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Indian Standard 
GUIDELINES FOR 

RAPJD MIXING DEVICES 

( First Revision ) 

0. FOREWORD 

0.1 This Indian Standard ( First Revision ) was adopted by the Indian 
Standards Institution on 30 August 1985, after the draft finalized by the 
Public Health Engineering Equipment Sectional Committee had been 
approved by the Civil Engineering Division Co..ncil. 

0.2 In water treatment plants rapid mixing is an operation by which the 
coagulant is rapidly and uniformly dispersed throughout the mass of 
water, to create a homogeneous system. This helps in the formation of 
microflocs and results in proper utilization of chemical coagulant pre- 
venting localization of ‘concentration and premature of hydroxides 
which lead to less effective utilization of the coagulant. 

0.3 This standard was first published in 1973. The present revision 
incorporates the following major changes: 

4 

b) 
C) 

4 

4 
f> 

Design guidelines for mechanical mixing devices have been given 
in detail; 

Velocity gradient for mechanical mixing devices has been given; 

To prevent vibration and wobbling in vane ‘type mixer, the 
maximum unsupported length of the shaft is given as 3 m; 

The maximum ratio of tank diameter to impeller diameter has 
been changed to 5:l for propeller type mixer; 

More details of hydraulic jump have been given; and 

More details of motor and starter have been included. 

0.3 The common coagulant used is ‘aluminium sulphate’ ( see IS : 260- 
1969* ); other compounds of aluminium and iron are also used. 

*Specification for aluminium sulphate, non-ferric ( jirtir.rf rcoirion ). 
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0.4 The sources of power for rapid mixing to create the desired intense 
turbulence are gravitational, mechanical and pneumatic. Accordingly, 
the various devices used for rapid mixing can be broadly classified as: 

a) Mechanical mixers, 

b) Hydraulic mixers, and 

c) Pneumatic mixers. 

0.4.1 Mechanical mixers are the most commonly used devices. They 
are quite effective, produce little headloss and are unaffected by small 
fluctuations in flow. They are also amenable to variation in operation 
by changing the rotation speed. However, they require electrical energy 
and regular maintenance and supervision. 

0.4.2 Hydraulic devices are simple and their main advantage is the 
absence of any mecLanica1 equipment and hence may be preferred 
where replacement parts are difficult to obtain. They also require very 
little maintenance. However, they are less flexible and involve greater 
loss of head. 

0.4.3 Hydraulic devices may be used up to design flows of 300 rngjh. 
They are also used where power is not available. Mechanical devices 
may be provided in multiple units for flows exceeding 2 000 m3/h. 

0.4.4 Pneumatic devices and in-line blenders are not covered in this 
standard as they are not generally used in India. 

0.5 The Sectional Committee has felt the desirability of laying down 
performance tests but has not found it feasible at the present stage due to 
lack of established data and comparative studies in this country on such 
units. 

0.6 In the formulation of this standard due weightage has been given to 
international coordination among the standards and practices prevailing 
in different countries including India. 

0.7 For the purpose of deciding whether a particular requirement of 
this standard is complied with, the final value, observed or calculated, 
expressing the result of a test or analysis, shall be rounded off in accor- 
dance with IS : 2-1960+. The number of significant places retained in 
the rounded off value should be the same as that of the specified value 
in this standard. 

*Rules for rounding off numerical values ( rcoiscd ). 
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1. SCOPE 

1.1 This standard lays tiown rlesign considerations, guidelines for 
materials and methods of corlstr:jclioll of the following types of rapid 
mixing devices: 

a) h1echanical 

i) Vane type mixer 

ii) Propeller type mixer 

iii) Jet type misei 

b) Hydraulic 

i) Hydraulic jump 

ii) Baffled channel 

2. TERMINOLOGY 

2.0 For the purpose of this standard, the following definitions shall apply. 

2.1 Propeller Mixer -- A mechanical device where propeller type 
blades are used for mixing. 

2.2 Vane Mixer - It is a mixer where flat blades are used for mixing. 

2.3 Jet Mixers - It is a mixer where hydraulic jet action is used to 
achieve mixing by suitable pumps. _.__ 

2.4 Hydraulic Jump - It is a phenomenon that occurs in open channel 
flow when the bottom siopc of the channel changes suddenly from 
greater than critical slope IO less than critical slope. It may be defined 
as the sudden transition of the stream frorll low stage at less than critical 
depth to high stage above critical depth. 

