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FOREWORD

This installation manual will guide you to the factors to be considered in the installation
of your diesel generator system.  It discusses  location and mounting of the generator set;
size of room; ventilation and air flow; engine cooling water supply or radiator location;
exhaust outlet; fuel tank and fuel transfer system.

By following the suggestions in this installation manual, you will be able to plan an
economical, efficient generator set installation with operating characteristics suitable to
each particular application.

You can make you work easier by enlisting the aid of your local dealer when planning
your generator set installation.  Getting his advice early may save cost and avoid
problems.  He knows engines, electrical equipment, local laws and insurance regulations.
With his help, you can be sure your generator set installation will fulfil your needs
without unnecessary cost.
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1. INSTALLATION FACTORS

Once the size of the generator set and the required
associated control panel and switchgear have been
established, plans for installation can be prepared.
Proper attention to mechanical and electrical
engineering details will assure a satisfactory power
system installation.

Factors to be considered in the  installation of a
generator are:

Access and maintenance location.
Floor loading.
Vibration transmitted to building and equipment.
Ventilation of room.
Engine exhaust piping and insulation.
Noise reduction.
Method of engine cooling.
Size and location of diesel fuel tank, or gas supply
system.
Local, national or insurance regulations.
Smoke and emissions requirements.

2. MOVING THE GENERATOR SET

The generator set baseframe is specifically designed
for ease of moving the set.  Improper handling can
seriously damage the generator and components.

Using a forklift, the generator set can be lifted or for
minor location adjustments pushed/pulled by the
baseframe.

Never lift the generator set by attaching to the
engine or alternator lifting lugs!

For lifting the generator set, lift points are provided on
the baseframe.  Shackles and chains of suitable length
and lifting capacity  must be used and a spreader bar is
required to prevent damaging the set.  See figure 2.1.
An optional "single point lifting bale" is available on
most diesel generator sets if the generator set will be
regularly moved by lifting.

3. GENERATOR SET LOCATION

The set may be located in the basement or on another
floor of the building, on a balcony, in a penthouse on
the roof or even in a separate building.  Usually it is
located in the basement for economics and for
convenience of operating personnel.  The generator
room should be large enough to provide adequate air
circulation and plenty of working space around the
engine and alternator.

If it is necessary to locate the generator set outside the
building, it can be furnished enclosed in a housing and
mounted on a skid or trailer (for diesel generator sets).
This type of assembly is also useful, whether located
inside or outside the building, if the installation is
temporary.  For outside installation the housing is
normally "weatherproof".  This is necessary to prevent
water from entering the alternator compartment if the
generator set is to be exposed to rain accompanied by
high winds.

FIG 2.1.  PROPER LIFTING ARRANGEMENT
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4. GENERATOR SET MOUNTING

The generator set will be shipped assembled on a rigid
base that precisely aligns the alternator and engine and
needs merely to be set in place (on vibration isolation
pads for larger sets) and levelled. See figure 4.1

4.1 Vibration Isolation

It is recommended that the generator set be mounted
on vibration isolation pads to prevent the set from
receiving or transmitting injurious or objectionable
vibrations.  Rubber isolation pads are used when small
amounts of vibration transmission is acceptable.  Steel
springs in combination with rubber pads are used to
combat both light and heavy vibrations.  On smaller
generator sets, these isolation pads should be located
between the coupled engine/alternator feet and the
baseframe.  The baseframe is then securely attached to
the floor.  On larger sets the coupled engine/alternator
may be rigidly connected to the baseframe with
vibration isolation between the baseframe and floor.
Other effects of engine vibration can be minimised by
providing flexible connections between the engine and
fuel lines, exhaust system, radiator air discharge duct,

conduit for control and power cables and other
externally connected support systems.

4.2 Floor Loading

Floor loading depends on the total generator set weight
(including fuel and water) and the number and size of
isolator pads.  With the baseframe mounted directly on
the floor, the floor loading is:

Floor Loading =
Total Generating Set Weight

Area of Skids
          

With vibration isolation between the baseframe and the
floor, if the load is equally distributed over all
isolators, the floor loading is:

Floor Loading =
Total Generating Set Weight

Pad Area x Number of Pads
          

Thus, floor loading can be reduced by increasing the
number of isolation pads.

If load is not equally distributed, the maximum floor
pressure occurs under the pad supporting the greatest
proportion of load (assuming all pads are the same
size):

Max Floor Pressure =  
Load on Heaviest Loaded Pad

Pad Area

FIG 4.1  REDUCING VIBRATION TRANSMISSION

FLEXIBLE EXHAUST

FLEXIBLE DISCHARGE
DUCT CONNECTION

VIBRATION ISOLATORS
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5. VENTILATION

Any internal combustion engine requires a liberal
supply of cool, clean air for combustion.  If the air
entering the engine intake is too warm or too thin, the
engine may not produce its rated power.  Operation of
the engine and alternator radiates heat into the room
and raises the temperature of the room air.  Therefore,
ventilation of the generator room is necessary to limit
room temperature rise and to make clean, cool intake
air available to the engine.

When the engine is cooled by a set mounted radiator,
the radiator fan must move large quantities of air
through the radiator core.  There must be enough
temperature difference between the air and the water in
the radiator to cool the water sufficiently before it re-
circulates through the engine.  The air temperature at
the radiator inlet depends on the temperature rise of air
flowing through the room from the room inlet
ventilator.  By drawing air into the room and expelling
it outdoors through a discharge duct, the radiator fan
helps to maintain room temperature in the desirable
range.

In providing ventilation, the objective is to maintain
the room air at a comfortable temperature that is cool
enough for efficient operation and full available power,
but it should not be so cold in winter that the room is
uncomfortable or engine starting is difficult.  Though
providing adequate ventilation seldom poses serious
problems, each installation should be analysed by both
the distributor and the customer to make sure the
ventilation provisions are satisfactory.

5.1 Circulation

Good ventilation requires adequate flow into and out of
the room and free circulation within the room.  Thus,
the room should be of sufficient size to allow free
circulation of air, so that temperatures are equalised
and there are no pockets of stagnant air.  See figure
5.1.  The generator set should be located so that the
engine intake draws air from the cooler part of the
room.  If there are two or more generator sets, avoid
locating them so that air heated by the radiator of one
set flows toward the engine intake or radiator fan of an
adjacent set. See figure 5.2.

