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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Internal combustion engines used in regulated environments are fitted with cooled exhaust gas
recirculation (EGR) to reduce NOx and improve fuel consumption. The EGR cooler receives gas from
the exhaust system and gas is cooled by cooling liquid. This document provides manufacturers with a
standardized method of measuring heat dissipation performance of the EGR cooler.
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INTERNATIONAL STANDARD ISO 21441:2019(E)

Road vehicles — Engine EGR cooler — Heat dissipation
test methods

1 Scope

This document defines the methodology for the measurement of heat dissipation and pressure loss of

liquiﬂsmedmﬁmmmmmﬂwﬂwmmm:iples of this
document are valid for clean and fouled EGR coolers.

2 Normative references

Therk are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

EGR
techpology that recirculates a portion offan engine's exhaust gas back into the intake to control the
concentration of oxygen taken into the\engine

3.2
EGR|gas
gas that has been extracted from the exhaust gas and is passed through the EGR cooler (3.5]) core (3.14)

3.3
test gas
pressurized air or<exhaust gas made by burners used in place of real EGR gas (3.2) durjng the heat
dissipation perforfiiance test and when measuring EGR gas pressure loss (3.10)

34
cooling liquid
water or coolant mixture during the heat dissipation performance test and when measuring cooling

liquidpressuretoss{33H
3.5
EGR cooler

liquid cooled heat exchanger for cooling the EGR gas (3.2)

3.6
EGR gas heat dissipation amount
amount of heat lost by the test gas (3.3) during the heat dissipation performance test

Note 1 to entry: The EGR gas heat dissipation amount is expressed in kilowatts (kW).

© IS0 2019 - All rights reserved 1
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heat dissipation amount

amount of heat lost after the EGR gas heat dissipation amount (3.6) is corrected for the inlet temperature
difference between both fluids (3.8) as defined upon the agreement by the parties concerned

Note 1 to entry: The EGR cooler heat dissipation amount is expressed in kilowatts (kW).

3.8

inlet temperature difference between both fluids
difference between the inlet temperature of the test gas (3.3) and the cooling liquid (3.4) that pass

through the

EGR cooler (3.5) core (3.14)

Note 1 to ent

3.9

EGR gas ter
ratio of the
with respec

Note 1 to ent

3.10

EGR gas pr¢
static pressi
dissipation

Note 1 to ent

Note 2 to ent
conditions an

3.11
cooling liqy

y: The inlet temperature difference between both fluids is expressed in Kelvin (K).

hperature effectiveness
temperature difference of the test gas (3.3) between the EGR cooler (3.5)\outlet and
E to the difference of the inlet temperature between both fluids

Fy: The EGR gas temperature effectiveness is expressed as a percentage (%)

pssure loss
ire difference of the test gas (3.3) between the EGR cooler;(3.5) outlet and inlet during
br no heat dissipation

y: The EGR gas pressure loss is expressed in kilopascals (kPa).

'y: Total pressure difference can be used behalf of static pressure difference in case of measurg
e agreed by the parties concerned.

jid pressure loss

static pressiire difference of the cooling liquid(3.4) between the EGR cooler (3.5) outlet and inlet

Note 1 to ent

Note 2 to ent
conditions an

3.12
EGR gas md
mass flow r

Note 1 to ent

3.13

Fy: The cooling liquid pressure loss is expressed in kilopascals (kPa).

'y: Total pressure difference.can be used behalf of static pressure difference in case of measurg
e agreed by the parties concerned.

ss flow rate
ite of the testgas (3.3) that passes through the EGR cooler (3.5) core (3.14)

y: The EGR)gas mass flow rate is expressed in kilograms per second (kg/s).

cooling liqy

1id-mass flow rate

mass flow r

te-of thecooting tiquid (32 thrat passes througih the EGR cooter {3-5 ) core t3-1%)

Note 1 to entry: The cooling liquid mass flow rate is expressed in kilograms per second (kg/s).

3.14
core
part at whic

h heat is exchanged between the EGR gas (3.2) and the cooling liquid (3.4)

4 Testitems

This test evaluates the following items:

a) EGR gas heat dissipation amount or EGR gas temperature effectiveness;

inlet

heat

ment

ment
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b) EGR gas pressure loss;

c) coolingliquid pressure loss.

