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Definitions

Pre-Heat System—A heating system designed to heat an engine from a cold soaked condition at a selected
ambient temperature and wind velocity effect, to an acceptable start temperature.

Standby Heat System—A heating system designed to prevent engine heat from dropping below an
acceptable start temperature. This heating system must also be designed for a selected ambient temperature

and wind ve

PoV-Y1.W]

Heater Typd

Gasoline ar
combination
and controls

heater is ustially selected to operate on the same fuel as the engine it is heating.

Propane Fi
exchanger,
off in case o
powered fro

a propane fank (from 2.7-18 kg (6-40 Ib)) capacity dependent on heater size, a pressur

connection {

Gravity Cirg
that there is
hose to the
engine oper
resistant (sil
heater instal

Forced Cirg

coolant retufn hose line. The forced circulation system is required when locations available fo

the heater W

]:ed—A typical propane fuel fired heater consists of alburner nozzle, a tank d

aoffact
U\.'Il.y CITOUUL
s
d Diesel Fired—A typical gasoline or diesel fuel fired heater consists of 3

combustion chamber and heat exchanger, a 12 or 24 V DC motordriven combd
to regulate the temperature, meter the fuel, and start/stop the heater. A gasoline

nd controls to regulate the temperature, meter the fuel,)start/stop the heater, an
flame or burner failure. The burner may be lit manually or may be equipped with

M the machine electrical system. A propane fired.heater requires auxiliary equipm
Libing and hose. See Figure 1 for typical cehfiguration and size data.

ulation Type—In the gravity circulatiern’or thermosiphon system, the heater mus
a rise upward from the heater to the engine block and a fall or downward slope i
heater return. An automatic back-flow shut-off to prevent by-passing coolant flg

cone or equivalent) connecting hoses are recommended. See Figure 2 for a typi
ation and Figure 3 for typical gasoline and diesel fired heater installation.

ulation Type—This._system includes a coolant circulating pump which is usuall

ill not permitythie use of the gravity circulation system. An automatic back flow s

low temper

4 for a typical forced-circulation heater installation.

Selection

ure fuel and oil resistant (silicone or equivalent) connecting hoses are recommen

burner unit, a
stion air blower,
br diesel burning

r coil type heat

provide a shut-
n electric igniter
ent consisting of
e regulator, and

-

t be installed so
n the connecting
W during normal

ation should be installed between the engine and the heater. High/low temperajure, fuel and oil

cal propane fired

installed in the
the mounting of
hut-off and high/
Hed. See Figure

iteria

Heater Size—Gasoline and diesel fuel heaters are available in output capacities from approximately 3 kW
(10 000 Btu/h) to 26.5 kW (90 000 Btu/h). Propane fired heaters are available in input capacities from 1 kW
(3400 Btu/h) to 7.6 kW (26 000 Btu/h).

Selection—There are many variables such as lowest expected ambient temperature, wind velocity effect, time
allowable for heating, etc., which must be considered by the application engineer when selecting a heater and
designing a specific heating system. These factors are not considered within the scope of this report.
However, two simple methods are recommended for the initial selection of heater size for the pre-heat and
standby heat systems.
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TABLE 1—

Engine Coolant
Temperature Rise

Engine Coolant
Temperature Rise

Engine Coolant
Temperature Rise

Engine Weight (°C/h) (°C/h) (°C/h)
(kg) 25° 50° 75°
50 100 200 300
100 200 400 600
150 300 600 900
200 400 800 1200
oUU OUVU 1ZUU 10OUU
400 800 1600 2400
500 1000 2000 3000
750 1500 3000 4500
1000 2000 4000 6000
2000 4000 8000 12 000
2500 5000 10 000 15000

TABLE 2—

Engine Coolant
Temperature Rise

Engine Coelant
Temperature Rise

Engine Coolant
Temperature Rise

Engine Weight (°F/h) (F/h) (°F/h)
(Ib) 50° 100° 150°
100 420 680 1000
300 1260 2040 3000
500 2100 3500 5000
750 3150 5100 7500
1000 4200 6800 10 000
1500 6300 10 200 15 000
2000 8400 13 600 20 000
2500 10 500 17 000 25 000
3000 12 600 20 000 30 000
4000 16 800 27 000 40 000
5000 21 000 40 750 50 000

Pre-Heat System-<Tablesl and 2 are recommended to determine the heater size required|to heat a diesel
engine from|a cold_soaked condition to a start condition in a specific time. The heat output nequirements are
based on the @ry weight of the engine block and the approximate coolant temperature obtairjable after 1 h of
heating. Tabte-t—showstherequirementsinStumits(W)—Tabte2-showsthereguirementsmBGS inch/pound

units (Btu/h).

