QA EFThe fggineeringM S%cliety SURFACE ear . , UF:\|EZ\(/)0 ,
or Advancing Mobilit o
W (2o Sea Air and Space}:@ VEHICLE
A{O()Aiontmiwzltrxrigqe IarlrergalelvP,:\ql.S:;G 0001 RECgME/I EN DED Issued 1995-12
' ’ ] PRACTICE Revised 2002-06

Superseding J

2233 DEC1995

Bus Body Heating System Test

Scope—Th
weather bu
passengers
procedures
1.1 Purpose—1
method to p

Referenceg

2.1 Applicable

s SAE Recommended Practice, limited to liquid coolant systems, establish
5 vehicle heating system test procedures for all vehicles designed to.transp
Required test equipment, facilities, and definitions are included. Defrosting
And requirements are established by SAE J381 which is hereby included by refer

'his procedure is designed to provide bus manufacturers with acest-effective, s
ovide relative approximations of cold weather interior temperatures.

Publications—The following publications form a.part of this specification to the

herein. Unlgss otherwise specified, the latest issue of SAE publications shall apply.

2.1.1 SAE Pusl

SAEJ38
Bus
SAEJ63

2.1.2 ScHooL B

TRANSPOR
School
Definitions

3.1 Heat Exchal

capability in

ICATIONS—AVvailable from SAE, 400 Commanwealth Drive, Warrendale, PA 1509¢
1—Windshield Defrosting Systems JT€st Procedure and Performance Requirg
bs, and Multipurpose Vehicles

8—Motor Vehicle Heater Test Procedure

US MANUFACTURER'S TECHNICAL COMMITTEE, SUPPLIER COUNCIL, NATIONAL ASSOC
TATION

Bus Manufacturer's‘Fechnical Committee No. 001

nger System—Means will exist for providing heating and windshield defrosting
a bus{/The system shall consist of an integral assembly, or assemblies, having

bs uniform cold
ort 10 or more
and defogging
Bnce.

tandardized test

extent specified

-0001.

ments—Trucks,

IATION FOR PUPIL

and defogging,

h core assembly
defrosting, and

or assemblig¢s;-blower(s), fan(s), and necessary duct systems and controls to provide heating
defogging fimrmmvmm

simulation of this structure must be included as part of the system.

is structure or a

3.2 Heat Exchanger Core Assemhbly—The core shall consist of a liquid-to-air heat transfer surface(s), liquid

inlet, and discharge tubes or pipes.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.

TO PLACE A DOCUMENT ORDER:  +1 (724) 776-4970 FAX:
SAE WEB ADDRESS http://www.sae.org

+1 (724) 776-0790
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3.3

3.4

3.5

3.6

3.7

14

4.1

4.2

4.3

4.4

4.5
4.6
4.7
4.8

4.9

4.10

Heat Exchanger-Defroster Blower—An air-moving device(s) compatible with the energies available on the

bus body.

Coolant—A 50-50 (by volume) solution of commercially available glycol antifreeze and commercial purity
water. Commercial purity water is defined as that obtained from a municipal water supply system.

Heat Exchanger-Defroster Duct System—Passages that conduct inlet and discharge air throughout the heat
exchanger system. The discharge outlet louvers shall be included as part of the system.

Heater Test Vehicle—The completed bus as designed by the manufacturer with, or without, a chassis, engine

and drivetrain, including the defined heat exchanger system.

L

If the vehicle is without a chassis, it shall be

placed on t
equal to its i
on a chassis

Heat Transfer—The transfer of heat from liquid to air is directly proportional to the differen

temperature
in kilograms

Test Equipn

Test Site—4

+ + H'S H=Y ek wiai—tlaat th. ficichadl fl " £+l badhii + baiakhit frana it
O Lol oltC 11T suvviIitT A vvu_y IAaAl UT1e Tmrnormcu 1iour Ur uire uuuy o AUl A Ilclylll., morrm o
hstalled height when on a chassis, and all holes and other openings normally-fille
will be plugged.

5 of the liquid and air entering the transfer system, for a given rate 6fiquid and a

nent

basic bus b
not to exce

shall be 8 km/h (5 mph).

Independent Coolant Supply—A closed loop system, independent of any engine/drivetrain
of deliveringla 50-50 (by volume) solution of antifie€ze-water, as defined in 3.4, at 65.5 °C £

5°F) above
shall be equ
The valve W
test.

Power Equi
system.