5 Testsetup

5.1

Test conditions

The EGR cooler, test gas, cooling liquid, and test location conditions are shown as follows.

In th
conc

a) |

.

q
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brned.
EGR cooler:

[he EGR cooler consists of main components such as the core, tank, flanges;and pipe
upplementary parts. An example is shown in Figure 1.

2

o Io

4

1 E
4T

A 4

7 the parties

s, as well as

Key

AW N R

flange
tank
pipe
core

NOTE The inlet and outlet flange can have a different flow through the cross-sectional area.

© ISO

Figure 1 — EGR cooler (example)
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b) Test gas:

Tests shall be run with a test gas inlet temperature, an inlet pressure and a mass flow rate that are

defined

c) Cooling

upon the agreement by the parties concerned.

liquid:

Water used in the cooling liquid should be demineralized or treated. In the case of using a coolant
mixture as the cooling liquid, the coolant type and properties of the mixture should be documented.
The used fluid shall be regularly checked to confirm that the coolant mixture or properties haven't
changed.

d) Testloc

Unless
normal

htion:

therwise specified, the test location shall be kept at room temperature (5 °C te,35 °C
relative humidity (20 % to 85 %).

5.2 Test ¢quipment

5.2.1 Genleral test equipment

The test equipment shall be set up so that it can accurately measure the measurement items in 6.1.

the perspec
open type a
equipment,

five of the test gas side structure, the test equipment can bé poughly divided into two t
hd sealed type. Both types consist of test gas and cooling liquid circuits. For sealed typ
the test gas inlet pressure shall be set upon the agreement by the parties concerned.

and

From
ypes:
b test

© ISO 2019 - All rights reserved
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EGR cooler
flow meter
thermometer

ressure gauge
ifferential pressure gauge
ump
ow control valve

temperature controller
ressure control valve

i[eater

blower

hot water tank

ooling liquid side.

Test gas side.

Test gas.

pen to atmospheric air.

Figure 2 — Test equipment (open type)
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Key
EGR cooler
flow meter
thermorleter

pressure| gauge
differential pressure gauge
pump
flow confrol valve

temperafure controller

O© 00 N O U1 B W N -

pressure regulator

—_
[}

heater

[y
[y

blower

[uy
N

compresgor

[uy
w

hot watefr tank

[}

Cooling liquid side.

o

Test gas pide.

Eigure 3 — Test equipment (sealed type)

5.2.2 Test gas circuitequipment

The test gas|circuit'equipment shall be set up as follows.

a) The magsflow rate of the test gas that passes through the EGR cooler shall be adjustable.

b) The test gas inlet temperature shall be adjustable over the entire range of the test.

c¢) The measuring instrument of the test gas inlet pressure and the test gas differential pressure
between the outlet and the inlet shall not be affected by the dynamic pressure and shall be
connected so as not to disturb the flow of the test gas as much as possible.

5.2.3 Cooling liquid circuit equipment
The cooling liquid circuit equipment shall be set up as follows.

a) The mass flow rate of the cooling liquid that passes through the EGR cooler shall be adjustable.

6 © IS0 2019 - All rights reserved
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b) The coolingliquid circuit piping and hot liquid tank shall be designed not to take in any air or steam,

or there should be a separation tank.

c) The cooling liquid pump shall be designed so that cavitation does not occur.

d) The cooling liquid circuit shall be able to dissipate the amount of heat it receives over the entire

range of the EGR cooler heat dissipation.

e) Excessive heating temperatures that may degrade the coolant shall be avoided.

5.3 Measuring instruments

Errofs of the measuring instruments used in the test shall be within the values shown-iy
both|the test gas side and the cooling liquid side. Calibration shall be carried out prioxtote

Table 1 — Measuring instrument error

Measuring instrument

Instrumental error

Test gas flow meter

+2 % of the measured value

Cooling liquid flow meter

+2 % of the measured value

Test gas inlet thermometer

+(0,3 + 0,005 x measured temperature) K

Test gas outlet thermometer

+1,5K

Cooling liquid thermometer

+0,3K

Differential pressure gauge

+5 9% of the measured value

Pressure gauge

+3 9% of\the€ measured value

) Table 1 for
sting.

