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Warning statements

A\

A
A
A\

Putting a voltage of over 30 VDCto TCOMSYSO01
may result in permanent damage to the system.

TCOMSYSO01 has an internal battery in the MCU that
powers the clock and the SRAM when  external power
is not supplied. If the battery is exhausted, contact

the factory for instructions.

Connect both cable s tothe TCOMO1l sensor body and
the MCU before turning on the MCU.

TCOMO1 contains a resettable temperature fuse,
which limits use to 60 °C.
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Introduction

TCOMSYS01 is a measuring system to help understand an
leading to human thermal comfort. The TCOMOL1 body is temperature stabilised at 33 °C,

so that it offers a relatively direct measurement of the human experience. In essence,

TCOMOL1 is a miniature thermal mannequin, measuring according to the innovative Hot

Cube method. The heater power required to keep the TCOMOL1 at a constant temperature

is the main measurand. Incorporating 5 heat flux sensors with a black absorber, it also

offers a detailed picture of the heat gain and loss from different directions, and a good

indication of convective and radiative asymmetry. Other measurements are sensor body

temperature, air temperature and relative humidity. In its standard configuration , the
system consists of an MCU (Measurement and Control Unit) and a TCOMO1 sensor. The
MCU offers direct connection to any | ocal area networ

is also available as a sensor only.

/ N

Figure 0 .1 The TCOMO1 sensor body onatri  pod. TCOMO1 is meant for surveys of
thermal comfort as experienced by the human body. It is equipped with 5 x heat flux
sensor (black surfaces) and a sensor body temperature sensor. Heater power, ambient
temperature and relative humidity are measured inth e accompanying MCU
(Measurement and Control Unit)
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Figure 0.2 Overview of TCOMSYSO01: (1) Ethernet port, (2) USB port, (3) MCU
Measurement and Control Unit, (4) air temperature and relative humidity sensor,

(5) TCOMO1, (6) side panel: heat flux sensor with black absorber foil, (7) connectors (not
visible), (8) tripod

TCOMSYSO01 was originally designed to study the effect of radiation sources on human
comfort. Equipped with heat flux sensors that measure in 5 directions and a humidity and
te mperature probe, it offers a good picture of energy gains and losses from all sides to a
metal body that thermally resembles the human body; the TCOMO1 sensor is in essence
a miniature thermal mannequin.

The TCOMSYSO01 system employs dedicated sensors and electronics, measuring thermal
comfort according to the new Hot Cube method. The high accuracy of the MCU

(Measurement and Control Unit) ensures that TCOMSYSO01 will still measure down to very

low heat fluxes. The MCU has robust aluminium housing. The syste m generates a
measurement file, including a time -stamp. The measurement data are stored in the MCU
and are later downloaded to a PC. The user is responsible for data analysis.

How to employ TCOMSYSO01

The primary source of information from TCOMSYSO01 simpl y is the power [W] required to
keep the TCOMO1 sensor at a constant temperature; a very direct measure of human

comfort. This power may be compared to the power required at 20 °C ambient air

temperature, no convection (zero wind speed) and no radiation. Po wer consumption will
immediately show if there is a situation of overheating or heatstress or a situation of

overcooling or coldstress.

The second direct information supplied by the heat flux sensors of TCOMSYSO01 is the

heat loss or gain [W/m %] as a function of direction. If radiative sources are dominant,
TCOMSYSO01 will measure radiative asymmetry.
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A web browser may be used for real time measurement review, data collection and for
changing control settings such as TCOMO1 body temperature.

TCOMSYSO01 advantages

A direct representation of the human body

A helps understand and quantify the detailed physical cause and effect of thermal
comfort

simple experiments can be used to quantify the sources of heat gain or loss
offers directional information

good addition to Wet -Bulb Globe temperature measurement

robust, student -proof

fistand al oneod; equipped with its own clock and mer
safe, low voltage power supply

communication by (virtual) Ethernet link

user interface program on MCU

To o Do Do To Do Io I

Figure 0.3 A complete system for measuring thermal comfort
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uggested use
surveys of human thermal comfort
studies of the effect of radiating sources
workplace investigations
car passenger comfort testing
educational purposes, illustrating heat transfer
bio - meteorology
microclimate studies
wind - chill analysis
analysis of fabric insulation

To o Do o Do Bo Do Do Do () IR

Figure 0. 4 TCOMO1 applied in car passenger comfort testing
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History

Already in 1929 the Eupatheoscope (from Greek ifemdionlib@amgnati ond) was
designed by A.F. Dufton to quantify the condition in a room from the point of view of

comfort. It consists of a blackened cylinder which is controlled to maintain a temperature

of 23 °C. The power used is i nterpreted in terms of equivalent temperatures.

In the 1990 the company Bruel & Kjear carried a thermal comfort meter (model 1212),

based on the same principle, and in addition processing Fangers equation.

Both models involved only an integrated power mea surement. The new Hot Cube method

improves on this by incorporating omnidirectional heat flux measurements.

