g) = (L) iv)
V2 lg

lpV\~*
Terms with exponent of c: 17%p™nVE - ( (v)
H

The right sides of (iv) and (v) are known as the dimensionless groups.
Step 3: Determining the dimensionless groups

Note that e and ¢ are unknown. Consider the following cases:

‘/’2

V2
If e = -1 then (iv} becomes —
lg

Ifc=1 then (v) becomes —H--;
lpV

Ifc=-1 then (v) becomes (lp‘{ ) = (&)
7 v

Where v is the kinematic viscosity of the fluid.

If e = 1 then (iv) becaomes i

And so on for different exponents. It turns out that:

Vi
Reynolds Number = P Nr=Re
vyt oy
Froude Number = | — | =——= = Ng=Fr
( lg ) Vig "

Where Ny or Re and N or Fr are the usual notations for the Reynolds and Froude Numbers
respectively. Such dimensionless groups keep re-occuring thronghout Fluid Mechanics and other
fields.
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Choosing exponents of -/ for ¢ and -% for e, which result in the Reynolds and Froude Numbers
respectively, we obtain

D = g(Fr, Re)pllv?
Where g(Fr, Re) is a dimensionless function

This can also be written as

D

W = g(Fr, Re)

Which is a dimensionless quantity, and a function of only 2 variables instead of 5. This
dimensionless quantity turns out to be the drag coefficient, C,.

D

Cp=——
RS

Notes

The Rayleigh Method has limitations because of the premise that an exponential relationship exists
between the variables.

The Buckingham w Theorem/Method

This method will be illustrated by the same example as that for Rayleigh Method, the drag on a ship.

Say that we have » number of quantities (e.g. 6 quantities, which are D./p.u,V, and g) and m number
of dimensions (e.g. 3 dimensions, which are M, L, and 7). These quantities can be reduced to (n - m)
independent dimensionless groups, such as Re and Fr.

Say that

Ay = £(Ay Az, Ay -n , A

where 4 are quantities such as drag, length, and so forth, as mentioned under the n number of
quantities, and f implies the functional relationship between 4, and the other quantities.

Then re-arranging, we obtain

0 = £y, By Rgo wve o ) = Ky @ LNy, Bov Byo Bgs woe w K

Which can be further reduced, using the Buckingham n Theorem, to obtain
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0= f(my, myo «ov , my )

Forming = Groups

For each n group, take m of the quantities, 4 , known as m repeating variables, and one of the other
remaining variables. Note that experience dictates which quantities make the best repeating
variables.

The x groups, in general form, would then be

m, = A%1a 14T,
- A %A YoA 7
n, = AT2A72A,2A,

o

- * ¥, ¥
LA Ai n-mA n-m'a3 n-M"

which are all dimensionless quantities.
Step 1: Setup = groups
For the MLT System, m = 3, so choose 4 ;oA and 4 388 the repeating variables.

Using the Buckingham & Theorem on the Drag Equation:

£, 1, p, p, V, g) =0

Where m = 3, n = 6, so there will be n - m = 3 & groups.

We will select p, V, and [ as the repeating variables (RV), leaving the remaining quantities as D, u,
and g. Note that if the analysis does not work out, we could always go back and repeat using new
RVs. Thus,

n, = p 111710
m, = p*av¥21%ap
n, - p*3v¥31%3g

Which are all dimensionless quantities, i.e. having units of M?L07?

Step 2: Determine n groups

For the first & group,
o MOFOTO _ ﬂ_"r)n(é)w z:(ﬁ)
» ML= () (7)) @ (3

Expanding and collecting like units, we can solve for the exponents:



For M: 0 =x, +1 0x) =-1
T 0 = -y, -2 Oy, =--2
L: D ==3x, + y, + 2, +1 Oz =3(-1) = [=2) -1 =-2

Therefore, we find that the exponents x ;, ¥, and z; are -1, -2, and -2 respectively. This means that
the first dimensionless z group, m,, is

D
n, = pv217%p =
pV2[2
For the second x group,
My * rLN\? M
- ()" () (2)
= M ) \t) W17
Solving for the exponents,
For M: X +1=0 Ox; =-1
T: -y, - 1 =0 Oy, =-1
L: *3x1*y24z2—l-0 Dzz-l-l~l)+3[-ll-—1
Thus,
—-1y,-1;-1 H v
= V = = —
m=p Cr= i

