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Roles of Coolants in Grinding

*cools the workpiece, reducing thermal damage
flushes away the chips from grinding area
sJubricates the grinding zone, reducing energy
*cools the wheel, increasing wheel life

«cleans the wheel, preventing loading
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Benefits of Better Coolant Application

*a harder wheel grade can be used

thermal damage of the workpiece material will be
reduced

slower natural wheel wear will result

of
of

ne applied flowrate will be more effective
ne wheel velocity will be precisely matched

(0

ressing interval can be extended

*nozzles placed at the workpiece track wheel wear
sreduced smoke with mineral oil coolants

*no need to reduce wheel speed to alleviate burn
sreduced foam and air entrainment
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Nozzle Deficiencies

N

The Vena Contracta
creates a jet that is smaller
than the geometric
Py A aperture of the nozzle.
' The flowrate from this

nozzle is therefore less
\ than expected.

X 30 degrees
b [SaD The lower Rouse nozzle
profile creates little vena
contracta

Traditional Nozzle (with eddy zones shown)

\ 4

Improved Nozzle
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Balanced Nozzle Geometry

Traditional Rectangular Nozzle

Nozzles must be symmetrical,
otherwise the jet will exit at
an angle.

The Rouse design does not
need a long nose and the exit
area Is easily modified to
change the flowrate
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Bends in Pipe Create a Velocity Profile

* e
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Pump Flow Characteristics
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Matching Grinding Wheel Speed

Many researchers agree that the fluid velocityusho
match the wheel velocity

However, limitations of pumps, plumbing and nozzle
designs may not permit velocity matching

Thus, as grinding wheel velocities are being iases
by users, the fluid system may be unable to supply
optimal jet velocity

Non-enclosed grinding machines may never be able t
use optimum jet velocity
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Benefits of Coherent Jets

e Can be placed further away from mechanical
Interference with the workpiece and fixture

 Less entrained air gives rise to less foam craatioh
water-based coolants

* Reduced mist with straight oil coolants minimizies
risk of fire

* More precise aiming and minimization of flowrate

o Little drop-off in cooling with long grind paths
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Alr Barrier

* The boundary layer which surrounds the wheel
periphery can deflect the grinding fluid away frame
grinding zone.

* The depth of air barrier is proportional to theegh
surface roughness

 Grinding wheels with high permeabillity can increas
the air barrier influence.
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Alr Barrier

e The Air Barrier can be less of an issue when lind f
velocity and grinding wheel velocity are matched

 Mechanical, or fluid, scrapers can be employed to
divert the air barrier away, but are seldom adpliste

e Shoe nozzles are less affected by air barriehesalir
IS peeled off automatically

e By aiming the coolant jet just ahead of the gmuggdi
zone, the air has an exit path
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Air Barrier Can Dominate if Jet Aim Wrong
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High Pressure Wheel Cleaning

The use of high pressure cleaning jets when grgndin
soft materials can give the following benefits:

Prevents wheel from loading with workpiece materia
Breaks the air barrier

Gives a dressing action to remove crushed grain
More consistent power consumption

A suggested flowrate of 0.3 litres/min per millimestat
a pressure of 40-55 bar for resin and vitrified ellkge
and up to 80 bar for electroplated wheels
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What Flowrate Should be Used

For an untested grinding cycle, use 4 L/min.mm (25
GPM/inch)

f the grinding power Is known, use 8 —10 I/mirr pe
Kilowatt (1.5-2.0 GPM per horsepower)

t Is well known that the fraction of spindle eggr
entering the workpiece during grinding is dependent
on grain type, fluid type, wheel speed, wheel
structure, and others, and caution must be usdd wit

this model.
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Calculation of Jet Velocity from Flowrate

The exit velocity of a fluid jet (¥, is calculated from the
following equation, if the flowrate is known:

vi= 10. Flowrate ljtres/min)
60. Nozzle exit (mm)

or
v;=19.25 Q
A

where: yis in feet per minute, Q (flowrate) is in US GPMdaA
(exit area of nozzle) is in square inches.
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Nozzle Discharge Coefficient (C [)

The exit velocity of a fluid jet (Y, Is calculated from the
following equation, if the flowrate is known:

Flowrate
Cp - Nozzle Area

V.