6 Testand measurement methods

6.1 | Test methods

In thle same manner as the examples of the test equipment shown in Figures 2 and 3, the¢ EGR cooler
should be connected to both the test gas circuit and the cooling liquid circuit. The test and measurement
metHods are shown as follows.)Test conditions shall be decided upon the agreement by| the parties
concgrned.

6.1.1 Test with heatdissipation

Meagurement of‘the mass flow rate, temperature, and pressure for both fluids that is|required to
calcylate both-the EGR cooler heat dissipation and the pressure loss for both fluids shall bg carried out
while the EGRCooler is in a state where it is dissipating heat. I[tems to be measured during the test are
shown in Table 2.

Table 2— Ttems to be measured (EGR cooler heat dissipation amount, EGR gas pressure loss
and cooling liquid pressure loss)

Measurement item Unit

Atmospheric pressure kPa abs

Test laboratory temperature °C

Test gas humidity g (water)/kg (dry air)

Test gas inlet temperature °C

Test gas outlet temperature °C

Test gas inlet static pressure kPa abs

NOTE In the case of open type test equipment, the test laboratory humidity can
be used as the humidity of the test gas except exhaust gas.

© IS0 2019 - All rights reserved 7
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Table 2 (continued)

Measurement item Unit
Test gas differential pressure between outlet [kPa
and inlet

Test gas mass flow rate kg/s
Cooling liquid inlet temperature °C
Cooling liquid outlet temperature °C
Cooling liquid inlet static pressure kPa abs
Cooling liquid differential pressure between |kPa
outlet and inlet

Cooling liquid mass flow rate kg/s
NOTE In the case of open type test equipment, the test laboratory humidity can
be used as the humidity of the test gas except exhaust gas.

6.1.2 Test without heat dissipation

Measurement of mass flow rate and test gas pressure that is required to calculate the EGR gas pregsure
loss shall bg carried out while the EGR cooler is in a state where it is not dissipating heat. Iltems fo be

measured dring the test are shown in Table 3.

6.2 Meas
Each item of

a) measur

Table 3 — Items to be measured (EGR gas-pressure loss)

Measurement item Unit

Atmospheric pressure kPa abs

Test laboratory temperature °C

Test gas humidity g (water)/kg (dry air)
Test gas inlet temperature °C

Test gas outlet temperature °C

Test gas inlet static pressure kPa abs

Test gas differential pressuire between outlet [kPa

and inlet

Test gas mass flow rate kg/s

NOTE In the cdse,of open type test equipment, the test laboratory humidity can
be used as thehumidity of the test gas except exhaust gas.

urement method
the measurement is conducted under the following conditions:

biient number: five times minimum;

b) total measurement duration: 30 s minimum;

c) stable condition: refer to Table 4.

© ISO 2019 - All rights reserved
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Observation time 100 s minimum
Test gas Inlet side Temperature +5 K (=400 °C)
+8 K (>400 °C)
Pressure +2,0 %
Flow rate +2,5%
Outlet side Temperature +2K
Cooling liquid Inlet side Temperature +1K
PTessure 2,09
Flow rate +2,5%

6.2.1 Flow rate measurement

Flow|rate measurement shall be carried out as follows.

a) The test gas mass flow rate shall be measured after confirming that the test gas h3
gtable state of flow.

b) The cooling liquid mass flow rate shall be measured after €onfirming that the coolin
feached a stable state of flow.

c) The flow rate measurement shall be preferably carpied out by means of mass f

Dtherwise, if a volumetric flow meter is used, measure the test gas and cooling liquid {
dnd pressure at the vicinity of the flow meter in.otder to calculate the mass flow rate.

