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3. DEFINITIONS

3.1 AERATION

Oil Cooler Application Testing and Nomenclature
Charge Air Cooler Internal Cleanliness, Leakage, and Nomenclature

Exhaust Gas Recirculation (EGR) Cooler Nomenclature and Application

The entrainment of gas (air, combustion gas, or both) in the coolant.

3.2 AFTERBOIL

Boiling of the coolarlnt after engine shutdown. It is caused by an engine’s local metal surface heat

resulting in superheg

3.3 AFTERBOIL

ted coolant for the given coolant’s local concentration and pressure.

OLUME

The quantity of coolant forced from the engine by afterboil. This may or may not be displaced from th

upon the system deg
3.4 AIR-TO-BOIL
The ambient air te
boiling point is a fun
commonly used wit
radiator at sea level

3.4.1 Air-to-Boil T

specified tes
3.5 AIRRECIRCU
The recycling of air
3.6 AIR RECIRCU
The recycling of hot
3.7 AMBIENT CA

Similar to ATB, but

ign, coolant level, or both.
ATB) TEMPERATURE
tion of the absolute pressure and the characteristies of the coolant. However, t

out consideration for the absolute pressure of\the coolant characteristics. In {
pressure with water as coolant, a boiling point©f 100 °C (212 F) is assumed.

r}perature [°C or °F] at which the coolant at the radiator inlet reaches its boilin

emperature = Boiling temperature of;the system coolant - highest coolant
t + ambient temperature.

LATION - FAN

lready discharged by the fan.

LATION - RADIATOR

air already passedthrough the radiator, usually caused by engine enclosure pres
PABILITY

refers.to an air ambient temperature at which any of the fluids being cooled

flux into the coolant

e system depending

j point. The coolant
he term is also quite
he case of an open

temperature during

sure.

exceed their design

temperature limits

nder a specified operating cycle. For example, if four fluids are being g

ooled, the ambient

temperature at whictrtirefirstfturdreachesitsdesigrmtmit determimestheambient capabitity of theentire system.

3.8 AMBIENT TEMPERATURE

The environmental air temperature [°C or °F] in which a unit is operating. In general, the temperature is measured in the
shade (no solar radiation) and represents the air temperature for engine cooling system performance measurement
purposes. Air entering the radiator will usually be above ambient temperature due to the heat gained passing by hot

surfaces on its way t

0 the core or from recirculation.
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3.9 APPROACH TEMPERATURE DIFFERENTIAL

The temperature difference between hot-side fluid (coolant, oil, or charge air), and cold-side fluid (air or coolant) entering
the heat exchanger. This is a quantity indicating the temperature potential driving heat transfer in data supplied by the
heat exchanger supplier along with the heat transfer capacity of the heat exchanger.

3.9.1 Supplier dat
q’ is heat tran
U is overall he

A is the effecti

a usually comes in the form g’ = (U * A) * AT; where
sferred [kW or Btu/min]

at transfer coefficient [kW/m?/°C or Btu/min/ft*/°F]
ve core area [m? or ft°]

AT is temperature difference [°C or °F] expressed as either entering temperature difference or temperature potential
(common definition for radiator performance).

3.10 AUXILIARY T

ANK

A separate tank in fhe cooling system provided to perform one or more of the following functions:

reservoir, ¢) de-aeral
indication, including
or low coolant warni
of recovery system \
3.11 BLOCKED OH

A thermostat mechd
cooling tests.

3.12 BLOWER FAN

A cooling system c
theheat exchanger(s

3.13 COOLANT

In the context of this

fion, d) retention of coolant expelled from radiator by expansion, afterbojl, or both
add and full markings, and f) a warning of low coolant level either by an electroni
hg sensor. The term ‘burp bottle’ or ‘overflow bottle’ is sometimes used synonor
Vhich is non-pressurized.

