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Tasks In the system

- conveying of ener gy/power

- Iubri_cation
- cooling |
- inhibition of corrosion and rust

- carrying away impurities

hydraulicspneumatics.com
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Requirements

Operating conditions:
- pressure range (pressure resistance)
- temperature range (heat resistance)
- VISCOSity
- lubrication ability
- etc.
- special demands
- non-toxicity
- Incombustibility

www.oilman.com.au = etC .
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Several base fluids

Mineral oils
Vegetable oils
Water
Emulsions
Synthetic fluids

TELLUS* T 46

www.acculube-store.com haldimandsyntheticoil-wboil.com www.nbk-ukr.com www.ocsoil.fi WWW.princessauto.com
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Effects of fluid

Properties (and use and maintenance) of fluid will influence:

- operational characteristics
- operational age
- reliability of operation of the system

www.indiamart.com

www.insanehydraulics.com www.flightglobal.com
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|(e.g., automatic transmission) I—\

Classification of fluids

HYDRAULIC FLUIDS

Hydrodynamic systems

Hydrostatic systems

Mineral oil Fire Biodegradable Food
based resistant fluids industry
fluids fluids fluids

I I
I I I I
Water Waterless Water th)n
containing soluble water
soluble
Including (tap) water j\ - HFDU fluids (esters of carboxylic acid or polyolefins);

=> "Water hydraulics"

A
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e.g., formic acid HCOOH (‘ant-acid’)
- HFDR fluids (esters of phosphoric acid)

(Fluid identifiers according to DIN 51 502 and ISO 6743/4)
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Including (tap) water
=> "Water hydraulics"
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(e.g., automatic transmission)
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- HFDU fluids (esters of carboxylic acid or polyolefins); e.g., formic acid HCOOH ('ant-acid')
- HFDR fluids (esters of phosphoric acid)

(Fluid identifiers according to DIN 51 502 and ISO 6743/4)


The base fluid is usually not good enough.

Fluid additives

Improving the properties of base fluids

- lubrication ability

- pressure resistance

- Viscosity, viscosity index

- inhibition of corrosion and rust
- inhibition of chemical reactions

- efc.

www.tradekeyindia.com
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The base fluid is usually not good enough.


F Recap

—————— e 1 = dynami viscosty [Poise] = [Pas]
1 n =dy ic vi ity [Poise] =
y * A f T -v(y) dv/dy = shear rate [1/s]
A The kinematic viscosity v is

v =n/p ; the units are [m?/s]
Characteristic values of fluids |p=density of the fluid

Commonly used units of viscosity:
1 1 1 cP =mPa s (water at 20 deg C: 1.002 cP)
VI SCOSlty 1 ¢St =1 mm?s = 1E-6 m?/s (water@20C: 1 cSt)

¥10° m/s [cSt]
Ideal viscosity range @ ~15-100

Upper viscosity limit in cold start
(cavitation risk)

~500-1000

Lower viscosity limit

(lubrication ability limit) ~10

Generally recommended viscosity range n = 16 - 36 ¢St
(Note: in normal operating temperature)

Standardized Viscosity grades (VG) ISO viscosity grades => p. 16

@ see also p. 15, p. 17

A
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Recap
t = h (dv/dy); shear stress in fluid flow [Pa]
h = dynamic viscosity [Poise] = [Pa s]
dv/dy = shear rate [1/s]

The kinematic viscosity n is 
n = h / r ; the units are [m2/s]
r = density of the fluid

Commonly used units of viscosity:
1 cP = mPa s (water at 20 deg C: 1.002 cP )
1 cSt = 1 mm2/s = 1E-6 m2/s (water@20C: 1 cSt)
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v(y)
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=> Importance of temperature control !
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Pressure dependence:
n= e’
no= dyn. visc. at atmospheric pressure [Pa s]

4 = viscosity-pressure coefficient [1/Pa]
(e.g., 1.7 x 108 1/Pa for HLP mineral oil)
p = system pressure [Pa]

(v=nlp=Kin. visc.)

Temperature and pressure dependence of viscosity

38C =
T
——
//
100C
’)—’ ,”’
210C
p="| ’A—,’/
10 20 30 40 50 60
p/[MPa]

S~

9 decreases as temperature
increases
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J decreases as temperature increases


Viscosity index VI

n 10000 3= ——————
6 - = V|2 e — —
[10 m/S] BN VI V|3>V 2>V 10
N 1 .
Represents St 000 Ko
temperature 1 N
1 V|3 \‘\\::\
dependence of 100 N
viscosity RS
- Increased VI => decreased dependence on temperature 10 \§‘§“\
- Originally (around 1929) two reference oils were used to char- SN
acterize the temperature dependence: RN
-- Gulf Coast crude => VI =0 AN
-- Pennsylvania crude => VI = 100 1 N
- For modern oils or hydraulic fluids VI > 100 can be achieved

- Typically for mineral oils => VI =95 ... 100 o
- Using better base oil or additives => VI can exceed 140 q [ C]
(HVLP type fluids [DIN 51 502] or HV type fluids [ISO 6743/4])
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Aging of the fluid:
For over 60 °C, every 10 °C increase in

temperature will double the oxidation \
rate.