2.5 Baffled Channel - It is a channel in which baffles in the form of 
fins, blades or plates are provided at certain distance ori opposite walls 
of the channel in alternate positions to enable flow around the end 
and proper mixing. 

2.6 Detention Time - It is the time for which the water is theoretically 
retained in the ( rapid m’ix ) unit. It can be calculated by dividing the 
volume of water in the unit by the flow rate. 

2.7 Velocity Gradient - For laminar flow, it is the rate of change of 
velocity with re:,pect to the distance in the direction perpendicular to the 
flow velocity and is generally expressed as mps/m or SW-~. 
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Velocity gradient for mixing devices can be calculated from the 
following equation: 

where 

G ~ velocity gradient ( set-1 ), 

P -- power input per unit volume of water in the mixer, and 

U = absolute viscosity. 

3. DESIGN CONSIDERATION AND CONSTRUCTION 

3.1 Mechanical Mixing Devices 

3.1.1 Mechanical rapid mixing units shall bc normally designed for a 
detention time of 20 to 60 seconds at design flow and to give a velocity 
gradient in the range of 300 to 900 set-*. For general guidance, the 
recommended detention time, the corresponding velocity gradient and 
net power input per unit volume of flash mixer are given in Table 1. 

TABLE 1 RECOMMENDED DETENTION TIME AND VELOCITY 
GRADIENT AND CORRESPONDING NET POWER 

(Clauses 3.1.1, 3.1.2,3.1.3 nnd3.1.4) 

SL D IWENl’lON VISIKx,‘I.Y NW Powm INPUT 

No. TINN GltAMENT ~__-_-.--_h---_--~ 

Per unit Per ms/h 
Volume of Water Treated 
Flash Mixer 

Set SfX-’ Watts/m3 of Watts/ms/h 
Tank Volume Flow of Water 

(1) (2) (3) (4) (5) 

i) CO 300 72 1.2 

ii) 50 360 104 1.4 

iii) 40 450 162 1.8 

iv) 30 600 288 2’4 

v) 25 720 414 2.9 

vi) 20 900 648 3.6 

Nrrrk: ‘-- Power calculations nre based on wator temperature 30°C. 

3.1.2 Selection of Motors - The power requirement recommended in 
Table 1 is’the net power input. The capacity of the motor should be 
calculated taking i,n account the electrical and mechanical losses in the 
system. A maximum overall efficiency not exceeded 75 percent should be 
assumed. 

6 1, 
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3.1.3 Vane Type Mixer - This consists of mechanical device fitted with 
vanes and installed centrally in a chamber. 
shown in Fig. 1. 

A typical illustration is 
The inlet to the chamber may be from top or at the 

bottom. When the inlet is at the top, levels should be so adjusted as to 
prevent heading up of water ‘in the inlet channel. For proper function- 
ing of the unit, the mixer should be designed in accordance \b..h the 
guidelines given in Tab!e 1. To prevent vibration and wobbling, the 
maximum unsupported length of the mixer shaft shall not exceed 3 m. 
The rpm of the shaft is generally in the range of 60 to 100. 

rHANO RAIL 

I I MOTOR 

.I . . . 
.-. 

‘.a’ 
‘. ._ 

t ::r: 
‘6 . . 

;_..,i 
:b: .; 

SCOUR 
VALVE 

*;, . ..‘ 
;’ A 

pz 

:4. ,.: d,‘.( 
:. :: ., ‘. . 
?: ‘d: 

:a. 
‘.’ 2. L OUTLET 

Fro. I TYPICAL ILLUSTKATIDN OF VANE TYPE MIXER 
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3.1.4 Propeller Mixer - This type of mixing devices consists of 
relatively small high speed impellers like that of ship’s screws. Blades 
are mounted on a vertical or inclined shaft. They generate strong 
currents in axial direction and have high rate of flow displacement. The 
speed of rotation generally ranges from 4OO rpm for large diameter 
propellers to 1 400 rpm relatively smaller diameter propellers. The 
usual ratio of.tank diameter to impeller diameter ( or side of a square 
tank ) is 5:1 to 3:l. A ratio of tank height to diameter of 1:l to 3:l is 
recommended. The other design parameters shall be in accordance 
with Table 1. 