6.2.1 Temperature measurement

Temperature measurement shall be carried out as follows.
a) hen measuring the test gas temperature of the inlet and the outlet, the measurem
hall be selected so as not to affect the pressure measurement taken and the temper:
is placed where it can contrelthe target of the inlet temperature. One or more sensors
ut at least two measurement positions at same cross section are recommended.
b) When measuring thé ¢ooling liquid temperature of the inlet and the outlet, the m

6.2.3 Pressure measurement

Pressuresmeasurement shall be carried out as follows.

a)

b)

position shall be sel€¢ted so as not to affect the pressure measurement taken and the {
gensor is placed-where it can control the target of the inlet temperature. One or more

s reached a

g liquid has

ow meters.
emperature

ent position
iture sensor
can be used,

easurement
emperature
Sensors can

Ibe used, but ableast two measurement positions at same cross section are recommendgd.

When measuring the test gas static pressure of the inlet and the outlet, the static pressure should be
measured at a fully developed flow. A fully and undisturbed developed flow can be considered with
a straight length of at least 3 times (Lyy, Lg3) the inner diameter before the pressure pick up and
at least 2 times (ng, Lg4) the inner diameter after the pressure pick up in the flow direction. This
pressure measurement fixture should have an unchanged cross-sectional area. This is applicable
for the inlet and the outlet side. The cross-sectional area of the inlet fixture may be different from
the outlet fixture. An example of the measurement equipment is shown in Figure 4.

When measuring the cooling liquid static pressure of the inlet and the outlet, the static pressure
should be measured at a fully developed flow. A fully and undisturbed developed flow can be
considered with a straight length at least 3 times (L,,, L,,3) the inner diameter before the pressure
pick up and at least 2 times (L, L,y4) the inner diameter after the pressure pick up in the flow
direction. This pressure measurement fixture should have an unchanged cross-sectional area. This

© IS0 2019 - All rights reserved 9
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is applicable for the inlet and the outlet side. The cross-sectional area of the inlet fixture may be
different from the outlet fixture. An example of the measurement equipment is shown in Figure 4.

NOTE Boiling affects pressure loss measurement stability on the cooling liquid side.

gl

gl g3 g4

a  Cooling liquid flow.
b Test gas flow.

Figure 4 — Pressure measurement positions

7 Calculption method
7.1 Items to be calculated

7.1.1 EGR cooler heat dissipation’amount

The items that need to be calculated to record the EGR cooler heat dissipation amount results intp the
test report gre as follows:

a) testgas|and coolingliquid mass flow rate;

b) EGR gadand EGR cooler heat dissipation amounts;

c) EGR coqlérheat dissipation ratio;

d) EGR gas pressure loss;

e) coolingliquid pressure loss.

7.1.2 EGR gas temperature effectiveness

The items that need to be calculated in order to record the EGR gas temperature effectiveness results
into the test report are as follows:

a) testgas and cooling liquid mass flow rate;
b) EGR gas temperature effectiveness;

c) EGR gas pressure loss;

10 © IS0 2019 - All rights reserved
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d) coolingliquid pressure loss.
7.2 Calculation formula

7.2.1 Mass flow rate

ISO 21441:2019(E)

In the case that the mass flow rates of the test gas and the cooling liquid are not directly measured, they

shall be calculated using Formulae (1) and (2).

Img =Vg Py

Wwhere
Img 1S the test gas mass flow rate (kg/s);

¥ is the test gas volumetric flow rate (m3/s);

fg  isthe test gas mass density (kg/m3).

qu :VW pW

whefe
4w is the coolingliquid mass flow rate (kg/s);
¥, isthe coolingliquid volumetric flow rdte (m3/s);
P,  isthe cooling liquid mass density(kg/m3).

7.2.1 EGR gas and EGR cooler heat dissipation amounts

The logarithmic mean temperature shall be calculated as follows, see Formulae (3) and (4).

¢ =81 82
In 8L
tg2
where

4, ~1s the logarithmic mean temperature of the test gas (°C);

ty1 Is the test gas inlet temperature (°C);

tyy Is the test gas outlet temperature (°C).

¢ tw1 —tw2

w
lntw_l

w2

where

© IS0 2019 - All rights reserved
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ty is the logarithmic mean temperature of the cooling liquid (°C);
ty1 isthe coolingliquid inlet temperature (°C);
t,2 isthe coolingliquid outlet temperature (°C).