FIG 5.1  TYPICAL ARRANGEMENT FOR ADEQUATE AIR CIRCULATION AND VENTILATION
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5.2 Ventilators

To bring in fresh air, there should be an inlet
ventilator opening to the outside or at least an opening
to another part of the building through which the
required amount of air can enter.  In smaller rooms,
ducting may be used to bring air to the room or
directly to the engine's air intake.  In addition, an exit
ventilator opening should be located on the opposite
outside wall to exhaust warm air. See Figure 5.3.

Both the inlet and exit ventilators should have louvres
for weather protection.  These may be fixed but
preferably should be movable in cold climates.  For
automatic starting generator sets, if the louvers are
movable, they should be automatically operated and
should be programmed to open immediately upon
starting the engine.

FIG 5.2  TYPICAL ARRANGEMENT FOR PROPER VENTILATION WITH MULTIPLE GENERATOR SETS
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5.3 Inlet Ventilator Size

Before calculating the inlet ventilator size, it is
necessary to take into account the radiator cooling air
flow requirements and the fan static pressure available
when the generator set is operating at its rated load. In
standard room installations, the radiated heat is
already taken into account in the radiator air flow.

For generator room installation with remote radiators,
the room cooling airflow is calculated using the total
heat radiation to the ambient air of the engine and
alternator and any part of the exhaust system.

Engine and alternator cooling air requirements for
generator sets when operating at rated power are
shown on specification sheets.  Exhaust system
radiation depends on the length of pipe within the
room, the type of insulation used and whether the
silencer is located within the room or outside.  It it
usual to insulate the exhaust piping

and silencer so that heat radiation from this source
may be neglected in calculating air flow required for
room cooling.

After determining the required air flow into the room,
calculate the size of inlet ventilator opening to be
installed in the outside wall.  The inlet ventilator must
be large enough so that the negative flow restriction
will not exceed a maximum of 10 mm (0.4 in) H2O.
Restriction values of air filters, screens and louvers
should be obtained from manufacturers of these items.

5.4 Exit Ventilator Size

Where the engine and room are cooled by a set
mounted radiator, the exit ventilator must be large
enough to exhaust all of the air flowing through the
room, except the relatively small amount that enters
the engine intake.

FIG 5.3  INLET AND EXIT VENTILATORS

AIR INLET VENTILATOR

AIR EXIT
VENTILATOR
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6. ENGINE EXHAUST

Engine exhaust must be directed to the outside through
a properly designed exhaust system that does not create
excessive back pressure on the engine.  A suitable
exhaust silencer should be connected into the exhaust
piping.  Exhaust system components located within the
engine room should be insulated to reduce heat
radiation.  The outer end of the pipe should be
equipped with a rain cap or cut at 60° to the horizontal
to prevent rain or snow from entering the exhaust
system.  If the building is equipped with a smoke
detection system, the exhaust outlet should be
positioned so it cannot set off the smoke detection
alarm.

6.1 Exhaust Piping

For both installation economy and operating efficiency,
engine location should make the exhaust piping as
short as possible with minimum bends and restrictions.
Usually the exhaust pipe extends through an outside
wall of the building and continues up the outside of the
wall to the roof.  There should be a sleeve in the wall
opening to absorb vibration and an expansion joint in
the pipe to compensate for lengthways thermal
expansion or contraction. See figure 6.1.

It is not normally recommended that the engine
exhaust share a flue with a furnace or other equipment
since there is danger that back pressure caused by one
will adversely affect operation of the others.  Such
multiple use of a flue should be attempted only if it is
not detrimental to performance of the engine or any
other equipment sharing the common flue.

The exhaust can be directed into a special stack that
also serves as the outlet for radiator discharge air and
may be sound-insulated.  The radiator discharge air
enters below the exhaust gas inlet so that the rising
radiator air mixes with the exhaust gas. See figures 6.2
and 6.3. The silencer may be located within the stack
or in the room with its tail pipe extending through the
stack and then outward.  Air guide vanes should be
installed in the stack to turn radiator discharge air flow
upward and to reduce radiator fan air flow restriction,
or the sound insulation lining may have a curved
contour to direct air flow upward.  For a generator set
enclosed in a penthouse on the roof or in a separate
outdoor enclosure or trailer, the exhaust and radiator
discharges can flow together above the enclosure
without a stack.  Sometimes for this purpose the
radiator is mounted horizontally and the fan is driven
by an electric motor to discharge air vertically.

FIG 6.1  TYPICAL EXHAUST SYSTEM INSTALLATION

EXHAUST
SILENCER

WALL SLEEVE
AND EXPANSION
JOINT

SILENCER/PIPEWORK
SUPPORTS

RAIN CAP
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6.2 Exhaust Pipe Flexible Section

A flexible connection between the manifold and the
exhaust piping system should be used to prevent
transmitting engine vibration to the piping and the
building, and to isolate the engine and piping from
forces due to thermal expansion, motion or weight of
piping.  A well designed flex section will permit
operation with ± 13 mm (0.5 in) permanent
displacement in any direction of either end of the
section without damage.  Not only must the section
have the flexibility to compensate for a nominal
amount of permanent mismatch between piping and
manifold, but it must also yield readily to intermittent
motion of the Generator Set on its vibration isolators
in response to load changes.  The flexible connector
should be specified with the Generator Set.

6.3 Exhaust Pipe Insulation

No exposed parts of the exhaust system should be near
wood or other inflammable material.  Exhaust piping
inside the building (and the silencer if mounted inside)
should be covered with suitable insulation materials to
protect personnel and to reduce room temperature.  A
sufficient layer of suitable insulating material
surrounding the piping

and silencer and retained by a stainless steel or
aluminium sheath may substantially reduce heat
radiation to the room from the exhaust system.

An additional benefit of the insulation is that it
provides sound attenuation to reduce noise in the
room.