What makes TCOMSYSO01 different

The main contributors to thermal comfort are air temperature, air speed, radiant

temperature and humidity. Apart from this, there are personal contributors such as

metabolic rate and insulation by clothing. Many studies use Fangerdés t her m:
equation as applied in EN ISO 7730: Moderate Thermal Environments - Determination of

the PMV and PPD indices and specifi  cation of the condition for thermal comfort . Another

approach utilises a globe temperature measurement: EN 1SO 27243: Hot environments.

Estimation of the heat stress on working man, based on the WBGT Index (Wet Bulb

Globe Temperature) . These methods are qu ite indirect in particular when determining the

heat flow from air speed and radiation.

I TCOMSYSO01 offers heat flux measurements. This approach is a lot more direct than the
indirect estimate from air speed and radiation.

I TCOMSYSO0L1 offers directional info  rmation.

T TCOMSYSO01 works at a realistic skin temperature of 33 °C (user adjustable).

[

Instructions Advanced Browse Data Datalogger Statu:

TCOMSYS01 30-10-2018 13:51:10
H u ksefl u x Code version interface CPU:TCOMSYS01.CR1X
Thermal Sensors

Code version in logger: CPU:TCOMSYS01.CR1X

Heat fluxes Environment Power

Back 93 W/m?  Left: 96 W/m?
heater Right: -103 W/m?  Top: -72 W/m2
Front 101 W/m?

Air temperature: 22.0 °C Heater power: 3.45W

Relative Humidity: 34.4% Duty Cycle: 13 %

13:46
time [hh:mm]

Figure0. 5 TCOMSYS016s user interface: the main screen sho
of the last 10 minutes
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Rated operating conditions

TCOMSYSO0L1 is designed to work  between +10 and +25 °C. In its standard configuration,
uninsulated and stabilised at 33 °C, it is rated for operation in indoor conditions including
significant radiative heating.

It will stabilise at 33 °C under approximately one of the following conditio ns:

1 air speeds <5 m/s
f irradiance <400 W/m 2
1  ambient air temperature > 5 °C

Under other conditions, the sensor may not be able to stabilise its body temperature due

to overheating (indicating overheating or heatstress) or shortage of electrical power
(indication of overcooling or coldstress). Powered using a low voltage, TCOMSYSO0L1 is safe
to use.

TCOMSYSO01 may be used for short  -term outdoor experiments in the order of weeks. Under
long -term exposure to solar radiation, the black heat flux sensor coating may become more
reflective.

User interface: MCU is a web server
The MCU serves as a web server, and can be connected to any local area network. No
more downloading of USB drivers and special interface software! Alternatively it offers an

AEt hernetSBooveorr Wirtual Et hernet | ink, where you conn
cabl e. I f you type into your web browser the MCUG&6s | PF
you have access to the user interface.
Ordering the TCOMO1 sensor only
The sensor TCOMO1l is also available as a fisensor only

the mannequin with 5 x heat flux, 1 x temperature, 1 x heater, 2 x cable, 2 x chassis
connector and 1 x tripod. The user then must combine it with his or her own
measur ement and control unit.

Options
1 TCOMO1 sensor only
1 extended rated operating conditions; temperature, irradiance, wind speed

See also
1 ourcomplete product range of heat flux sensors
1 viewthe TRSYSO01 building thermal resistance measuring system which includes 2 x

HFPO1 sensor and 4 x matched thermocouple type K
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Figure06 TCOMOli s al so available as a fisensor onlyo
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1 Ordering and checking at

1.1 Ordering TCOMSYSO01

delivery

The standard configuration of TCOMSYSO01 iswith 2 x 1.5 m cable

Common options are:

1 TCOMO1 sensor only (see the appendi ces of this user manual  for what is included )
1 extended rated operating conditions; temperature, irradiance, wind speed

1.2 Included items
Arriving at the customer, the delivery should include:

T 1 xHPRC 2500 carrying case

1 x TCOMSYSO01 thermal comfort measuring system
0 1xTCOMO1 thermal comfort sensor

0 1x MCU Measurement and Control Unit

1 x 5 pin PHOENIX CONTACT cable, 1.5 m

1 x 8 pin PHOENIX CONTACT cable, 1.5 m

1 x Manfrotto PIXI EVO 2 tripod

1 x USB cable with Bulgin connector, 2 m

1 x Bulgin connector for Ethernet cable

1 x 12 VDC adapter, 1 m, supplied with 4 interchangeable
1 x product certificate

=

= =4 —a -8 —a -8 -

TCOMSYS01 manual v1801

AC plugs (AUS, EU, GBR, USA)
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Figure 1. 2.1 TCOMSYSO01 with its MCU and carrying case
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2 Instrument principle  and theory

2.1 MCU Measurement and Control Unit

The MCU Measurement and Control Unit is specified to measure the current draw of the
heater, the voltage output of the heat flux sensors a
thermistor (for TCOMO1 body temperature).

The MCU performs the calculation of heater power, heat fluxes and temperature. It acts
as a PID controllerto  stabili se the TCOMO1 body temperat  ure at the required
temperature. T he default setting  of the body temperature is 33 °C . This may be adjust ed

via the user interface .