Where G Is the Coefficient of Discharge of the nozzle
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Bernoulli’'s Equation

e Bernoulli’'s equation considers that the poterdgiargy
within the nozzle is fully converted into the kimet
energy, in the form of a jet

 The following table compares the velocity-pressure
relationship of water (specific gravity = 1), miatoill
(specific gravity = 0.87), and synthetic olil (sgeci
gravity = 0.93)

* For a specific fluid density, the pressure can be
determined that gives a jet of a known velocity

 The nozzle discharge coefficient is not important
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Bernoulli’'s Equation

Bernoull’'s equation can be written as:
DP = 0.5.).r

Specific gravity (SG) Is more convenient to usentdansity,
giving the following equations:

DP(bar) = _SG .m/s)?
200

or

P(psi) = SG . ysfpm)?
535824
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English Optimization Chart
jet coolant nozzle pressure (psi) flowrate (GPM) faelisnozzle diameters (inch) and
speed areas (incf)
(fom) | water miner. oil| ester oil | .003 | .012| .028| .049 .077 .11 .15 196 area
SG=1.0 SG=0.87| SG=0.93 1/16 | 1/8 3/16| 1/4 5/16 3/8 7116 1/2 diam

4000 30 26 28 0.6 24 5p 97 15 22 BO 39

6000 67 58 62 09 36 8P 15 43 33 45 53

8000 119 104 111 1.2 48 11 19 30 44 59 78
10000 187 163 174 1b 6]1 14 24 B8 65 74 97
12000 269 234 250 1.8 7.3 16 29 45 655 89 116
14000 366 318 340 21 85 19 3 53 76 104 136
16000 478 416 44% 2.4 97 42 3 61 B7 119 155
18000 605 526 563 2.V 11 25 44 68 D8 134 174
20000 747 650 69% 3.0 1p 27 48 76 109 148 194
25000 1166 1014 1084 3.8 15 34 61 D5 136 18242
30000 1680 1462 156 45 18 41 ¥3 114 164 22391
35000 2286 1989 2126 53 41 48 85 132 191 26639
40000 2986 2598 2777  6J1 24 %5 97 161 218 293888

English Flowrate Chart for a Nozzle with a Coefficent of Discharge of 0.95
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Setting the Jet Velocity and Flowrate

*Once the nozzle of correct aperture has beerml fitke
actual flow rate should be re-measured to ens@re th
desired velocity is obtained and the pump can rasint
the desired pressure at that flowrate

*The nozzle aperture that will give the desired/gdocity
and flowrate, can be determined from a chart, or by
calculation

oIf a flowmeter is not available, but the nozzletetea
and the coolant pressure at the nozzle is knovem, &h
‘ballpark’ flowrate can be obtained from the flowea

chart.
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Use of Chillers

*The cooler the fluid entering the grinding zone,
the more heat it can extract before film boiling
OCCUrs

*The benefit of increased fluid viscosity has
already been mentioned

«Control of fluid temperature is essential for
minimising size fluctuations during a shift
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Feed Pipe Diameter Guidelines

The diameter of the hose, or pipe, from the pump to the nozzle
has an effect on the pressure drop prior to the nozzle.

The length of the pipe, and it's internal surface roughness, also
have an effect on the pressure available.

The table below shows the maximum advisable flowrate that
should be delivered through common pipe diameters for typical
grinding machines and steel tubing :

Pipe ID in inches 1/2 3/4 1 1.25 1.5 2
Pipe ID in mm 13 19 25 32 38 51
Flowrate in GPM 12 27 48 75 109 193
Flowrate in I/min 45 103 183 285 410 730
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Nozzle Designs
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| oc-Lines Galore
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Poor Nozzle Design at V ; = 30 m/s
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Problems with Open Pipes

6 bar,
100LPM

14 bar,
140LPM

At just 14 bar, with water based coolant, the open pipe
flow expands from 8mm to 20mm in 125mm distance.
Often open pipes are required to run at far higher
pressures on high-speed and tool grinders
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SGA Round Nozzle at 2 Velocities with Oll
Source: Cranfield University

10 bar, 50m/s 45 bar , 100m/s
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Rectangular and Round Nozzles
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Rectangular and Round Nozzles
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Blohm Profimat 412 CDCF
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Magerle CDCF
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Open Pipe Approach
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Reconfigurable Rectangular Nozzles

Cool-Grind Technologies LLC



Laser Alignment of Nozzles
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