
INTRODUCTION 

I .  1 Introduction 
The word ‘hydraulic’ originates from the greek ‘hydor’ (water) and 
‘aulos’ (pipe). The term ‘hydraulics’ is applied today to describe the 
transmission and control of forces and movement by means of a 
functional fluid. The relevant fluid mechanics theory concerns the 
study of liquids at rest (hydrostatics), or in motion in relation to 
confining surfaces or bodies (hydrodynamics). Hydraulic power trans- 
mission is the technique of transmitting energy by means of a liquid 
medium. Liquids utilized for this purpose are termed hydraulic fluids. 

Use of hydraulics is expanding, and consumption of hydraulic fluids 
today constitutes a significant part of the world’s total consumption of 
refined mineral oils, approximately 1 million tons per annum or 
around 10%. Mineral oil-based products represent over 90% of all 
hydraulic media; the remainder are various water-based fluids and 
synthetic oils. At present the bulk of these products are naturally 
utilized within the industrialized countries, but the demand for 
hydraulic fluids is now growing rapidly in the developing countries 
where vast future potential requirements exist. 

Hydraulic fluids find innumerable applications in both static indus- 
try and mobile systems outdoors (transport equipment, excavators, 
bulldozers, etc.). Around 7&80% of the total volume of hydraulic 
fluids is utilized in static industrial installations. A certain amount 
of the remaining volume must meet the particularly critical quality 
requirements of specialized mobile systems in aerospace and military 
applications. 
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Fig. 1.1 Energy conversion in a hydrostatic system. 

Fig. 1.2 Relative size of components. 

The basic principle for hydraulic power transmission is illustrated 
in Fig. 1.1, where the input of electrical or thermal energy is con- 
verted to hydraulic energy, which is again transformed back to 
mechanical power for the output of the system. 

Power transmission is effected by means of energy-converting units 
capable of transforming mechanical and hydraulic energy at the input 
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and output of the installation. A functional fluid circulates in the 
hydraulic circuit, transporting ehergy between the input and output 
units. 

One of the major advantages of hydraulic transmissions is the 
relatively moderate dimensions of the energy conversion units 
(hydraulic pumps and motors) compared to energy converters in other 
fields (Fig. 1.2). 

The transmission of energy between fluid and conversion unit may 
be effected in accordance with hydrostatic or hydrokinetic principles 
(Figs 1.3 and 1.4). 

1.1.1 Hydrostatic systems 

Power transmission in a hydrostatic system is effected by means of the 
pressure of the hydraulic fluid, principal components being: 

e the hydraulic pump to create the required working pressure; 
e the piping and flexible hoses conveying the fluid flow between 

components; 
valves of various types controlling the direction of flow, pressure 
and volume; 

e cylinders (‘linear motors’) converting fluid pressure to linear me- 
chanical work, e.g. in a hydraulic press or to operate wing flaps on 
aircraft; 
hydraulic motors converting fluid pressure to rotary mechanical 
work, e.g. for the driving wheels of forestry machines or marine 
winches. 

Fig. 1.3 A hydrostatic system. 
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1 . I  .2 Hydrodynamic systems 

A hydrodynamic system consists in principle of a centrifugal pump 
(‘impeller wheel’) accelerating the transmission fluid against the 
inclined vanes of a turbine rotor (wheel). In the simple fluid cou- 
pling, kinetic energy is transferred from the circulating fluid and 
converted to rotary power as shown in Figs 1.4a. 

Torque converters function in a similar manner. However, in this case 
a freely rotating stator is interposed between the impeller and turbine 
wheel - the stator is a vaned wheel. When the driven impeller rotates, 
the transmission fluid is circulated from its vanes to the turbine vanes, 
passing outside the stator. In returning from the turbine to the impel- 
ler, it passes through the stator. In doing so the stator’s vanes accel- 
erate the transmission fluid with increased energy via the impeller 
back to the turbine. The energy increase or output torque is greatest 
when the impeller is rotating at maximum speed and the turbine 
wheel is stationary. Figure 1.4b illustrates the principle of the torque 
converter.. 

Hydrostatic systems are the most widely applied form of hydraulics 
today, typical applications being hydraulic presses, machine tools, 
earth-moving machinery, hydraulic jacks and brake systems. 

Hydrodynamic systems are used extensively for fluid couplings and 
automatic transmissions in commercial vehicles, agricultural machin- 
ery and passenger cars. 

Fig. 1.4 (a) Fluid coupling (power transmission by kinetic energy). 
(b) Principle of torque converter. 
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Fig. 1.5 Hydrostatic pressure. 

1.2 Basic principles of hydraulics 

In an open body of water, e.g. a lake, the static pressure at any point 
below the surface is proportional to the depth and density of the 
water: p = hpg (refer Fig. 1.5). At 10 m depth in water, the resulting 
pressure is approximately 1 bar (100 kPa), whilst at the greatest 
depths of the west Pacific ocean, pressures of around 1140 bar 
(114 MPa) are recorded. 