The EGR gas heat dissipation amount shall be calculated using Formula (5).

- 5

Qg_qma'cpg'(tgl _th) (5)
where

Q,  iqthe EGR gas heat dissipation amount (kW);

Cp, idthe test gas specific heat at the constant pressure when at temperature)t, [k]/(kg-K)].
NOTE The quotation table of specific heat that is used on the calculation is described in the test report. The
Cpg value is cpnsidered by the test gas humidity when calculating the heat dissipatign'amount.

The EGR cogler heat dissipation amount shall be calculated using Formuaila (6).
AT
Y
(6)
(Tfl _Twl )
= Qg S B W
(th1 —tw1)
where
Q is the EGR cooler heat dissipation amount (kW);
AT is the difference in the inlet'temperature between both fluids defined by all the concerned
parties (K);
At is the measured différence in the inlet temperature between both fluids (K);
Ty is the test gaslinlet temperature defined upon the agreement by all the concerned
parties (2C);
T\1 is thereooling liquid inlet temperature defined upon the agreement by all the concernefd
pafties (°C);
The EGR cooler heat dissipation ratio shall be calculated using the Formula (7).
H=——@ (7)

( tgr ~twi )
where

H isthe EGR cooler heat dissipation ratio (kW/K).

12 © IS0 2019 - All rights reserved
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7.2.3 EGR gas temperature effectiveness

The EGR gas temperature effectiveness shall be calculated using Formula (8).

t,—t
e =8 8 400 (8)

g -
tgl twl

€, isthe EGR gas temperature effectiveness (%).

The felationship between the EGR gas temperature effectiveness and the EGR;gas hea{ dissipation
amount can be shown with Formula (9).

e [t .-t 9
g mg g 100
7.2.4 EGR gas pressure loss

The EGR gas pressure loss shall be measured by the static pressure of the inlet side and the outlet side
with|Formula (10) (see Figure 5).

>

Pg =DPgs1 ~Pgsz ~APgp

L, p,-v,> LD p,v,,?
gl g gl g2 g g2
FPgst ~Pgs2 = Ag1 Fhpin (10)
gt T8 [ & D,, 2 R D,, 2
L, p,v,,2 L, p,v,,2
< Apgy — ;Lgl.il.g_gl+lg2.£.g_g2
D,, 2 D,, 2

The yalues of A,; and A,zinthe formula are defined as follows:

Ny =0,316 4 - Rey 70,25
Ny = 0,316 4" Rey,~0:25

where

Ap is the EGR gas pressure loss (kPa);

g
Dgs1 s the test gas inlet static pressure (kPa abs);
Dgs; s the test gas outlet static pressure (kPa abs);
Apg,  is the test gas piping pressure loss (kPa);

Apg;  isthe test gas inlet piping pressure loss (kPa);
Apg,  is the test gas outlet piping pressure loss (kPa);

Apgo  is the test gas differential pressure gauge measurement value (kPa);

© IS0 2019 - All rights reserved 13
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Vg1 is the inlet test gas flow velocity (m/s);
Vg2 is the outlet test gas flow velocity (m/s);
Ag1 is the inlet pipe friction coefficient of the test gas (Blasius' formula);
Ag2 is the outlet pipe friction coefficient of the test gas (Blasius' formula);
Lgy is the test gas inlet pipe length (m);
Dy is the test gas inlet pipe inner diameter (m);
Ly, is the test gas outlet pipe length (m);
D, is the test gas outlet pipe inner diameter (m);
Rey;  [s the Reynolds number of the inlet side (3 x 103 < Re < 10%);
Rey,  [s the Reynolds number of the outlet side (3 x 103 < Re < 10%).
pgsl APgO pgsZ
Q” S
Tl Ya_ ] | e ——~ | ]
Lgl LgZ
! !
Apg Ap, Apg
Figure 5 — Test.gas pressure measurement positions
7.2.5 Cooling liquid pressureloss
The cooling|liquid pressure.loss is equal to the measured cooling liquid differential pressure between
the outlet and the inlet. After measuring the outlet and inlet pressure, use Formula (11) to calculatle the
final value (pee Figure 6):
pr :px sl _pwsz _prp

1’ ’ 2
“''p, 2 "2 D (11)

L v, .2 L v, 2
=pr0_(lWl,Dw1‘pw wi 41 'wz.pw w2 J

wl

The values of A,,; and A, in the formula are defined as follows.