The MCU interfaces with the humidity module to provide an ancillary measurement of
ambien t air temperature and relative humidity.

The software, calibration data and user interface are stored on the MCU.

The MCU stores measurement data on a 8 GB Micro SD card.

2.1.1 Ambient air temperature and relative humidity

The MCU interfaces with a Vaisala HMM105 humidity module, to provide an ancillary
measurement of ambient air temperature and relative humidity.

TCOMSYS01 manual v1801 13/47
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2.2 TCOMO1 sensor body

The TCOMOL1 sensor body is an aluminium body that is stabilised at a default temperature
of 33 °C . It is equipped with five FHFO1 heat flux sensors with black absorbers to monitor
radiative and convective losses in five directions.

The connectors are in the énecké6é of the TCOMO1l, this
surfaces (top, front, left, right, back).

Figure 2.2. 1 TCOMO1 consists of on aluminium body (1) that is stabilised at a user
adjustable 33 °C using an internal heater. It is equipped with five FHFO1 heat flux

sensors (2) with a black absorptive coating and an internal sensor body temperature
measurement

TCOMSYS01 manual v1801 14147
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2.2.1 Heater

TCOMOL1 is powered using a thin film heater of around 4 Ohm , with a maximum power
rating of 40 W . The heater power is measured using a current measurement in the MCU
and combines this with the ele ctrical resistance of the heater and a correction for the
voltage drop over the cables. The exact heater resistance is part of the system
calibration.

Temperature stabilisation of the TCOMO1 body is achieved by pulse width modulation on

the power supplied to the heater. The O6duty cyclebd (t
powered) of this pulse width modulation is determined by the PID controller.

222 FHFO1 foil heat flux sensors

The incorporated heat flux sensors are Hukseflux model FHFO1 foil heat flux sensors.
FHFO1s measure the heat flux density through the surface of the sensor. This quantity,
expressed in W/mz, is called heat flux. Working completely passive, using a thermopile
sensor, FHFO1s generate a sma |l output voltage proportional to this flux.

All FHFO1s are individually ~ calibrated, and their sensitivities are programmed into the
software. The sensitivities can also be found on the product certificate.

For more informatio  n on FHFO1, please refer to the FHFO1 user manual.

To make the heat flux sensors sensitive not only to convective heat flux but also to
radiative heat flux, the FHFO1s are covered with an adhesive black foil.

2.2.3 Bodyt emperature sensor

Body temperature is measured usi ng T@OMDDbo#tyYThea her mi st or
MCU measures the resistance of this thermistor and converts this to temperature.

TCOMSYS01 manual v1801 15/47
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3 Specifications of TCOMSYS01 Hot Cube

TCOMSYS01 is a measuring systeecm of carn afl cyasu sse sl eaardd negf t o
thermal comfort. The measurement method is called Hot Cube method. The TCOMO1

body ist emperature stabilised, normally at 33 °C . The heater power required to keep the

TCOMOL1 at a constant temperature is the main measurand. TCOMOL1 includes 5 heat flux

sensors with a black absorber, measuring the heat gain and loss from different

directions. Other measurements are sensor body temperature, air temperature and

relative humidity.

Table 3.1 Specifications of TCOMSYSO01 (continued on next page)

TCOMSYS01 HOT CUBE SPECIFICATIONS

Description thermal comfort measuring system
Measuring method Hot Cube method
Measurand heating power for stabilisation
Measurand in Sl units power in W
Measurand heat flux (5 x)
Measurand in Sl units heat flux density in W/m2
Measurand TCOMO1 body temperature
Measurand in Sl units temperature in °C
Measurand ambient air temperature
Measurand in Sl units temperature in °C
Measurand relative humidity
Measurand in Sl units relative humidity
TCOMO1 heat flux sensors 5 x FHFO1 foil heat flux sensor
TCOMO1 temperature sensor 10 kY thermistor
TCOMO1 heater 36 n (nominal 40Wal ue) ,
Limiting temperature range -25t0 +50 °C
Thermal fuse protection limit 60 °C ; toresetthe thermal fuse, cool down the
TCOMO1 and turn the MCU [OFF]
Temperature setting 33 °C (user adjustable)
Start up _interval < 10 min
Standard d ated operating temperature 10to 25 °C
range (for temperature stabilisation )
Rated air speed for temperature <2mls
stabilisation
Rated irradiance for temperature < 400 W/m2
stabilisation
IP protection class IP65 (TCOMO1)
IP65 (MCU)
Rated operating relative humidity range 0to 100 %
Included cable s 2 x cable with 2 connectors (1.5 m)

USB cable (2 m)
connector for water  proof Ethernet connection

Data display in web browser
Mounting Photo -tripod with ¥ainch ~ -20 UNC screw
Manfrotto Pixi EVO 2 section black tripod is included
Gross weight TCOMSYS01  system 10. 4 kg
including carrying case and packaging
Net weight TCOMSYSO01 system 10.0 kg
including carrying case
Packaging TCOMSYS01 system box of 500 x 400 x 250 mm
Carrying case TCOMSYS01 system case of 480 x 385 x 190 mm
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