Heat Excha
established
rating of eag

Thermomets

dy with provision for circulating air and capable of maintaining an average amb
—3.9 °C (25 °F) for the duration of the test period: The maximum air velocity a

he test site ambient temperature, and 22.7 kg (50 Ib) per minute flow. The coolal
pped with an outlet diverter valve\to circulate coolant within the device during its

pbment Supply—A soéurce capable of providing the required test voltage and curre

hge Units—The heat exchangers used shall be tested, and rated, as required by
py either (SAE J638, or the School Bus Manufacturer's Technical Committee N¢
h unit, the method of determining its rating, and the quantity used, shall be record

rs,-thermocouples, RTD, or other temperature measuring device with an accurac

e test site floor,
d when installed

ce between the
r flow measured

(pounds) per minute, and that heat removed from liquid is equalto-heat given to air.

\ suitable location (Cold Environmental Chamber) sufficiently large to contain the basic bus or

ent temperature
ross the vehicle

5ystem, capable
1.7 °C (150 °F
ht supply device
Wwarm-up period.

ill then permit switching the.coolant supply to the bus heat exchanger system a} the start of the

nt for the heater

the procedures
. 001. The test
Pd.

of 0.5 °C.

Stopwatch o

r other timing device.

Auxiliary power supply for blower motor.

Anemometer to measure air velocity (with a measuring accuracy of 2% of observed values).

Instrument for measuring voltage and amperage. It could be a voltmeter and a shunt type ammeter to read the
voltage and current of the complete system. The ammeter and voltmeter shall be capable of an accuracy of
+1% of the reading.

Flow meter or other device to measure coolant flow with accuracy of +2% of observed value.
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5.

Instrumentation

5.1 Air Temperature

5.1.1

51.2

5.1.3

5.1.4

5.1.5

INTERIOR—Recommended air temperature measuring instrumentation are thermocouples or RTDs.
Thermometers are not recommended because of their slow response to rapid temperature changes.
Measuring instrumentation shall be placed on alternate seat rows beginning 99 cm + 13 cm (39 in £ 5 in)
from the rear of the body, at 91 cm = 5 cm (36 in £ 2 in) from the finished floor of the body, and on the
longitudinal centerline of the body.

AMBIENT—A set of four electrically averaged temperature measuring devices shall be placed 46 cm + 13 cm
(18 in t 5 pyfrom-the-rearestbody-surface243er+13-em{(96r—+5S-above-the-fleerof test site. One

measuring device shall be placed at each of the following locations:

a. Mid{line of body forward of windshield
b. Mid{line of body aft of the rear surface
c. Midqjway between the axles on the right and left sides of the body

DrivErR—Measuring devices shall be placed at appropriate locations ta_measure ankle, khee, and breath
level temperatures with the driver's seat in rearmost, lowest, and body-Centermost position.

a. Ankle Level—Place a minimum of four electrically averaged temperature measuring devices at the
corrlers of a 25 x 25 cm (10 x 10 in) square area, the Ffearmost edge of which begjns 20 cm (8 in)
forwjard of the front edge of, and centered on, the seaf'cushion. The devices shall be Jocated 7.5 cm +
1.3 ¢m (3 in £ 0.5 in) above the floor surface.

b. Kneg Level—Place a minimum of one measuring, device at the height of the front top edge of the seat
cushion and on the centerline of the seat. This measurement shall be 10 cm + 2.5|cm (4 in £ 1 in)
for\/\]ard of the extreme front edge of the seat cushion and parallel to the floor.

c. Breath Level—Place a minimum of one-measuring device 107 cm £ 5 cm (42 in + 2 in) above the floor
and|25 cm £ 5 cm (10 in £ 2 in) forward of the seat back. The forward dimension shall be measured
fron| the extreme upper edge of the,seat back and parallel to the floor.

d. Add|tional temperature measufing devices, if used, shall be documented as to their tyjpe, quantity, and
geometric location. The measurements obtained from these devices shall be incllided in the final
repqrt as additional resultsi'and not combined with the specific locations described |in paragraphs a
throtgh b.

(OPTIONAL) HEAT EXCHANGER INLET AND OUTLET TEMPERATURE—A minimum of four electfically averaged
temperatufe measuring devices shall be used to measure the inlet air temperature of eacly heat exchange
unit. Additjonally,<a~minimum of four electrically averaged temperature measuring devices shall be used to
measure the outlet air temperature of each heat exchange unit. These sensors shall be placed no closer
than 5.1 cn2.0 in) from the face of any heater core, to prevent any incidence of radiant heaf transfer. Outlet
Sensors s fstri i ; +0 O—mm=+0.25 in) from the
outlet aperture(s) of the unit heater.