- The fluid (when not water-based)
should not form an emulsion with water.

the fluid, e.g., in the tank when the sys-
tem is not used. The water will then col-
lect at the bottom from where it can be
removed.

Properties of fluids

s Density

s Lubrication characteristics /

s Pressure resistance characteristics

s Oxidation resistance characteristics

s Deaeration and anti-foaming characteristics <
- Instead, water should separate from | s Water separation characteristics

- Ability to form &
maintain a lubricating
film between moving
parts during the oper-
ating conditions.

s Corrosion and rust inhibition characteristics

s Shear strength characteristics

s Specific heat and thermal conductivity
s Pour point, flash point and ignition pOin\High specific heat [J/(kg K)]
and high thermal conductivity

[W/(m K)] are helpful in control-
ling system temperature.

s Filtration characteristics
s Dissolving characteristics
s Environmental impacts

- Air in the fluid will in-
crease compressibility =>
decreased accuracy of
drives and actuators, as
well as increased re-
sponse times.

- Dissolved air vs. undis-
solved air = bubbles.

- Danger of cavitation and
'diesel effect' (very hot air
bubbles due to rapid com-
pression of the air)

Aalto University
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- Air in the fluid will increase compressibility => decreased accuracy of drives and actuators, as well as increased response times.
- Dissolved air vs. undissolved air = bubbles.
- Danger of cavitation and 'diesel effect' (very hot air bubbles due to rapid compression of the air)
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- Ability to form & maintain a lubricating film between moving parts during the operating conditions.
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Callout
- The fluid (when not water-based) should not form an emulsion with water.
- Instead, water should separate from the fluid, e.g., in the tank when the system is not used. The water will then collect at the bottom from where it can be removed.
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High specific heat [J/(kg K)] and high thermal conductivity [W/(m K)] are helpful in controlling system temperature.

oca
Puhekupla
Aging of the fluid:
For over 60 °C, every 10 °C increase in temperature will double the oxidation rate.


Example: Pressure resistance characteristics

Hydro-mechanical
efficiency
h 95 | | |
- .
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Hydro-mechanical
efficiency

(when losses are due to hydraulic and mechanical friction)


Fluid selection

Environment

Impact of operating condition

Temperature range

Pressure range

HYDRAULIC FLUIDS

Normal

requirements

Indoor use

Outdoor use

Special
requirements

fluids

Low pressure High pressure

fluids

Normal

environment

Arctic

environment

Fire
resistant
fluids

Non-toxic
fluids

Aalto University
School of Engineering
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Impact of viscosity / viscosity grade

"gv X Ap" [W] _&F%

\\ Total losses T

\\ )’ -~ T

\\ Nl //</Friction losses

><< ~ L eakage losses

! /,
P o A Y
O [Optimum]-

Viscosity affects friction
and leakage losses

Too high => excessive fluid friction losses and possible cavitation
Too low => high leakage losses and weak lubrication film

/—Total efficiency (N = Ny X Nhm) [-]

ht P ot B e
~ 774 LYSERNN
// // N
1/ NHAN
I/ N /72 -
N N2
l/f/ L
] /73 >/72 > /71
0 -
0 D p

At higher pressure levels a higher
viscosity grade (higher base viscosity)
has to be selected

Otherwise => excessive leakage losses

Aalto University
School of Engineering
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"qV x Dp" [W]
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Total efficiency (ht = hv x hhm) [-]
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Optimum
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Viscosity grades

Determined at 40°C (ISO/DIN)

+/- 10 %
deviation allowed

ISO VG -class Mid-point Minimum Maximum
(Viscosity Grade) %106 m?/s X106 m?/s X106 m?/s

[cSt] [cSt] [cSt]

2 2,2 1,98 2,42
3 32 2,88 3,52
5 4,6 4,14 5,06
7 6,8 6,12 7,48
10 10 9,00 11,0
15 15 13,5 16,5
22 22 19,8 24,2
32 32 28,8 35,2
46 46 41,4 50,6
68 68 61,2 74,8
100 100 90,0 110
150 150 135 165
220 220 198 242
320 320 288 352
460 460 414 506
680 680 612 748
1000 1000 900 1100
1500 1500 1350 1650
2200 2200 1980 2420
3200 3200 2880 3520