EN THERMOSTAT

inically blocked open to the position representing its miaximum open position;

bnfiguration where the fan is positioned such that the air passes through the
. This configuration is sometimes called:a forced air flow system.

standard, coolant is the fluid-¢irculated through a cooling system by the pump, th

the hot surfaces of heat exchangers from the‘hot side fluid, as well as absorbing engine heat reject

surfaces as a result
the core of the radial
the coolant consists
oxidation. “Antifree
cooling system protg

e Lowering the f

[ ]
inside the eng
Adding galvan
and a surface

3.14

Df fuel combustion at high.temperatures. The heat is then dissipated to ambient 3

tor by the fan. The,coolant has other puposes in the case of engine cooling syst
of water plus a-rust inhibitor which protects iron parts of the engine and g

e” is most commonly added to water, either ethylene glycol or propylene glycol,

ction by:

reezing point'temperature for low ambient temperature conditions when the engin

Raising the bgiling point temperature to prevent localized boiling in areas of high temperatu

ne when operating a high load, high ambient temperature, or both.
ic.eorrosion protection for protection of cooling system parts_containing_coppe

a) filling, b) coolant
, e) visible fluid level
C fluid level indicator
hously with this type

usually used during

fan before entering

ht absorbs heat from
on from hot internal
ir circulated through
ems. At a minimum,
ooling system from
to provide additional

e is off.
e and low pressure

, brass, and solder;

coating on aluminum parts of the system to prevent oxidation.

Providing added lubrication for seals in the coolant pump.

COOLANT RECOVERY SYSTEM

A subsystem for the purpose of containing the coolant which is expelled from the system when it expands due to an
increase in the coolant’s bulk temperature. The recovery system consists of a tank that is partially filled and attached
using a vent line to the vent on a filler neck of a full and pressurized radiator. As the coolant heats and expands it forces
the radiator cap to open and allow fluid flow into the auxiliary tank. When the coolant cools, a vacuum is created forcing
the radiator cap to open and that draws fluid from the tank back into the radiator. A pressure-vacuum cap is required for
this type of system.
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3.15 COOLING SYSTEM

A group of inter-related components that effectively transfer heat for the purpose of keeping components and cooling
fluids below specified design temperatue limits.

3.16 COOLING SYSTEM CAP

Device that seals the opening used to add coolant to the pressurized section of the engine cooling system and regulate
the cooling system’s pressure level. A relief spring will move enough to open the seal at a specified pressure, allowing
coolant or pressurized air to flow out of the opening (either to the environment or an auxiliary tank), and prevent over
pressurization of the system that would cause structural damage or leakage elsewhere in the system. The opening
system pressure is determined by the OEM. In the case of recovery tank systems, a second spring reacting to vacuum
will also be included in the cap to allow flow to return to the cooling system from the auxiliary tank when the coolant cools
and contracts, and reaches a specified negative pressure below ambient atmospheric pressure

3.17 COOLING SYBTEM CAPACITY (VOLUME)

The amount of coolg cold full level mark.

This includes filling &

nt designated [liters or quarts] to completely fill a cooling system to itsdesignated
Il heat exchangers, lines, and a dry engine.

3.18 CORE
The section of a heat exchanger assembly that is comprised of the heat transfef.surfaces.
3.19 DE-AERATION

Dlant.

The removal or purg
3.20 De-aeration B
A barrier used to se

low coolant velocityf
introduced into the 4

ng of gases (air or combustion gas, or both) which"have been entrained in the co
hffle
parate chambers in a top tank or auxiliary tank to form a de-aerating tank. The

and surface area where entrained air can buoyantly separate from the liqu
ctive cooling system. This reduces the susceptibility of the coolant pump to cavi

urpose is to provide
d without being re-
tation and maintains

the coolant’s ability tp transfer heat from the engine.

3.21 DE-AERATION CAPABILITY

The ability of the cg
specified test proced

oling system to de-aerate the coolant expressed in terms of time, volume flow|rate, or both, under

ures.
3.22 DEAERATING TANK

A specially designed tank capable of removing entrained air, combustion gas, or both, from the circulgting coolant.

=N
IVl

3.23 DEGAS SYST

A subsystem that consists of a pressurized de-aerating tank, cooling system cap, and the hoses that connect the tank to
the cooling system. The degas system provides a volume for expansion of the coolant as it is heated, as well as a means
of de-aerating the coolant.