6.4 Minimising Exhaust Flow Restriction

Free flow of exhaust gases through the pipe is essential
to minimise exhaust back pressure.  Excessive exhaust
back pressure seriously affects engine horsepower
output, durability and fuel consumption. Restricting
the discharge of gases from the cylinder causes poor
combustion and higher operating temperatures.  The
major design factors that may cause high back pressure
are:

• Exhaust pipe diameter too small
• Exhaust pipe too long
• Too many sharp bends in exhaust system
• Exhaust silencer restriction too high
• At certain critical lengths, standing pressure 

waves may cause high back pressure

FIG 6.2 HORIZONTALLY MOUNTED EXHAUST SILENCER FIG 6.3 RADIATOR AIR DISCHARGING INTO
WITH EXHAUST PIPE AND RADIATOR AIR SOUND-INSULATED STACK CONTAINING
UTILISING COMMON STACK  EXHAUST SILENCER
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Excessive restriction in the exhaust system can be
avoided by proper design and construction.  To make
sure you will avoid problems related to excessive
restriction, ask the dealer to review your design.

The effect of pipe diameter, length and the restriction
of any bends in the system can be calculated to make
sure your exhaust system is adequate without excessive
back pressure.  The longer the pipe, and the more
bends it contains, the larger the diameter required to
avoid excessive flow restriction and back pressure.
The back pressure should be calculated during the
installation stage to make certain it will be within the
recommended limits for the engine.

Measure the exhaust pipe length from your installation
layout.  See figure 6.4.  Take exhaust flow data and
back pressure limits from the generator set engine
specification sheet.  Allowing for restrictions of the
exhaust silencer and any elbows in the pipe, calculate
the minimum pipe diameter so that the total system
restriction will not exceed the recommended exhaust
back pressure limit.  Allowance should be made for
deterioration and scale accumulation that may increase
restriction over a period of time.

Elbow restriction is most conveniently handled by
calculating an equivalent length of straight pipe for
each elbow and adding it to the total length of pipe.
For elbows and flexible sections, the equivalent length
of straight pipe is calculated as follows:

45° Elbow:
Length (ft) = 0.75 x Diameter (inches)

90° Elbow:
Length (ft) = 1.33 x Diameter (inches)

Flexible Sections:
Length (ft): 0.167 x Diameter (inches)

The following formula is used to calculate the back
pressure of an exhaust system:

P  =  
CLRQ2

D5

where:
P = back pressure in inches of mercury
C = .00059 for engine combustion airflow of 100 to 400 cfm

= .00056 for engine combustion airflow of 400 to 700 cfm
= .00049 for engine combustion airflow of 700 to 2000 cfm
= .00044 for engine combustion airflow of 2000 to 

5400 cfm
L = length of exhaust pipe in feet
R = exhaust density in pounds per cubic foot

R = 
41.1

Exhaust temperature oF * 460o F+

Q = exhaust gas flow in cubic feet per minute*
D = inside diameter of exhaust pipe in inches

* Available from engine specification sheet

These formulae assume that the exhaust pipe is clean
commercial steel or wrought iron.  The back pressure
is dependent on the surface finish of the piping and an
increase in the pipe roughness will increase the back
pressure.  The constant 41.1 is based on the weight of
combustion air and fuel burned at rated load and SAE
conditions.  See engine specification sheet for exhaust
gas temperature and air flow. Conversion tables to
other units are provided in Section 13.

FIG 6.4 MEASURING EXHAUST PIPE LENGTH TO DETERMINE EXHAUST BACK PRESSURE
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7. EXHAUST SILENCING

Excessive noise is objectionable in most locations.
Since a large part of the generator set noise is
produced in the engine's pulsating exhaust, this noise
can be reduced to an acceptable level by using an
exhaust silencer.  The required degree of silencing
depends on the location and may be regulated by law.
For example, the noise of an engine is objectionable in
a hospital area but generally is not as objectionable in
an isolated pumping station.

7.1 Exhaust Silencer Selection

The silencer reduces noise in the exhaust system by
dissipating energy in chambers and baffle tubes and by
eliminating wave reflection that causes resonance.
The silencer is selected according to the degree of
attenuation required by the site conditions and
regulations.  The size of silencer and exhaust piping
should hold exhaust back pressure within limits
recommended by the engine manufacturer.

Silencers are rated according to their degree of
silencing and commonly referred to by such terms as
"residential" or "critical" and "supercritical".

• Level 1 Silencer System “Residential” - Suitable
for industrial areas where background noise level
is relatively high or for remote areas where partly
muffled noise is permissible.

• Level 2 Silencer System “Critical” - Reduces
exhaust noise to an acceptable level in localities
where moderately effective silencing is required
-  such as semi-residential areas where a
moderate background noise is always present.

• Level 3 Silencer System “Supercritical” -
Provides maximum silencing for residential,
hospital, school, hotel, store, apartment building
and other areas where background noise level is
low and generator set noise must be kept to a
minimum.

Silencers normally are available in two configurations
- (a) end inlet, end outlet, or (b) side inlet, end outlet.
Having the choice of these two configurations provides
flexibility of installation, such as horizontal or vertical,
above engine, on outside wall, etc.  The side-inlet type
permits 90° change of direction without using an
elbow.  Both silencer configurations should contain
drain fittings in locations that assure draining the
silencer in whatever attitude it is installed.

The silencer may be located close to the engine, with
exhaust piping leading from the silencer to the outside;
or it may be located outdoors on the wall or roof.
Locating the silencer close to the engine affords best
overall noise attenuation because of minimum piping
to the silencer.  Servicing and draining of the silencer
is likely to be more convenient with the silencer
indoors.

However, mounting the silencer outside has the
advantage that the silencer need not be insulated
(though it should be surrounded by a protective
screen).  The job of insulating piping within the room
is simpler when the silencer is outside, and the
insulation then can aid noise attenuation.

Since silencers are large and heavy, consider their
dimensions and weight when you are planning the
exhaust system.  The silencer must be adequately
supported so its weight is not applied to the engine's
exhaust manifold or turbocharger.  The silencer must
fit into the space available without requiring extra
bends in the exhaust piping, which would cause high
exhaust back pressure.  A side-inlet silencer may be
installed horizontally above the engine without
requiring a great amount of headroom.