3.1.5 Jet Type Mixer - The jet system of flash mixing produces 
agitation in the mixer tank hydraulically. A centrifugal pump is used 
to draw a small portion of the flow and to dehver the same through a 
nozzle which discharges against a baffle plate. The nozzle shall be 
Iocated 200 mm above the baffle plate which shall be kept l/3 to l/2 
inlet pipe diameter above the flash mixer floor. The coagulant solution 
is admitted at the point where the nozzle discharges. A typical illust- 
ration of jet type mixer is shown in Fig. 2. The power requirement of 
the centrifugal pump should be worked out in accordance with Table 1. 

3.2 Ma&rids 

3.2.1 Shafi - It shall be of mild steel and of solid construction of 
suitable dimensions but not less than 40 mm diameter. 

3.2.2 Shaft Bearings - The bearings should be suitable for work under 
water and under suspension conditions. 

3.2.3 Shaft Couplings - It shall be of cast iron not less than Grade 20 of 
IS : 210-1978”. 

3.2;4 Reduction Gears - It should be made of steel conforming to 
IS : 1570-1961t and IS : 1870-1965: or any other suitable material. 

3.2.5 Vane or Propeller - Vane shall be of mild steel conforming to 
IS : 1730 ( Part 1 )-I9743 and propeller shall be of cast steel conforming 
to IS : 2644-1979/j. 

3.2.6 Motor - For vane or propeller type mixers, the motor shall be 
totally enclosed fan-cooled type conforming to IS : 325-19787 having 
method of cooling IC 41 ( sze IS : 6362-1!!71** ) and having enclosures 
providing protection IP 54 or superior ( see IS : 4691-1985tt ). 

l Specification for grew iron castings ( third revision ). 
tSpecification for schedules for wrought steels for general engineering purposes. 
$Specification for colnparison of Indian and overseas standards for wrought steeIs 

for general engineering purposrs. 
§Dimensions for steel plate, sheet and strip for structural and general engineering 

purposes: Part 1 Plates. 
(/Specification for high tensile steel castings ( second revision ). 
T[Specification for three-phase induction motors (fourth re&ion ). 
**Specification for designation of methods of cooling for rotating electrical machines. 
HSpecification for degrees of protection provided by enclosures for rotating electrical 

machinery (jut revision ). * 
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PUMP DELIVERY 

MOTOR DRIVEN’ 

CIRCULATING 

FLASH MIXER 

CHAMBER 

MLIVERV FROM 
FLASH HU(ER 

CHEMICAL HOUSE 
CHEMICAL DOSING PIPE TO 

POINT OF APPLICATION 

STRAINER BOX-/ 

ISOLATING VALVE 

PUMP SUCTION 

BAFFLE PLATE 

- 
RAW WATER INLET MAIN 

SECTION xx 

Fro. 2 TYPICAL LAYOUT OF JET TYPE FLASH MIXER 
a 
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3.2.7 Centrifugd Pum#s - They shall conform to IS : 1520-19808. 

3.2.8 No&e 
IS : 318;1981t. 

- It shall be made of gunmetal conforming to 

3.2.9 Bafle Plate - It shall be of mild steel conforming to 
iS : -1730 ( Part 1 )-1974:. 

3.2 Chambers - The chambers shall be water-tight and built of con- 
crete or brick masonry. It need not be provided with full cover-but 
shall be provided with a dewatering outlet. A minimum free board of 
300 mm’ shall be provided. In case of vane type and propeller type 
mixers, the motor assembly shall be provided.with a suitable approach 
way of reinforced cement concrete or steel constructidn of a ininimum 
width of 900 mm and provided with galvanized iron railings. 