Standby Heat System—A fuel burning pre-heater may also be used to provide standby heat. The amount of
heat output required to maintain the temperature of an already hot engine is much less than that required for
pre-heat. However, when selecting a fuel burning heater for standby heat, the electrical consumption of motors
and controls must be considered to ensure the battery capacity will be sufficient for the standby period. The
following formula is based on engine displacement and an ambient air temperature of - 30°C (- 22°F).

S| Units

Engine displacement in cubic centimeters

3412 (Ea- 1)

Capacity in kW =
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6.1

6.2

6.3

6.4

Sample Calculation—To maintain the heat in a 16 387 cm?® displacement engine requires

heater output.

BGS Inch/Pound Units

Capacity in Btu sh = Engine displacement in cubic inches x 16.5

16 387
12

= 4.8 kW

(Eq. 2)

Sample Calculation—To maintain the heat in a 1000 in3 displacement engine requires 1000 x 16.5 =
16 500 Btu/h heater output.

Installation

Guidelines

Heater Mouhting—The heater should be mounted on the machine chassis preferably

compartmen
heater must
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Fuel Systen
the heater s
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the fuel syst

Exhaust Sy
leakage to p
combustible
maintaining

from the cah

oil sumps, tjansmission housings, battery compartments, etc. This practice is not recomme

the dangert
moisture in

t as close to the engine block as possible to prevent heat loss. To prevent vibrati
not be mounted on the engine. If mounted outside the engine compartmient, sy
vided from wind and blowing snow. The location selection must provide cleal
of adjacent materials and to provide sufficient air supply for efficCient operati
5tem must be designed to isolate the heater from the vibration and shock inheren
specially track mounted. On gravity circulation type heaters, the’mounting locatio
elative to the engine block to provide proper coolant flow. The location of the con

are critical. The engine manufacturer should be consulted regarding the co

n—Gasoline and diesel fuel should be filtered to.protect the heater fuel metering
ystem does not have a fuel filtering device, itis good practice to flush the line
bcting it to the heater. Low temperature hose compatible with the fuel supply i
5 and loops which could cause water trapsiwith consequent blockage due to freez
ms, the fuel tank should be mounted ei‘the chassis away from the engine comp3
hd protected location. Under extreme low ambient temperatures (below - 30
keep the propane tank in a warm-storage area to ensure there is sufficient vapo
hen the heater is required. Leaky fuel lines are a dangerous fire hazard. To mini
bms, especially gasoline anhd'propane, must be inspected regularly.

stem—Connections_petween the heater and the exhaust line must be secure an
rotect operating, maintenance, and other personnel. Ensure that the exhaust ling
materials and that exposed lines which can be contacted by personnel wh
the machine-or-heater system are adequately insulated. The exhaust discharge

in the engine
bn problems, the
itable protection
ance to prevent
bn.  The heater
in off-road work
N must be as low
hections into the
plant connecting

devices. When
with filtered fuel
recommended.
ng. On propane
rtment in a well-
°C), it may be
[ pressure to fire
mize the danger,

l have minimum

is isolated from
ile operating or
must be isolated

air intake"and heater air intake. The engine heater exhaust has been used to he

D operators from lethal gases, the corrosive effects of the exhaust residue, and the

used, corrost

he-exhaust condensing, freezing, and blocking the engine line. However, if e

At areas such as
ded because of
possibility of the
haust heating is
are not normally

designed for the high pressures necessary for long exhaust lines, the heater manufacturer must be consulted

for the desig

n limits on the specific exhaust system.

Antifreeze—The engine cooling system should be filled with an antifreeze solution. Refer to SAE J814 and
SAE J1034 for information on the selection of antifreeze solutions and the water/antifreeze percentages
required for specific ambient temperatures.
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