3.24 DRAWDOWN

The volume [liters or quarts] of coolant which can be lost before impairing the cooling system performance or grade
cooling level, by initiating pump cavitation and loss of pump rise, under normal operating conditions. Drawdown is often
expressed in the volume of coolant below the add mark where pump rise is a specified percentage below its normal
pressure rise with a full system at temperature below thermostat opening temperature.
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3.25 EXPANSION VOLUME

The volume of space in a cooling system (such as in the radiator top tank or auxiliary tank) that allows for the expansion
of coolant resulting from temperature rise.

3.26 FAN AIR FLOW

The rate of air flow [meters®/second or feet*/minute] that a fan can deliver at standard air temperature and pressure at a
given static pressure rise (also called air system resistance) [KPascals or inches water gauge] and rotating speed [rpm].

3.27 FAN PROJECTION

The fan's penetration into the shroud. Projection is defined as the fan’s projected width which lies upstream of the shroud
as a percentage of the tatal fan projected width in the case of a knife edge fan shroud

3.28 FACE AREA

The core area [mete}s” or feet’] defined by the radiator width times height through which the ‘air flow gasses.

3.29 FACE VELOQITY
The velocity of air

determining the core
standard face veloci
face velocity at STP

approaching the heat exchanger core [meters/second or ‘feet/minute]. Face
’s heat transfer performance and must be stated at standard temperature and pr|
ly. This is because the radiator supplier’s performange\is provided as a function

velocity is used for
pssure (STP), called
of coolant flow and

3.30 FAN DRIVE
A set of component$ between the engine and fan hub which causes the fan to rotate. Drive types ificlude: a) belt drive
with fan speed propdgrtional to engine speed, b) belt drive with'a clutch attached between the driven pulley and fan hub, c)

hydraulic pump and motor, and d) electric motor.

3.31 FAN DRIVE - TEMPERATURE CONTROLLED

A fan drive which c3

in be turned on or off or whose speed can be modulated in accord with an inp

passive operation b

conditioning operatipn or other fluid temperatures requiring cooling). The purpose of the drive is tg

required for cooling,
reduce fan input po
shear area (labyrinth
the engine or other ¢
inputs such as cool
temperature and/or
determine the input

hsed on temperature eonditions of the circulated air, actively commanded on such as a call for air
operate the fan as
but when cooling demands permit, allows the fan speed to be reduced or the [fan to free-wheel to
ver and noise.« Viscous clutches control fan speed by controlling the flow of viscous fluid within the
). Some fandrives are magnetic or pneumatic on/off devices whose function ig controlled by either
ontroller./There are various types of variable speed drives, independent of enging speed that can use
bnt temperature, A/C refrigerant pressure, ambient air temperature, vehicle spged, transmission oil
gear ‘state, Charge-Air-Cooler (CAC) inlet or outlet temperature, turbo boost pfessure or others to
fo-the variable speed fan drive. Types of fan drives include: a) Dry Clutch, b) Wet Clutch, c¢) Viscous

Shear Coupling, d) [

3.32 FAN DRIVE - TORQUE LIMITING

A fan drive system which limits the maximum fan speed when the fan’s power absorption exceeds the drive’s torque
transfer ability. A means of torque limiting is accomplished with a hydraulic drive utilizing fixed displacement pump and
motor, with a pressure relief valve at the motor. Since motor displacement times pressure is converted into torque, and
fan input torque is proportional to the square of speed, maximum fan speed is clipped when the required pressure
reaches relief pressure. The same holds true for an electrically driven system when the required power exceeds the fan
motor size for a given speed, or the torque limit is reached on a conventional viscous clutch drive system.

3.33 FILL RATE

The coolant flow rate, [liters/second or gallons/minute], that an empty cooling system will accept up to the full mark
without overflowing.
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3.34 FLOW RATE,

CHARGE AIR

The rate of flow of high temperature compressed air from a turbocharger compressor under specified operating
conditions, expressed as either volumetric flow rate [liters/second or ft*"3/min], or mass flow rate [kilograms/second or

pounds/minute]

3.35 FLOW RATE,

COOLANT

The rate of flow of coolant through a cooling system component or group of components under specified conditions,

expressed as either volumetric flow rate [liters/second or gallons/minute], or

pounds/minute].