Silencers or exhaust piping within reach of personnel
should be protected by guards or insulation.  Indoors, it
is preferable to insulate the silencer and piping because
the insulation not only protects personnel, but it
reduces heat radiation to the room and further reduces
exhaust system noise.  Silencers mounted horizontally
should be set at a slight angle away from the engine
outlet with a drain fitting at the lowest point to allow
the disposal of any accumulated moisture.
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8. SOUND ATTENUATION

If noise level must be limited, it should be specified in
terms of a sound pressure level at a given distance
from the generator enclosure. Then the enclosure must
be designed to attenuate the noise generated inside the
enclosure to produce the required level outside. Don't
attempt to make this noise level unnecessarily low,
because the means of achieving it may be costly.

Use of resilient mounts for the generator set plus
normal techniques for controlling exhaust, intake and
radiator fan noise should reduce generator set noise to
an acceptable level for many installations.  If the
remaining noise level is still too high, acoustic
treatment of either the room or the generator set is
necessary.  Sound barriers can be erected around the
generator set, or the walls of the generator room can be
sound insulated, or the generator set can be enclosed in
a specially developed sound insulated enclosure. See
figure 8.1.

In most cases it is necessary that the air intake and air
discharge openings will have to be fitted with sound
attenuators.  If it is desired to protect operating
personnel from direct exposure to generator set noise,
the instruments and control station may be located in a
separate sound-insulated control room.

9. ENGINE COOLING

Some engines are air cooled but the majority are
cooled by circulating a liquid coolant through the oil
cooler  if one is fitted and through passages in the
engine block and head.  Hot coolant emerging from the

engine is cooled and recirculated through the engine.
Cooling devices are commonly coolant-to-air (radiator)
or coolant-to-raw water (heat exchanger) types.

In the most common generator set installation, the
engine coolant is cooled in a set-mounted radiator with
air blown through the radiator core by an engine
driven fan. Some installations use a remotely mounted
radiator, cooled by an electric motor-driven fan.
Where there is a continuously available supply of
clean, cool raw water, a heat exchanger may be used
instead of a radiator; the engine coolant circulates
through the heat exchanger and is cooled by the raw
water supply.

An important advantage of a radiator cooling system is
that it is self-contained.  If a storm or accident
disrupted the utility power source, it might also disrupt
the water supply and disable any generator set whose
supply of raw water depended upon a utility.

Whether the radiator is mounted on the generator set
or mounted remotely, accessibility for servicing the
cooling system is important.  For proper maintenance,
the radiator fill cap, the cooling system drain cocks,
the fan belt tension adjustment must all be accessible
to the operator.

9.1 Set Mounted Radiator

A set-mounted radiator is mounted on the generator set
base in front of the engine.  See figure 9.1. An engine-
driven fan blows air through the radiator core, cooling
the liquid engine coolant flowing through the radiator.

FIG 8.1  TYPICAL SOUND ATTENUATED INSTALLATION
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FIG 9.1  SET MOUNTED RADIATOR DISCHARGING THROUGH OUTSIDE WALL

Set mounted radiators are of two types.  One type is
used with the cooling fan mounted on the engine.  The
fan is belt-driven by the crankshaft pulley in a two-
point drive.  The fan support bracket, fan spindle and
drive pulley are adjustable with respect to the
crankshaft pulley in order to maintain proper belt
tension.  The fan blades project into the radiator
shroud, which has sufficient tip clearance for belt
tension adjustment.

The other type of set mounted radiator consists of an
assembly of radiator, fan, drive pulley and adjustable
idler pulley to maintain belt tension.  The fan is
mounted with its centre fixed in a venturi shroud with
very close tip clearance for high-efficiency
performance.  The fan drive pulley, idler pulley and
engine crankshaft pulley are precisely aligned and
connected in a three-point drive by the belts.  This
second type of set-mounted radiator usually uses an
airfoil-bladed fan with the close-fitting shroud.

The proper radiator and fan combinations will be
provided on the set and furnished with the generator
set.  Air requirements for cooling a particular
generator are given in the specification sheet.  The
radiator cooling air must be relatively clean to avoid
clogging

the radiator core.  Adequate filtration of air flowing
into the room should assure relatively clean air.
However if the air at the site normally contains a high
concentration of dirt, lint, sawdust, or other matter, the
use of a remote radiator, located in a cleaner
environment, may alleviate a core clogging problem.

It is recommended that a set-mounted radiator's
discharge air should flow directly outdoors through a
duct that connects the radiator to an opening in an
outside wall.  The engine should be located as close to
the outside wall as possible to keep the ducting short.
If the ducting is too long, it may be more economical
to use a remote radiator.  The air flow restriction of the
discharge and the inlets duct should not exceed the
allowable fan static pressure.

When the set-mounted radiator is to be connected to a
discharge duct, a duct adapter should be specified for
the radiator. A length of flexible duct material (rubber
or suitable fabric) between the radiator and the fixed
discharge duct is required to isolate vibration and
provide freedom of motion between the generator set
and the fixed duct.
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FIG 9.2 REMOTE RADIATOR CONNECTED DIRECTLY FIG 9.3 REMOTE RADIATOR ISOLATED FROM
TO ENGINE COOLING SYSTEM ENGINE COOLING SYSTEM BY HEAT

EXCHANGER

9.2 Remote Radiator

A remote radiator with electric motor-driven can be
installed in any convenient location away from the
generator set. See figure 9.2. A well-designed remote
radiator has many useful features and advantages that
provide greater flexibility of generator set installations
in buildings.

More efficient venturi shroud and fan provide a
substantial reduction in horsepower required for
engine cooling.  The fan may be driven by a
thermostatically controlled motor, which will only
draw power from the generator set when required to
cool the engine.  A remote radiator can be located
outdoors where there is less air flow restriction and air
is usually cooler than engine room air, resulting in
higher efficiency and smaller size radiator; and fan
noise is removed from the building.

Remote radiators must be connected to the engine
cooling system by coolant piping, including flexible
sections between engine and piping.

9.3 Remote Radiator/Heat Exchanger 
System

Another type of remote radiator system employs a heat
exchanger at the engine . See figure 9.3 and 9.4. In
this application, the heat exchanger functions as an
intermediate heat exchanger to isolate the engine
coolant system from the high static head of the remote
radiator coolant.  The engine pump circulates engine
coolant through the engine and the element of the heat
exchanger.