3.4 Controls - A push button control shall be provided at the unit. 
-A remote control arrangements may also be provided where desired. 
Starters provided shall be star-delta type conforming to IS: 8544 
( Part 2 )- 19778 and shall be oil-immers’ed break type. The enclosures 
providing protection shall be of rating IP 54 conforming to IS : 2 147- 
1 b6211, 

4. PAINTING OF FABRICATED PARTS 

4.1 Red Oxide (Zinc Chromate ) - Red-oxide shall be used as 
primer for painting. One coat of primer and at least 3 coats of finishing 
paint after’ Frection shall be applied. 

5. HYDRAULIC. MIXING 

5.1 Hydra&c Jump - It is essentially a method of providing a rapid 
mix without the usd of mechanical units. Coagulant is introduced to the 
water ahead of its entrance into an open; sloping and widening flume. In 
passing ‘down the flume, the water acquires a high velocity, 3 to 3.5 m/s 
and on_ reaching the bottom, enters a pool of slowly moving water. 
Some of the kinetic energy acquired in passing down the flume is dissi- 
pated in the pool, resulting in considerable turbulence, which in turn, 
ensures a rapid initial mix. When hydraulic jump is used, the hkadloss 

*shall not be less than 300 mm at design flow. 

+Specificatjon for ~horizontal centrifugal pumps for clear cold, fresh water ( sccmid 
fUoisia?l ) . 

tSpecification for leaded tin bronze ingots and castings ( second mkion ). 
fDimens.ions for steel -plate, sheet and strip foi structural and general engineerinq 

purposes: Part, 1 Plates. 
@Specification for motor starters for voltages not exceeding 1 000 V: Par’t 2 Star delta 

starters. 
l/Specificario~ for degrees of protection provided by enclosures for low-voltage 

switchgear and controlgear. 
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5.2 Baffled Channels - Where baffled channels are used, the channel 
section ( neglecting the baffle ) shall be normally designed for a velocity 
of O-6 m/s. 

The angle subtended by the b&le in the channel shall be between 
40” to 90” with the channel wall. This angle shall ensure a minimum 
velocity of l-5 m/s whilst negotiating the baffle. 

The main walls of the channel shall be constructed of brick masonry, 
stone masonry or reinforced cement concrete finished smooth to avoid 
growing of weed, etc. The baffle shall be made of concrete or brick 
finished in the same manner as the channel. 

A minimum free board of 150 mm shall be provided. 

11 

  
  

 



IS : 7090 - 1985 

( Conlinusd from page 2 ) 

Water Treatment Equipment Subcommittee, BDC 40 : 1 

Convenrr 

SHRI JAI NARAIN 

Represcntzng 

Indian Water Works Association ( Delhi Centre ), 
New Delhi 

Members 

SHRI K. R. SAHV ( Alternate to 

Shri Jai Narain ) 
Dh A. G. BHOLE Visvesvarya Regional %Ilege of Engineering, 

Nagpur 
Da S. M. DHA~ADGAONKAK ( Alternate ) 

SHRI S. N. CHAKRABARTY Engineers India Limited, New Delhi 
SRXID.K. CHOUDRURY Geo-Miller and Company Private Limited, CaIcutta 

SI~RI A. K. MAZUMDER ( Alternate ) 
SHRI D. D. DESAI Pennwalt India Limited, Bombay 

SHRI V. P. THANOAXUTKU ( Alternate ) 
SHRI M. M. DATTa Central Public Health and Environmental Engineer- 

ing Organization, New Delhi 
SHRI K. GOVINDAN NAI it Public Health Engineering Department, Government 

( URBAN ) of Kerala, Trivandrum 
’ SIIRI R. NATAI:AJAN Hindustan Dorr-Oliver Limited, Bombay 

SHARI SURHASH VEI<MA ( Alternate ) 
SHRI R. PAitMASlVAM National Environmental Engineering Research Insti- 

tute ( CSIR ), Nagpur 
SHRI N. G. SWA~NAXAR ( Allernate ) 

SHHI N. RA~IACHANDRAN Ion Exchange ( India ) Limited, Bombay 
SRRI A. M. JOSHI ( Ahnate ) 