A, = 0,316 4 - Re, =025
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Az = 0,316 4 - Re,,,~0.25

where

Ap,,

Pws1

Pws2

is the cooling liquid pressure loss (kPa);
is the cooling liquid inlet static pressure (kPa abs);
is the cooling liquid outlet static pressure (kPa abs);

is the cooling liquid piping pressure loss (kPa);

ISO 21441:2019(E)

prO

wil
w2
Awl
4w2
wl
wl
w2

w2

w2

is the cooling liquid inlet piping pressure loss (kPa);

is the cooling liquid outlet piping pressure loss (kPa);

is the cooling liquid differential pressure gauge measurement valtie’(kPa);

is the inlet cooling liquid flow velocity (m/s);

is the outlet cooling liquid flow velocity (m/s);

is the inlet pipe friction coefficient of cooling liquid{(Blasius' formula);

is the outlet pipe friction coefficient of cooling liquid (Blasius' formula);

is the cooling liquid inlet pipe length (m);

is the cooling liquid inlet pipe inner diameter (m);

is the cooling liquid outlet pipe length (m);

is the cooling liquid outlet pipe inner diameter (m);

is the Reynolds number of inlet side (3 x 103 < Re < 105);

is the Reynolds nuimber of outlet side (3 x 103 < Re < 10%).

-—FVu1

Vw2 ——t

I I
pwsl I I pwsZ
I I
J = o
s | | S
el | ol
| I
| |
I I

APwo

1]
[ 1

Figure 6 — Cooling liquid pressure measurement positions
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8 Testreport preparation

As atestreport, heat dissipation performance diagrams based on the measurement results as illustrated
in Tables 5, 6, 7, and 8 are recommended. It is allowed to measure at different operating conditions and
to calculate within the re-interpolation on the required operating conditions. This procedure should be
agreed by the parties concerned.
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Table 5 — Example of the test report (EGR cooler heat dissipation amount)

EGR cooler heat dissipation performance test report
Date of test (mm/dd/yyyy) Test laboratory temperature deg.C
Manufacturer Test gas humidity g/kg
Product number Atmospheric pressure kPa abs
EGR cooler specifications Test equipment model Type
Core dimension Test supervisor
Test gas static pressure of inlet side kPa abs | Cooling liquid static pressure of inlet side kPa abs
Test gas temperature of inlet side deg. C|Cooling liquid temperature of inlet side deg.C
Test gas mass flow rate of inlet side kg/s |Cooling liquid mass flow rate of inlet side kg/s
Test gas mass density of inlet side kg/m3 | Cooling liquid mass density of inlet side kg/m3
Specific heat of test gas kJ/kg-K | Specific heat of cooling liquid kJ/kg-K
Quotdtion table of specific heat of test gas Quotation table of specific heat of gooling liquid
Differjence of inlet temperature between test gas and cooling liquid (defined upon agreement by the.concerned parties) K
Y A
30 <HY
{
25 N\
20
15 Vw =1,0kg/s
Vw =0,7kg/s
10 Vv = 0,5kg/s
5
0 > x1073
0 20 40 60 80 X
Key
X test gas mass flow rate [kg/s]
Y test gas heat disgipation amount [kW]
Y&
6
5
4
S5 v =1,0kg/s
Vv =0,7kg/s
2 Viv =0,5kg/s
1
0 » x10°
0 20 40 60 80 X
Key
X test gas mass flow rate [kg/s]
Y test gas pressure loss [kPa]
© IS0 2019 - All rights reserved 17
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< X =

ey

Table 5 (continued)
EGR cooler heat dissipation performance test report

Y &4
30
25
20 /
15
10

5

0 >

0 0,5 1 1,5 2

cooling liquid mass flow rate[kg/s]

cooling liquid pressure loss [kPa]
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