A separate pump circulates radiator coolant between
the remote radiator and the heat exchanger tank.

Heat exchangers also are used for cooling the engine
without a radiator, as described in the following
section.

9.4 Heat Exchanger Cooling

A heat exchanger may be used where there is a
continuously available supply of clean, cool raw water.
Areas where excessive foreign material in the air
might cause constant radiator clogging - such as in
saw mill installations - may be logical sites for heat
exchanger cooling.  A heat exchanger cools the engine
by transferring engine coolant heat through passages
in the elements to cool raw water.  Engine coolant and
raw cooling water flows are separated completely in
closed systems, each with its own pump, and never
intermix.

A heat exchanger totally replaces the radiator and fan.
See figure 9.5. It usually is furnished as part of the
generator set assembly, mounted on the engine,
although it can be located remotely.  Since the engine
does not have to drive a radiator fan, there is more
reserve power available.

The raw water side of the heat exchanger requires a
dependable and economical supply of cool water.  Soft
water is desired to keep the heat exchanger in good
operating condition. For standby service, a well, lake
or cooling tower is preferred over city water since the
latter may fail at the same time that normal electric
power fails, making the generator useless.
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FIG 9.4 TYPICAL HEAT EXCHANGER INSTALLATION FIG 9.5 HEAT EXCHANGER COOLING SYSTEM

9.5 Antifreeze Protection

If the engine is to be exposed to low temperatures, the
cooling water in the engine must be protected from
freezing.  In radiator-cooled installations, antifreeze
may be added to the water to prevent freezing.
Ethylene glycol permanent antifreeze is recommended
for diesel engines.  It includes its own corrosion
inhibitor, which eventually may have to be
replenished.  Only a non-chromate inhibitor should be
used with ethylene glycol.

The proportion of ethylene glycol required is dictated
primarily by the need for protection against freezing in
the lowest ambient air temperature that will be
encountered. The concentration of ethylene glycol
must be at least 30% to afford adequate corrosion
protection.  The concentration must not exceed 67% to
maintain adequate heat transfer capability.

For heat exchanger cooling, antifreeze does only half
the job since it can only be used in the engine water
side of the heat exchanger.  There must be assurance
that the raw water source will not freeze.

9.6 Water Conditioning

Soft water should always be used in the engine
whether cooling is by radiator or by heat exchanger
Adding a commercial softener is the easiest and most
economical method of water softening.  Your local
dealer can recommend suitable softeners.
Manufacturers instructions should be carefully
followed.

10. FUEL SUPPLY (DIESEL)

A dependable fuel supply system must assure instant
availability of fuel to facilitate starting and to keep the
engine operating.  This requires, at a minimum, a
small day tank (usually incorporated into the generator
set baseframe - called a basetank) located close to the
set.  This day tank is often backed up by an auxiliary
remote fuel system including a bulk storage tank and
the associated pumps and plumbing.  Extended
capacity basetanks are also generally available for
longer operation prior to refuelling.  Especially for
standby generator sets it is not advisable to depend on
regular delivery of fuel.  The emergency that requires
use of the standby set may also interrupt the delivery of
fuel.

10.1 Fuel Tank Location

The day tank should be located as close to the
generator set as possible.  Normally it is safe to store
diesel fuel in the same room with the generator set
because there is less danger of fire or fumes with diesel
than with petrol (gasoline).  Thus, if building codes
and fire regulations permit, the day tank should be
located in the base of the generator set, along side the
set, or in an adjacent room.

Where a remote fuel system is to be installed with a
bulk storage tank,  the bulk tank may be located
outside the building where it will be convenient for
refilling, cleaning and inspection.  It should not,
however, be exposed to freezing weather because fuel
flow will be restricted as viscosity increases with cold
temperature.  The tank may be located either above or
below ground level.

AUXILIARY PUMP

HEAT
EXCHANGER
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10.2 Remote Fuel Systems

Three types of remote fuel systems are recommended
by the manufacturer:

Fuel System 1:  Installations where the bulk fuel
tank is lower than the day tank.
Fuel System 2:  Installations where the bulk fuel
tank is higher than the day tank.
Fuel System 4:  Installations where fuel must be
pumped from a free standing bulk fuel tank to the
day tank.

Fuel System 1:  The bulk fuel tank is lower than the
day tank. With this system the fuel must be pumped up
from the bulk tank to the day tank which is integrated
into the baseframe.  See figure 10.1.

Mechanica l
Fue l  Gauge

Figure 10.1: Typical Layout with Fuel System 1

The key components are the bulk fuel tank (item 1),
which is lower than the basetank, remote fuel system
controls (item 2) located in the generator set control
panel, an AC powered electric fuel pump (item 3), fuel
level switches in the basetank (item 4), an extended
vent on the basetank  (item 5), the fuel supply line
(item 6), the fuel return line (item 7), and a fuel
strainer (item 8) on the inlet side of the pump.

When set to automatic, the system operates as follows:
low fuel level in the basetank is sensed by the fuel level
sensor.  The pump begins to pump fuel from the bulk
tank to the basetank through the fuel supply line.  To
help ensure that clean fuel reaches the engine, fuel
from the bulk tank is strained just prior to the electric
fuel pump.  When the basetank is full, as sensed by the
fuel level sensor, the pump stops.  If there should be
any overflow of fuel in the basetank, the excess will
drain back into the bulk tank via the return line.

With this system, the basetank must include the
overflow (via the return line), a 1.4 metre extended
vent to prevent overflow through the vent, sealed fuel
level gauges on the basetank and no manual fill facility
All other connections on top of the tank must be sealed
to prevent leakage.  Fuel System 1 is not compatible
with the polyethylene fuel tanks sometimes used on

smaller generator sets.  The optional metal tank is
required.
The position of the bulk fuel tank should take into
account that the maximum suction lift of the fuel
transfer pump is approximately 3 metres and that the
maximum restriction caused by the friction losses in
the return fuel line should not exceed 2 psi.