SHRI C. E. S. RAO The Hindustan Construction Company Limited, 
Bombay 

REPRES~XTATIVX 
REPRESENTATIVE 

Municipal Corporation of Greater Bombay,, Bombay 
All India Institute of Hygiene and Public Health, 

Calcutta 
REPRESENTATIVE Hydraulic and General Engineer ( Private ) Limited, 

Bombay 
SHRI C. L. SASTRI Candy Filters ( India ) Limited, Bombay 
SHRI V. SATYAMWTIII EIMCO - KCP Limited, Madras 

SHBI T. SUBRAI.MANAY.$M ( Ahnate ) 

12 

  
  

 



BUREAU OF INDIAN STANDARDS 

Headquarters: 
Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI 110002 
Telephones: 323 0131,323 8375,323 9402 
Fax : 91 11 3234062,91 11 3239399 

Central Laboratory : 

Plot No. 20/9, Site IV, Sahibabad Industrial Area, Sahibabad 201010 

Regional Offices: 

Telegrams : Manaksanstha 
(Common to all Offices) 

Telephone 

8-77 00 32 

Central : Manak Bhavan, 9 Bahadur Shah Zafar Marg, NEW DELHI ;10002 32376 17 

*Eastern : l/14 CIT Scheme VII M, V.I.P. Road, Maniktola. CALCUTTA 700054 337 86 62 

Northern : SC0 335336, Sector 34-A, CHANDIGARH 160022 60 38 43 

Southern : C.I.T. Campus, IV Cross Road, MADRAS 600113 23523 15 

twestern : Manakalaya, E9, Behind Marol Telephone Exchange, Andheri (East), 832 92 95 
MUMBAI 400093 

Branch Offices:: 

‘Pushpak’, Nurmohamed Shaikh Marg, Khanpur, AHMEDABAD 380001 

SPeenya Industrial Area, 1st Stage, Bangalore-Tumkur Road, 
BANGALORE 560058 

550 13 48 

839 49 55 

Gangotri Complex, 5th Floor, Bhadbhada Road, T.T. Nagar, BHOPAL 462003 554021 

Plot No. 62-63, Unit VI, Ganga Nagar, BHUBANESHWAR 751001 40 36 27 

Kalaikathir Buildings, 670 Avinashi Road, COIMBATORE 641037 21 01 41 

Plot No. 43. Sector 16 A, Mathura Road, FARIDABAD 121001 8-28 88 0 1 

Savitri Complex, 116 G.T. Road, GHAZIABAD 201001 8-71 19 96 

53/5 Ward No.29, R.G. Barua Road, 5th By-lane, GUWAHATI 781003 54 11 37 

5-8-56C, L.N. Gupta Marg, Nampally Station Road, HYDERABAD 500001 20 10 83 

E-52, Chitaranjan Marg, C-Scheme, JAIPUR 302001 37 29 25 

117/418 B, Sarvodaya Nagar, KANPUR 208005 21 68 76 

Seth Bhawan, 2nd Floor, Behind Leela Cinema, Naval Kishore Road, 23 89 23 
LUCKNOW 226001 

Patliputra Industrial Estate, PATNA 800013 26 23 05 

T.C. No. 1411421, University P. 0. Palayam, THIRUVANANTHAPURAM 695034 621 17 

Inspection Offices (With Sale Point) : 
Pushpanjaii. 1st Floor, 205-A, West High Court Road, Shankar Nagar Square, 52 51 71 

NAGPUR 440010 

Institution of Engineers (India) Building 1332 Shivaji Nagar, PUNE 411005 

*Sales Office is at 5 Chowringhee Approach, P-0. Princep Street, 
CALCUTTA 700072 

32 36 35 

271085 

tSales Office is at Novelty Chambers, Grant Road, MUMBAI 400007 

*Sales Office is at ‘F’ Block, Unity Building, Narashimaraja Square, 
BANGALORE 560002 

309 65 28 

2=3971 

Printed at Printograph, New Delhi (INDIA). 

  
  

 


	k: ( Reaffirmed 2001 )