However, we will now invert x, so that

Vi

Ry=— = Reynolds Number

1

It is permissible to exponentiate any # group, e.g. n' !, 7%, 2%, etc., to form a new group, as this does

not alter the functional form.
For the third n group,
MN*  L\® L
3 0 il - 2z el
s e -(g) (7) @ ()

Solving for the exponents,



For M: Xy =0 Oxy =0
< ¥y - 2=0 Oy, -~-2
L: “3xy + ¥yt Z3+ 1 =0 DOzyg=-1-(-2) =1
Thus,

w3 = p'V g = %]

Raising it to the power of -%,

i = L = Froude Number

T3 \/5

Thus, the three 7 groups can be written together as

f (PZTDVE,RE,FT‘) =0
Finally,
D
;Eii?i ==‘f(126,1?r)

Note that this is the same result as obtained with the Rayleigh Method, but with the Buckingham =
Method, we did not have to assume a functional dependence.

Common © Groups

Using the Buckingham x Theorem, we will now examine the 7 groups which appear most frequently
in fluid dynamics. Most fluid flow situations depend on the following quantities:

length

diameter

surface roughness

velocity of flow

density of fluid

pressure drop

gravity

absolute/dynamic viscosity
surface tension

or E Compressibility/Bulk Modulus

hotﬂ%hchbh-

There are 10 quantities, n = 10, and 3 dimensions, m = 3, so this givesn-m = 7n groups. Choosing
¥, p, and ! as the repeating variables, performing the Buckingham = analysis, and using different
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exponents for some 7 groups, we obtain the following « groups, which are common in the study of

Fluid Mechanics:
Wy = % = Pressure Coefficient = Cp
|%
Ty = ——= = Froude Number = Fr
R
Ty = W Reynolds Number = Re
721
Ty = ¥ = Weber Number = We
Ty = ~V—A = Mach Number = Ma
Vs
Te=1 = Length : Diameter Ratio
Ty = —B = Relative Roughness

Retrieved from " http://en. wikibooks.org/wiki/Fluid_Mechanics/Ch4"

http://en.wikibooks.org/wiki/Fluid_Mechanics/Ch4
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Units/Dimensions
Quantity Symbol Dimension
Aeration efficiency at 20 °C (kg O,/kWh) AE T
Rotor diameter (m) Dr L
Pipe diameter (m) Dp L
Water density (kg/m") p M/L?
Water viscosity (kg/(m s)) M M/LT
Revolutions per time unit of the motor N B
Immersion depth (m) H L
Total area ( %:»(diamerer of hole)? x number of hole ) A 1.2
Overall mass transfer coefficient(h™) K, L'
Step 1: Setting up the equation
f(4£, Dr, Dp,p, p, N, Hy 4, kL) =0
ﬂ-‘ =pxl Nyl Dpzl AE 7[4 =px4 Nycl I)pz-l H
7[2 =p12 Nyl DPZZDI_ ﬂs :pxﬁ Nyf- DpﬁﬁA
x3 3 z3 x7 7 27
T3 =p" N"Dp" U Mo =P N Dp" kL,
Step 2: Determine 7groups
xl vl 2
M 1Y af T
mo MLT == | || (L)'=
L 1. L
Jor M; 0=x x =0
L; 0==3%4+2 -2 y;=2
T; 0=-y,+2 z =2
7, =N>D;AE e

M x2 | y2
r,  MLT° :(F) [E) (y*(r)
Jor M; 0=x, x,=0
L, 0=-3x,+2z,+1 y,=0
Iy D=—g Z;.=—1



v3

ot (LY (M/LT)

7 (

!
L

4 M°L°T°=[ ;

)

Jor M; 0=x,+1
Ly 0=-3x,+2z3-1

13 O=-=y~I
H
T, =
’ pD,N
x4 4
5 MUIT® {gj [JE} (LY (1)
Jor M; 0=x,
L; 0=-3x,+z,+1
T, 0=-y,
—
4 Dp
M x5 1 ¥5 &l
T, M°LT :(F) (E) (L)ys(z?)
Jor M; 0=x,
L; 0=-3x,+z,+2
T; 0=-y,
A
g =—
DP
M 1 |
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Thus, the six 7 groups can be written together as

f{N *D; AE,
Finally,

N’D} AE,= f(

D au h A kL,
D, pD;N'D,’ D" N

P

D, u h A ki,

£l 2 8 39
D, pDIN'D, D,” N

J

0
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