Also available as an upgrade to the fuel transfer system
is a manual backup system.  Upon failure of the
automatic transfer system, the manual backup can be
used to transfer fuel from the main bulk tank to the
generator set basetank.  The key components in the
manual backup system are isolating valves (item 9),
manual fuel pump (item 10), and non-return valve
(item 11).  When the fuel level in the generator
basetank is low (as observed by using the mechanical
fuel gauge), open the manual pump isolating valves
and operate the manual pump.  When the required fuel
level is reached, cease operating the manual fuel pump
and close the isolating valves.

Fuel System 2:  The bulk tank is located higher than
the basetank.  With this system the fuel is gravity fed
from the bulk tank to the basetank.  See figure 10.2.
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Figure 10.2: Typical Layout with Fuel System 2

The key components are the bulk fuel tank (item 1),
which is higher than the basetank, remote fuel system
controls (item 2) located in the generator set control
panel, a DC motorised fuel valve (item 3), fuel level
switches in the basetank (item 4), an extended
vent/return line (continuous rise) on the basetank
(item 5), the fuel supply line (item 6), a fuel strainer
(item 7) and an isolating valve at the bulk tank (item
8).

When set to automatic, the system operates as follows:
low fuel level in the basetank is sensed by the fuel level
sensor.  The DC motorised valve is opened and fuel is
allowed to flow from the high level bulk tank to the
basetank by the force of gravity.  To help ensure that
clean fuel reaches the engine, fuel from the bulk tank
is strained just prior to the motorised valve.  When the
basetank is full, as sensed by the fuel level sensor, the
motorised valve is closed. Any overflow into the
basetank or overpressure in the basetank will flow back
to the bulk tank via the extended vent.
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With this system, the basetank must include an
overflow via the return line, sealed fuel level gauges
and no manual fill facility. All other connections on
top of the tank must be sealed to prevent leakage.  Fuel
System 2 is not compatible with the polyethylene fuel
tanks sometimes used on smaller generator sets.  The
optional metal tank is required.

Distance ‘A’ in Figure 10.2 is limited to 1400mm for
all generator sets with metal basetanks.

Also available as an upgrade to the fuel transfer system
is a manual backup system.  Upon failure of the
automatic transfer system, the manual backup can be
used to transfer fuel from the main bulk tank to the
generator set basetank.  The manual backup system
consists of a bypass with a manually operated shutoff
valve.  When the fuel level in the generator basetank is
low (as observed by using the mechanical fuel gauge),
open the manual shut-off valve in the bypass circuit.
When the required fuel level is reached close the
manual shut-off valve in the bypass circuit.

Fuel System 4:  Some installations may require a
system where fuel is pumped from a free standing bulk
tank (see Figure 10.3).  This pumped system would
only be used if gravity feed is not possible from the
bulk tank to the basetank.
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Figure 10.3: Typical Layout with Fuel System 4

The key components are the above ground bulk fuel
tank (item 1), remote fuel system controls (item 2)
located in the generator set control panel, an AC Fuel
Pump (item 3), a DC motorised fuel valve (item 4),
fuel level switches in the basetank (item 5), the fuel
supply line (item 6), an extended vent/return line
(continuous rise) on the basetank  (item 7), a fuel
strainer (item 8) and an isolating valve at the bulk tank
(item 9).

When set to automatic, the system operates as follows:
low fuel level in the basetank is sensed by the fuel level
sensor.  The DC motorised valve is opened and the
pump begins to pump fuel from the bulk tank to the
basetank through the supply line. To help ensure that
clean fuel reaches the engine, fuel from the bulk tank

is strained just prior to the motorised valve.  When the
basetank is full, as sensed by the fuel level sensor, the
pump stops and the motorised valve is closed. Any
overflow into the basetank or overpressure in the
basetank will flow back to the bulk tank via the
extended vent.

With this system, the basetank must include an
overflow via the return line, sealed fuel level gauges
and no manual fill facility. All other connections on
top of the tank must be sealed to prevent leakage.  Fuel
System 4 is not compatible with the polyethylene fuel
tanks sometimes used on smaller generator sets.  The
optional metal tank is required.

Distance ‘A’ on Figure 10.3 is limited to 1400mm for
all generator sets.  Note that the maximum restriction
caused by friction losses and height of the return line
should not exceed 2 psi.

Also available as an upgrade to the fuel transfer system
is a manual backup system.  Upon failure of the
automatic transfer system, the manual backup can be
used to transfer fuel from the main bulk tank to the
generator set basetank.  The key components in the
manual backup system are isolating valves (item 10),
manual fuel pump (item 11), and non-return valve
(item 12).  When the fuel level in the generator
basetank is low (as observed by using the mechanical
fuel gauge), open the manual pump isolating valves
and operate the manual pump.  When the required fuel
level is reached, cease operating the manual fuel pump
and close the isolating valves.

10.3 Tank Construction

Fuel tanks are usually made of welded sheet steel or
reinforced plastic.  If an old fuel tank is used, be sure it
is made of a proper material.  It should be cleaned
thoroughly to remove all rust, scale and foreign
deposits.

Connections for fuel suction and return lines must be
separated as much as possible to prevent re-circulation
of hot fuel and to allow separation of any gases
entrained in the fuel.  Fuel suction lines should extend
below the minimum fuel level in the tank.  Where
practical, a low point in the tank should be equipped
with a drain valve or plug, in an accessible location, to
allow periodic removal of water condensation and
sediment.  Or a hose may be inserted through the
tank's filter neck when necessary to suck out water and
sediment.

The filler neck of the bulk fuel tank should be located
in a clean accessible location.  A removable wire
screen of approximately 1.6 mm (1/16 inch) mesh
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should be placed in the filler neck to prevent foreign
material from entering the tank.  The filler neck cap or
the
highest point in the tank should be vented to maintain
atmospheric pressure on the fuel and to provide
pressure relief in case a temperature rise causes the
fuel to expand.  It will also prevent a vacuum as fuel is
consumed. The tank may be equipped with a fuel level
gauge - either a sight gauge or a remote electrical
gauge.

10.4 Fuel Lines

The fuel lines can be of any fuel compatible material
such as steel pipe or flexible hoses that will tolerate
environmental conditions.

Fuel delivery and return lines should be at least as
large as the fitting sizes on the engine, and overflow
piping should be one size larger.  For longer runs of
piping or low ambient temperatures the size of these
lines should be increased to ensure adequate flow.
Flexible piping should be used to connect to the engine
to avoid damage or leaks caused by engine vibration.