A

Aalto University
School of Engineering
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+/- 10 %
deviation allowed
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Selection of viscosity grade

n 1000 \\\ \\ [ [ [ [ [ |
[10°m/s] NN % ¥8 :233 -
[cSt] ANENAN 3 VG 46 |

N
[IANERN -
ON Lve,

100 (3 N
(\4-)/ N \\ AN
N N
BN
AN NN
Optimal viscosity S BT T m T TIANON é\i\- R
range \\ \\\\ \\\ Example:
164 4 = == + = == F NN XK\- <4 |- Operating temperature = 60 °C
\L \\ NN - High pressure application
10 l - Select ISO VG 68
-40  -20 0 20 40 60 80 100 120

g [°C]

Aalto University
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Optimal viscosity
range

oca
Viiva

oca
Ellipsi
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Example:
- Operating temperature = 60 °C
- High pressure application
- Select ISO VG 68


Selection of
viscosity grade

If we have

- the viscosity-temperature data for
a candidate fluid and

- our selection criteria (from system
component specifications)

- we can determine the temperature
(range) requirements

Note that the VI should be high
enough, such that viscosity require-
ments are fulfilled at the extremes
of the temperature range

n 10000

-6 2
[10" m7/s]
< : !
[cSt] 1000 Highest starting viscosity l
NG Ideal operational
NN viscosity range |
] |
100 IHighest operational osity ‘
e.g., 10 - 50 ¢St |—> N -
10| Lowest operational viscosity N
1 I
[
-40 /-20 0 20 40 60 80 100 120
] .
: : q [°C]
Lowest starting | | Ideal operational .
temperature temperature Allowed operational
range temperature range

Highest operating
temperature

Aalto University
School of Engineering
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e.g., 10 - 50 cSt
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Viiva
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16 - 36 cSt

oca
Tekstiruutu
If we have
- the viscosity-temperature data for a candidate fluid and
- our selection criteria (from system component specifications)
- we can determine the temperature (range) requirements

oca
Text Box
Note that the VI should be high enough, such that viscosity requirements are fulfilled at the extremes of the temperature range


Effect of fluid type on price

Price in relation

Hydraulic fluid

to mineral oil |Examp|e fluid type designations: |

Oil in water -emulsion 0,3-0,5 IHFA (HFAE); 1-10 % oil |
Mineral oil 1 H, HL, HLP, HVLP, HLPD (DIN 51 502)
Water in oil —emulsion 1,2-1,5 HFB; 40-60 % oil
Vegetable oil 1,5-2,0 HETG; canola, rapeseed, etc. oil plants
Polyglycol-water -emulsion 3,0-4,0 HFC; 35-50 % water -

. . HEPG,; insensitive to water contamination
Synthetic fluids 4,0-20,0 HFD (HEDU & HEDRY; often for high temp

HEPR; biocompatible synthetic fluid

Demand for special properties?

Aalto University
School of Engineering
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HFA (HFAE); 1-10 % oil
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HFB; 40-60 % oil
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Example fluid type designations:
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HETG; canola, rapeseed, etc. oil plants
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HFC; 35-50 % water
HEPG; insensitive to water contamination
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HFD (HFDU & HFDR); often for high temp
HEPR; biocompatible synthetic fluid
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H, HL, HLP, HVLP, HLPD (DIN 51 502)


Mineral oil

. . ) __Vegetable
Pro pertl eS Of fI u I d S Property HLP HFA HFD HETG

Density (15 °C) 870 1000 1150 920 [kg/m3]
. . . Kinematic [¥10® m?/s]

A directive comparison viskosity (d0°c)  1OTI0 ko A0 S gy

Viscosity Index 100 - <0 210

Bulk modulus 2 2,5 2,3-2,8 2,5 [¥10° N/m?]

Specific heat

(20°C) 2,1 4,2 1,3-15 21 [kd/kgK]

Thermal

conductivity 0,14 0,6 0,11 0,17 [W/imK]

(20°C)

Coefficient of

thermal 7 1,8 7 7,5 [x10* 1/K]

expansion

Normal tempera- o

ture range -10-80 5-50 10-70 0-70 [°C]

Max temperature o

range -40-120 0-55 -20-150 -20-90 [°C]

Flash point 210 - 245 315 [°C]

Ignition point 310-360 - 500 350-500 [°C]

Pour point -18 0 -24-6 -25 [°C]

Vapour pressure 9 2 5 7

(20 °C) 10 41\0 10 3110 [MPa]

A Aalto University L{(vapour pressure for water 0.02 bar) |

School of Engineering
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Mineral oil
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Oil-in-water
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Synthetic
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Vegetable
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(vapour pressure for water 0.02 bar)


Handling of hydraulic fluids s dedicaied fiing en

- Fill through filter

Appropriate/responsible handling:
- In storage

- In filling/transfer
- In use

- In disposal

Hydraulic fluids are
almost without
exception toxic waste
- appropriate disposal

hydraulicoilflushing.com
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- Use dedicated filling gear
- Fill through filter


Lecture themes - Recap

Is fluid only for energy/power transfer?
Significance of hydraulic fluid?
Selection of fluid — How?

Carefree/careless?

Aalto University
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