(OpTIONAL) DEFROST AIR TEMPERATURE—ITf test is conducting in defrost mode, the temperature of the defrost
air shall be measured at a point in the defroster outlet(s) that is in the main air flow and which is at least
2.54cm (1 in) below (upstream of) the plane of the defroster outlet opening. At least one temperature
measurement shall be made in each outlet unit. The interior surface temperature(s) of the windshield shall
be measured at a point located on the vertical and horizontal centerline(s) of the windshield.
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5.1.6

5.2

I5.3

54

6.1

6.2

(OpPTIONAL) ENTRANCE AREA TEMPERATURE—The temperature of the vehicle entrance area shall be
measured by two sets of three each electrically averaged temperature measuring devices. One set of three
devices shall be placed 2.54 cm (1 in) above the lowest tread of the entrance step, equally spaced on the
longitudinal centerline of the tread. The second set of devices shall be placed on the next horizontal surface
above the lowest entrance step, 10.2 cm (4 in) from the outboard edge of that surface, spaced identically to
the first set of sensors, and placed parallel with the outboard edge of the surface being measured.

Coolant Temperature—The temperature entering and leaving the heat exchanger/defrosting system shall be
measured as close as possible to the entrance point of the first heat exchanger in series and to the exit point of
the last heat exchanger in series with an immersion thermocouple or RTD device.

d flow meter or

Coolant Pr tion as close as
possible to the inlet and outlet of the heat exchanger/defrosting system. Pressure may be read as inlet and
outlet pressuire and the differential calculated, or read directly as PSID. Pressufeyeadings shall be made with
the use of gauges, manometers, or transducers capable of reading within £689.5 Pa (+0.1 psi), accurate to
+0.5% of full scale.

Test Procequres—Install the heater test vehicle on the test site. TeSting shall be conducted |n such a way as
to prevent the effects of solar heating. At an outdoor test sitestesting shall commence apd data shall be
recorded during the hours following sunset and prior to sunrise, regardless of cloud covef or facility roof.
Instrumentation is required to obtain the following readings:

a. Veh|cle interior (5.1.1)

b. Inlef coolant temperature, at entrance to the_heat exchanger (if multiple heat exchangers in parallel or
serig¢s, then the first heat exchanger) (5.2)

c. Disdharge coolant temperature, at exit from the heat exchanger (if multiple heat exchangers in parallel
or s¢ries, then the first heat exchanger)(5.2)

d. Voltpge and current at main bus-bar-connection of driver's control panel

e. Ampient temperature (5.1.2)

f.  Rat¢ of coolant flow (5.3)

g. Coolant flow pressure (5.4)

h. Elagsed time (stop watch)

i. Drivper's station temperatures (5.1.3)

j-  (Optional) Heat Exchanger Inlet and Outlet Temperatures (5.1.4)

k. (Optional) Defrost Air Temperature (5.1.5)

I.  (Opfional) Entrance Area Temperature (5.1.6)

The cold chamber-shall have been maintained at or below the specified test temperature for npt less than 24 h
preceding thievehicle soak period

Soak the test vehicle, with doors open, for the length of time necessary to stabilize the interior temperature for a
30 min period as recorded by the vehicle interior temperature measuring devices should not exceed —3.9°C (25
°F). The coolant temperature as measured by the inlet and outlet coolant temperature measuring devices at
the test site temperature should be within £2.5 °C (x5 °F) of required coolant temperature. Warm up the
coolant device to the test temperature immediately prior to the start of the test. Use the coolant supply outlet
diverter valve to prevent heated coolant from entering the bus heating system prior to the start of the test. At
this time, set the heater controls and all fan controls at maximum, close all doors. A maximum of two windows
may be left open a total of 2.5 cm (1 in) each. A maximum of two occupants may be in the body during the test
period. Record all instrumentation readings at least 1 min intervals for a period of 1 h. Recording time shall
begin with the initial introduction of heated coolant from the independent coolant supply. The electrical system
shall be operated at a maximum of 115% of nominal system voltage £0.2 V, for example: 13.8 VDC + 0.2 V for
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6.3

7.1

a 12 VDC system, and the heat exchanger system shall be wired with the normal vehicle wiring.

Optional—Additional flow rates and/or coolant temperatures may also be used to generate supplementary
data. Test procedures described in Section 6 shall be repeated for each additional flow rate and/or coolant
temperature change.