The fuel delivery line should pick up fuel from a point
no lower than 50 mm (2”) from the bottom of tank at
the high end, away from the drain plug.

10.5 Day Tank Capacity

The capacity of the day tank is based on the fuel
consumption and the expected number of hours of
operation that is requested between refills.  Particularly
with standby generators, the availability of fuel
delivery service will determine the number of
operating hours that must be provided for.  Don't
depend on quick service the very day your set starts to
operate.  A power outage may hamper your supplier's
operation also.

In addition, the size of the day tank should be large
enough to keep fuel temperatures down, since some
engines return hot fuel used to cool the injectors.
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11. SELECTING DIESEL FUELS
FOR STANDBY 
DEPENDABILITY

The types of fuels available for diesel engines, vary
from highly volatile jet fuels and kerosene to the
heavier fuel oils.  Most diesel engines are capable of
burning a wide range of fuels within these extremes.
The following information will assist you in selecting
the type of fuel that will afford the best overall
performance and reliability of your Generator Set.

11.1 Types Of Fuel Oil

The quality of fuel oil can be a dominant factor in
satisfactory engine life and performance.  A large
variety of fuel oils are marketed for diesel engine use.
Their properties depend upon the refining practices
employed and the nature of the crude oils from which
they are produced.  For example, fuel oils may be
produced within the boiling range of 148 to 371°C
(300 to 700°F), having many possible combinations of
other properties.

The additional contaminants present in low grade fuels
may result in darker exhaust and more pronounced
odour.  This may be objectionable in hospitals, offices
commercial and urban locations.  Thus, location,
application and environmental
conditions should be considered when selecting fuel.

The generator set owner may elect to use a low grade
fuel because high-grade fuels are not readily available
in his area or because he can realise a net saving with
low grade fuels despite higher engine maintenance
costs.  In that case, frequent examination of lubrication
oil should be made to determine sludge formation and
the extent of lube oil contamination.

Aside from the various grades of fuel oil commonly
used in diesel engines, aircraft jet fuels also are
sometimes used, especially in circumstances where the
jet fuels are more readily available than conventional
fuels.  Jet fuels are lower in B.T.U. content and
lubrication quality than conventional fuels.  As a
result, some diesel fuel systems must undergo major
modifications to accommodate this type of fuel.  For
use of jet fuel please consult your local dealer.

Reliable operation of diesel engines may vary from one
fuel to another, depending on many factors, including
fuel characteristics and engine operating conditions.

The fuels commonly known as high-grade fuels seldom
contribute to the formation of harmful engine deposits

and corrosion.  On the other hand, while refining
improves the fuel, it also lowers the
B.T.U. or heat value of the fuel.  As a result, the
higher grade fuels develop slightly less power than the
same quantity of low grade fuel.  This is
usually more than offset by the advantages of high
grade fuels such as quicker starts and less frequent
overhauls.  Before using low-grade fuels, therefore,
some understanding of the problems and extra costs
that may be encountered is necessary.

Fuels with high sulphur content cause corrosion, wear
and deposits in the engine.  Fuels that are not volatile
enough or don't ignite rapidly may leave harmful
deposits in the engine and may cause poor starting or
running under adverse operating conditions.  The use
of low grade fuels may require the use of high priced,
higher detergent lubricating oils and more frequent oil
changes.

11.2 Fuel Selection Guide

Specify fuel properties according to the following
chart.

Final
Boiling
Point

Cetane
Number
(Min)

Sulphur
Number
(Max)

Winter 290°C (550ºF) 45 0.5 %
Summer 315°C (600ºF) 40 0.5 %

Selecting a fuel that keeps within these specifications
will tend to reduce the possibility of harmful deposits
and corrosion in the engine, both of which could result
in more frequent overhauls and greater maintenance
expense.  Specify exact fuel properties to your local
fuel supplier.

11.3 Maintaining Fresh Fuel

Most fuels deteriorate if they stand unused for a period
of many months.  With standby generators it is
preferable to store only enough fuel to support a few
days or even only eight hours of continuous running of
the generator set so that normal engine testing will
turn over a tank full within a year and a half.

Other solutions are to add inhibitors to the fuel or to
obtain greater turnover by using the fuel for other
purposes.  A gum inhibitor added to diesel fuel will
keep it in good condition up to two years.

If the building furnace has an oil burner, it is possible
to burn diesel fuel in the furnace, connecting both the
engine and the furnace to the same tank.  In this way,
a large supply of diesel fuel is available for emergency
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use by the generator set, and the fuel supply is
continuously turned over since it is being burned in the
furnace.  Thus, there is no long term storage problem.

11.4 Self Contained Dependability

In some areas, where natural gas is cheap, natural gas
spark ignition engines are used in generator sets that
are intended for continuous service.  For standby
service, however, this is not recommended.  The
natural gas supply and regulation system adds
substantially to the complexity of the installation, and

there is little to be gained in terms of fuel cost over a
period of time.  More important, it makes the
emergency power less dependable.  Not only is such an
engine less dependable than a diesel, but often the
same storm or accident that disrupts the normal
electric power also cuts off gas service.  Thus, a
natural gas engine would be disabled at the very time it
is needed.  By contrast, a diesel engine, with its fuel in
a nearby tank, is a self contained system that does not
depend on outside services.  It is more dependable and
affords greater standby protection than systems which
depend on a public utility for fuel.
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12. FUEL SUPPLY (GASEOUS)

As with diesel generators, gaseous fueled generators
also require a dependable fuel supply system that
will ensure instant availability of fuel to facilitate
starting and keep the engine operating. In some
cases gaseous fueled generators can be fueled either
with natural gas or liquified propane gas (LP). Local
gas codes regulating the installation of such gas
supply systems vary widely, and therefore, local gas
distributors or installers must be consulted when
installing such systems. It is the responsibility of the
installer to ensure that all applicable regulations and
codes are complied with when installing a gas
supply system for use by a generator.

Gaseous fuel systems must be in compliance with all
relevant codes, standards and other requirements
concerned with the storage, piping, handling,
installation and use of these hazardous fuels. It is
also important that the generator set room is
properly ventilated according to gas regulations. Use
of a suitable leak detection system is also
recommended.