3.36 FLOW RATE,

The flow rate of non-

LIQUID
coolant liquid through a coaoling system or group of components under specified

mass flow rate [kilograms/second or

condtions expressed

as either volumetric
Examples are engin
coolant-liquid heat e

3.37 FREE FLOW

Water flow rate expr
a radiator tested in
pressure relief valve
manufacturing quali
internally.

3.38 GRADE COO

flow rate [liters/second or gallons/minute], or as mass flow rate [kilograms/secon
e oil, transmission oil, hydraulic oil, brake oil, etc. These fluids may be cooled
xchangers, or by fan air flow in the case of liquid-air coolers.

its installed position while maintaining water at atmosphetic \pressure at seat
for a downflow radiator, or at highest point on inlet tank fora crossflow radiator.
y control purposes, and for checking radiators that hdve been in service wh

LING LEVEL

The cooling differential or air-to-boil value obtained while maintaining a specified speed of ascent on

and length grade.
3.39 HEAT DISSIP

The quantity of heal
conditions of hot ang

3.40 HIGH AMBIEN

The standard produg
without overheating

ATION

[kilowatts or British thermal(units/hour] that a heat transfer component dissip
cold side mass flow rates and temperature differential.

[T COOLING PACKAGE

or reliability problems. The standard design will assume an ambient air temperg

low percentage of p

duct sales\may be sold in higher ambient, higher altitude or more severe operat

the standard cooling package.will run hotter. Rather than adding the cost of a cooling system on the
meet these more dgmandihg conditions, a higher capacity cooling package may be offered as an ¢

accordingly.

In the |autamotive case this may be called a ‘Heavy Duty Cooling Package’.

In the

equipment it may belcalled-a ‘I—Iigh Ambient r‘nnling Dar\llngn'

] or pounds/minute].
Dy engine coolant in

pssed as volume flow rate [liters /second or gallons/minute], atia‘specified water temperature, through

of pressure cap (or
This rate is used for
ch may be clogged

a particular percent

htes under specified

t equipped with a-cooling system will be advertised to operate up to a maximum @ambient temperature

ture and altitude. A
ng conditions where
standard product to
ption and be priced
case of off-highway

341
The time required to

3.42

IDLE TIME TO BOIL

boil the coolant while idling following other specified conditions.

INLET RESTRICTION (COOLANT PUMP)

The difference between the pressure [Pascals or inches of water] of the coolant at the pump inlet under no flow
conditions, and the pressure under full flow conditions with the thermostat blocked fully open. Inlet restriction values are
given with the cooling system cap removed.
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3.43

The temperature [°C

INLET TANK TEMPERATURE

or °F] of coolant entering the radiator inlet.

3.44 INLET TEMPERATURE DIFFERENTIAL (ITD)

The inlet temperature difference [°C or °F] between the hot and cold fluids entering a heat exchanger.

synonomous with en

tering temperature difference (ETD).

3.45 LIMITING AMBIENT TEMPERATURE (LAT)

This is

The ambient air temperature at which the engine coolant outlet temperature reaches the maximum allowable design

temperature.

3.45.1 LAT = Maxin
3.46 LOW FLOW
A cooling system wik
full engine coolant f
radiator size, and g
exchangers in the e

3.47 MULTI PASS

A heat exchanger
counterflow, parallel

3.48 OPEN RADIA
A radiator tank that i
3.49 OUTLET TAN

The temperature [°C
any device located i

3.50 OVERFLOW
See "Auxiliary Tank'
3.51 OVERHEATIN

An operating condit

1

OOLING SYSTEM

ich under normal conditions operates at a coolant flow through the.radiator of s
ow rate. This increases the AT of the coolant across the radiaton, which can |
Iso provides lower-than-normal coolant temperatures to beneficially cool othg
gine cooling system, such as a charge air cooler.

HEAT EXCHANGER

hat is configured so that either fluid passes across or through the core m
flow, or crossflow direction to the other fluid.

TOR TANK
5 open to atmospheric pressure.
K TEMPERATURE

or °F] of the coolant leavihg'the radiator outlet. This would include any temperat
the radiator outlet tank.