Computations

Chart and Computations—Metric Units—Data shall be recorded on the chart in Figures 1A and 1B or
equivalent. Temperature data shall be recorded at the actual temperatures occurring at the time of testing. Air
temperature data shaII then be adjusted to a —18 °C base pr|0r to the constructlon of graphs. This data
reduction s ifference—betweerthe—actaal-ambienttempe ature, at time of
test, and —-1B °C, i.e., actual ambient of —7.8 °C shall result in a reduction of aII air tempefratpres by 10.2 °C,
actual ambipnt temperature of —22.2 °C shall result in an increase of all air temperatyires by 4.2 °C.
Temperaturg data shall be presented in graph form as well as tabular form. One graph.shall b¢ constructed for
the body interior air temperatures (5.1.1) wherein the recording intervals shall be the X-axis apd °C the Y-axis.
A separate graph shall be constructed for the driver's temperatures (5.1.3) usirigthé same ufits for the axes.
Optional temperature data (5.1.4, 5.1.5, 5.1.6) may be similarly graphed separate from the intgrior data.

Descripti it
Purpose of Tes}

Date Location Observers

Readings/Calgulations 5 10 15 20 25 30 35 40 45 50 55 60

Water

Flow - kg/min

Flow - kg/min

Flow - kg/min

Flow - kg/min

Air Temperatur¢

T1-rear-°C

T2-°C

T3-°C

T4-°C

T6-°C

T6 - front - °C

T7 - ambient - °C

T8 - Driver Ankle - °C

T9 - Driver Knee - °C

T10 - Driver Breath - °C

Electrical System

Volts

Amps

FIGURE 1A—DATA CHART 1
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Readings/Calculations 5 10 15 20 25 30 35 40 45 50 55 60

T11 - Windshield CL Left - °C

T12 - Windshield CL Right - °C

T13 - Defrost Outlet Left - °C

T14 - Defrost Outlet Right - °C

T15 - Heater - Inlet °C

T15 - Heater - Opitlet °C

T16 - Heater - Injet °C

T16 - Heater - Olitlet °C

T17 - Heater - Injet °C

T17 - Heater - Outlet °C

T18 - Heater - Injet °C

T18 - Heater - Oitlet °C

T19 - 1st Entran¢e Step

T20 - 2nd Entrarnjce Step

Heat Transfer - J/h - coolant

7.1.1

7.2

FIGURE 1B—DATA'CHART 1 (CONTINUED)
OPTIONAL COMPUTATIONS JOULES/H—COOQLANT

Flow of Coolant (Ww)—kg/min—measured to £2%
Tenjperature of Coolant into System (T-in)—°C—measured
Temnperature of Coolant-@ut of System (T-out)—°C—measured
Heat Removed from Coofant (Qw)—J/h—calculated

oo oW

Qw | = CpWw(T-in= T-out) x (60)
Cp | = Specific\Heat of Coolant—Given as (0.85 x 4187 J)/(kg/c)

Ww| = Nos=l
T-in] = Ne(2
T-oyt=-No. 3

Chart and Computations—Customary Units—Data shall be recorded on the chart in Figures 2A and 2B or
equivalent. Temperature data shall be recorded at the actual temperatures occurring at the time of testing. Air
temperature data shall then be adjusted to a O °F base prior to the construction of graphs. This data reduction
shall be directly proportional to the difference between the actual ambient temperature, at time of test, and 0
°F, i.e., actual ambient of 18 °F shall result in a reduction of all air temperatures by 18 °F, actual ambient
temperature of —8 °F shall result in an increase of all air temperatures by 8 °F. Temperature data shall be
presented in graph form as well as tabular form. One graph shall be constructed for the body interior air
temperatures (5.1.1) wherein the recording intervals shall be the X-axis and °F the Y-axis. A separate graph
shall be constructed for the driver's temperatures 6.1.3) using the same units for the axes. Optional
temperature data (5.1.4, 5.1.5, 5.1.6) may be similarly graphed separate from the interior data.
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Description of Unit

Purpose of Test
Date Location Observers
Readings/Calculations 10 15 20 25 30 35 40 45 50 55 60
Water
Flow - Ib/min

Flow pressure - PSID

T-in °F

T-out °F

Air Temperature

T1 -rear - °F

T2-°F

T3-°F

T4-°F

T5-°F

T6 - front - °F

T7 - ambient - °H

T8 - Driver Ankig

°F

T9 - Driver Kneg|

°F

T10 - Driver Brellh -°F

Electrical Systen|

Volts

Amps

FIGURE 2A—DATA CHART 2
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