As long ago as ancient Egypt and Rome, a number of the funda- 
mental laws concerning flow and equilibrum behaviour of liquids were 
utilized in the construction of simple water wheels, irrigation systems 
and water supplies. However, it was not before the 17th century that 
Blaise Pascal laid the foundation for the further development of 
hydraulic theory with his historic observation: 

The pressure at any point within a static liquid is identical in all 
directions, and pressure exerted on an enclosed liquid is trans- 
mitted undiminished in every direction, acting with equal force 
on equal areas. (Pascal’s Law) 

This condition is illustrated in Fig. 1.6, where a force F is impressed 
on the confined volume of fluid by means of a piston of cross-sectional 
area A. The resultant pressure is evenly distributed throughout the 
liquid and is equivalent to the unit load on the piston, i.e. F/A.  Here 
we ignore the actual weight of the fluid which is normally of no 
significance on the pressure side of a hydrostatic system (a 10 m 
head of water is, for example, merely equivalent to 1 bar of pressure). 

The fundamental principle for power transmission in a hydrostatic 
system is shown in Fig. 1.7. 
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Fig. 1.6 Even distribution of pressure in an enclosed liquid. 

The pressure developed in the fluid by force Fl is Fl/Al ,  and this 
pressure is transmitted unchanged (i.e. without pressure loss) to the 
piston of surface area A2. The transmitted force F2 is therefore 
identical to F1(A2/A1), and can lift a similar load or perform an 
equivalent quantity of other mechanical work. Assuming this force 

Fig. 1.7 Energy transmission in a hydrostatic system. 
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is sufficiently high to perform the task in question, then the linear 
movement of the two pistons is inversely proportional to their cross- 
sectional areas: 

The volumetric displacement of the hydraulic medium is thus the 
decisive factor for the distance travelled by the individual pistons. 

1.2.1 Pressure transmission 

By rigidly joining together two pistons of different cross-sectional 
areas, the pressure developed in an adjacent hydraulic circuit may 
easily be increased or reduced (Fig. 1.8). 

In the above figure, pressure p1 acts upon area Al resulting in force 
Fl. On account of the pistons being joined rigidly together, the 
resultant force Fl is transferred unchanged to the smaller piston of 
cross-sectional area A2, i.e. 

and 

Fig. 1.8 Principle of pressure transmission. 
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or 

PllP2 = A2IA1. 

By this simple arrangement, extremely large pressure changes may be 
achieved. 
Example 

Piston #1 Piston #2 

Diameter (mm) 
Surface area (mm2) 
Pressure (bar) 

60 
2828 

3 

15 
177 
48 

1.2.2 Liquids in motion 

Hydrodynamics encompasses the mechanics of moving fluids. When a 
fluid flows through a pipe of varying diameter, the respective liquid 
volumes passing the different sections per unit time are identical (Fig. 
1.9). Q = liquid volume flowing past cross-section A in time t .  Hence 
the velocity of the fluid flow varies inversely proportionally to the 
cross-section of the pipe. 

Qi = Aiui; Q2 = A2~2; Q3 = A3~3; 

but Ql = Q2 = Q3 and therefore 

Alul = A 2 ~ 2  = A3~3,  

which is known as the continuity equation. 

(Q = liquid volume flowing past cross-section A in time t )  

Fig. 1.9 Variation of flow velocity. 
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1.3 Energy considerations 
Bernoulli's law states that the total energy of a flowing, frictionless 
fluid remains unchanged provided no work is done by or on the fluid. 
In other words, the s u m  of pressure and kinetic energy remains 
constant, an increase in velocity being compensated for by a corre- 
sponding pressure reduction. 

The total energy content ( W) of a moving liquid is composed of: 

(a) potential energy, related to the head of fluid, 
(b) pressure energy, equivalent to the hydrostatic pressure, 
(c) kinetic energy, related to fluid velocity. 

Thus 

Wtotal = h e a d  + Pstatic + Ekinetic 

From the various relationships mentioned above, the following con- 
clusions may be drawn: 

0 Increased flow velocity due to a smaller pipe diameter results in a 
higher kinetic energy. 

0 As the total energy content of the fluid remains unaltered, its 
potential energy, pressure energy or both must alter when the pipe 
diameter is reduced. 

0 In hydrostatic systems the pressure energy is the principal factor 
as the fluid head and velocity are relatively moderate. 

Loss of energy by friction. When a liquid flows, a certain degree of 
friction occurs between the molecules of the fluid and all surfaces 
with which it is in contact. Consequently, part of the liquid's kinetic 
energy is converted to heat, resulting in a corresponding loss of 
pressure (Fig. 1.10). 

Fig. 1.10 Pressure drop due to friction losses. 
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Friction losses increase significantly when the flow pattern changes 
from laminar (streamline) to the turbulent form (Figs l . l l a  and 1.llb). 

The smooth, laminar flow pattern (Fig. l.lla) is transformed to the 
unruly turbulent form when the combination of several parameters, 
e.g. viscosity, flow velocity, pipe diameter and surface roughness of 
pipe walls, exceeds a certain limiting value. For design purposes it is 
normal practice to utilize the dimensionless Reynolds number (Re) as 
a criterion to assess whether the flow is laminar or turbulent: 

Re = u.D.lOOO/u, 

where u = flow velocity, D = pipe diameter (mm), II = kinematic 
viscosity (mm2/s). 

Laminar flow in normal, round, technically smooth hydraulic piping 
is usually stable up to a Reynolds value of Re 5 1200. Turbulent flow 
(Fig. l . l lb)  with increasing friction losses will normally commence at 
Re = 2300 (refer also to pressure-loss nomograms for hoses and pipes 
in Appendices 1 and 2). 

Fig. 1.11 (a) Laminar (streamline) flow. (b) Turbulent flow. 