OTTLE

G

oh-where coolant, other liquid, or a component exceeds its design temperatu

num engine coolant outlet temperature — engine coolant outlet temperature + aml&ient air temperature

gnificantly less than
ermit a reduction in
r liquid-cooled heat

bre than once in a

Lire gain or loss from

e limit. This may be

caused by a deficie
cooling system.

Ty 1 the Cootmng SYStEN O Dy Ooperatng conaitions that exceed the designm p

3.52 PRESSURE DROP

int conditions of the

The difference in pressures [Pascals, inches of water, or psi] measured between the inlet and outlet of a heat exchanger
or any other component in the cooling circuit at a given flow rate through that component.

3.583 PRESSURE RELEASE MECHANISM

A device that when activated, allows the pressure in a cooling system to be released, synonymous with pressure relief

valve.
exceeding a specifi

ed pressure.

In the case of the radiator cap, the pressure relief is intended to protect the entire engine cooling system from
Bypass relief valves between the inlet and outlet of individual heat exchangers,

particularly on the oil side of a liquid-liquid heat exchanger (engine, transmission, etc.), allow flow to bypass the heat
exchanger and prevent structural damage or outside leakage in condtions where the oil is cold and viscosity high.
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3.54 PUMP CAVITATION

The formation of coolant vapor bubbles in the pump’s inlet cavity up to and on the impeller which reduce the pump mass
flow. Cavitation occurs when the local static pressure of the coolant drops below the vapor pressure of the coolant for a
given local temperature. This usually occurs in areas of high coolant velocity where the increase in dynamic pressure
results in an equivalent drop in static pressure.

3.55 PUMP CAVITATION PRESSURE

The static pressure [Pascals or inches of water] of the coolant at the pump inlet at which the optimum pressure rise across
the pump at a given speed, coolant temperature, and flow rate is reduced by a specified percentage (e.g., 10%). . Itis
also defined as NPSHR (Net Positive Suction Head Required). The pressure requirement will vary based on pump
design, operating speed, coolant temperature and physical properties.

3.56 PUMP CAVITATION TEMPERATURE
The temperature [°G or °F] of coolant at the pump inlet at which the optimum pressure rise across the pump at a given
speed, pump inlet piessure, and flow rate is reduced by a specified percentage (e.g., 10%). The temperature requirement
will vary based on pymp design, operating speed, coolant temperature and physical properties.

3.57 PUSHER FAN

A cooling system donfiguration used in automotive applications where the'fan is positioned ugstream of the heat
exchanger(s) and dgwnstream of the grille. The term is still in agreement with.the definition of a BLOWER FAN.

3.58 RADIATOR AIR RESTRICTION

The fan cooling air gressure drop [Pascals or inches of water], acfoss a radiator core at a specified rate of air flow and air
density.

3.59 RADIATOR AIR BAFFLE

Various types of barfiers used to enclose or direct air through the radiator to minimize air recirculation
3.60 RADIATOR CAP

A cooling system cap that is located on the:fadiator.

3.61 RADIATOR CPOLING POTENTIAL

The temperature differential [fCyor °F] between the air temperature entering the radiator and the avgrage temperature of

coolant in the radiatpr, usually under stabilized conditions. The average temperature is defined by the radiator inlet and
outlet temperatures.

3.62 RADIATOR SHIFHERS

These devices are located ahead of or behind the heat exchangers were used in the past to a) speed warm-up of the
engine coolant and/or b) control coolant temperature by restricting or regulating airflow through the radiator. Shutters are
typically actuated today by electric actuators (cars) or by hydraulic or pneumatic actuators (heavy duty trucks and off-road
equipment). The blockage of air flow is intended to prevent overcooling of the engine by heat loss off the surface of the
engine, and keep coolant temperature up for the heater circuit. This is especially useful in cold ambient conditions when
the engine thermostat spends much of the operating time regulating coolant to fully bypass the radiator. More recently,
shutters have been used to block airflow through the vehicle grille (and over the rough under-hood and underbody
surfaces) to improve fuel economy by reducing drag coefficient (Cp). For this function, the shutters are used, especially at
highway speed to limit the grille airflow to only the minimum that is required to satisfy the needs of various vehicle
systems.
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