In most cases gas generators will be supplied with a
factory fitted fuel system. This will comprise of
components that will enable operation on one
gaseous fuel type, such as natural gas, LP vapor or
LP liquid. Some gas generators are also available
with dual fuel systems that will allow operation on
either natural gas and LP vapor or natural gas and
LP liquid. These factory fitted fuel system
components must be considered as only part of an
overall gas supply system. The installer is again
responsible for ensuring that the complete fuel
supply system is compliant with all applicable
regulations and codes.

12.1 Natural Gas Fuel System

Figure 12.1 illustrates a typical natural gas fuel
supply system (please note that other components or
system layouts may be required for compliance with
local gas codes and regulations). Natural gas is
usually piped from the main distribution system to
the generator site by the local distribution company.
The gas supply pressure in this piped supply will
vary from area to area and from distribution system
to distribution system and may be legislated by local
gas codes. A primary regulator is typically required
to reduce this piped gas supply pressure to a safe
working level before it enters the generator site.
This primary regulator can usually be obtained from
the local gas distribution company.

The primary regulator should be sized correctly to
give a maximum outlet pressure of 20” water
column and be of sufficient size to flow the specified
maximum gas volume required by a particular gas
generator at the required minimum dynamic
pressure (typically 7” water column). The optimum
natural gas supply pressure at the generator gas
connection point (at the edge of the baseframe) is
11” water column. An approved flexible gas fuel
line should be used for taking the gas supply to the
generator’s gas connection point. Manual shut-off
valves should be fitted at appropriate points in the
system and as specified by local gas codes and
regulations.

Flow of gas supplied to the generator gas connection
point is controlled by a solenoid shut-off valve. On
generator operation, this allows gas to flow through
the generator mounted secondary regulator to the
generator carburetor. The solenoid shut-off valve
automatically cuts-off gas flow during generator
shut-down. The fuel supply is also sealed off within
the carburetor when the generator is stopped.

If the B.T.U. content of the natural gas supply is
low, an increase in the minimum gas inlet pressure
to 15”  water will typically compensate for fuel
down to 900 - 950 BTU heating value. Natural gas
with even less heating value, e.g. in the 800 BTU
range, requires a special gas carburetor.
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Figure 12.1 Typical Natural Gas Supply System
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12.2 LP  Vapor Fuel System

A schematic indicating the typical main
components of this type of fuel system are
shown in Figure 12.2. An expansion section of
the LP storage tank allows the LP fuel to
expand from the liquid to the vapor state. The
expansion section of the tank typically
represents 10-20% of the total storage tank
volume. Expanded LP vapors are then
withdrawn from this section of the storage
tank and are supplied to the gas generator.

Ambient temperatures must be high enough to
provide adequate vaporization to sustain the
draw-off rate. If the draw-off rate is high and
ambient temperatures are low, the
vaporization rate may not be sufficient to
sustain the gas flow required. LP Vapor
withdrawal systems are therefore typically
suited for use with smaller engines. As a result
care should taken in matching LP storage tank
size for vapor withdrawal systems and
generator size.

As with the natural gas system the flow of LP
vapor supplied to the generator gas connection
point is controlled by a solenoid shut-off
valve. On generator operation, this allows gas
to flow through the generator mounted
secondary regulator to the generator
carburetor. The solenoid shut-off valve
automatically cuts-off gas flow during
generator shut-down. The fuel supply is also
sealed off within the carburetor when the
generator is stopped.

12.3 LP Liquid Fuel System

This type of system again utilizes LP fuel but
with liquid withdrawal instead of vapor
withdrawal as previously discussed. Liquid LP
is delivered directly to the generator where it
passes through a fuel shut-off valve (typically
operated via the engine manifold vacuum) to a
‘vaporizer-regulator’. The vaporizer-regulator
vaporizes the LP liquid fuel (using engine
coolant as the heat source) and provides a
regulated LP vapor supply to the generator
carburetor. A typical system is illustrated in
Figure 12.3.

12.4 Duel Fuel Systems

These systems allow operation on either
natural gas and LP vapor or natural gas and
LP liquid. Such systems are useful where there
is a possibility of failure of the piped natural
gas supply or where focused gas tariffs make
generator operation on natural gas excessively
costly during peak tariff periods. These dual
fuel systems are factory fitted and provide for
automatic changeover from natural gas
operation to LP vapor or LP liquid operation.
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Figure 12.2 Typical LP Vapor Fuel Supply System
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Figure 12.3 Typical Liquid Gas Fuel Supply
System

Figure 12.4 shows a typical natural gas / LP
vapor dual fuel system. The natural gas supply
pressure is monitored by a low pressure
switch. When this supply pressure drops
below an adjustable threshold level the LP
vapor solenoid shut-off valve is opened and
the natural gas solenoid shut-off is closed. The
LP vapor then flows through a dedicated
regulator to the engine carburetor.
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 Figure 12.4 Natural Gas / LP Liquid Dual
Fuel System

Figure 12.5 shows a typical natural gas / LP
liquid dual fuel system. Its operation is similar
to the dual fuel system already discussed. The
natural gas supply pressure is monitored by a
low pressure switch. When this supply
pressure drops below an adjustable threshold
level the natural gas solenoid shut-off is
closed. The loss in pressure in the natural gas
line causes the vaporizer-regulator to open,
permitting regulated LP vapor to flow to the
engine carburetor. LP liquid flow to the
vaporizer-regulator is controlled by a vacuum
operated shut-off valve.
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Figure 12.5  Natural Gas / LP Vapor Dual
Fuel System

12.5 Gaseous Fuel Lines

Gaseous fuel lines should be made of black
iron (sch. 40) and should be rigidly mounted
with protection against vibration provided for.
An approved flexible gas fuel line should be
used for connecting between rigid gas
pipework and the generator gas connection
point (typically at the edge of the generator
baseframe). Every effort should be made to
ensure that pipework is sized correctly to
provide an adequate gas supply for the
generator under all loading conditions.

The complete fuel system must be purged and
leak tested before being put into service with
further checks for leaks to be conducted
thereafter on a regular basis. Any leaks found
must be corrected immediately.


