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HISTORY & ORGANISATION

Zeebrugge

Thermalplug sprl/bvba

x Hermesstraat 2C-1930 Zaventem

x Rue du Vertbois 11-400 Liege
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Board
of
directors

Consultancy (OB)

Managing director
(BB)

IT (outsourced)

HISTORY & ORGANISATION

History:

2014: Start of R&D under parent company control
H1 2015: Frist academic prototype

H2 2015-H1 2016: first pre-industrial prototype
H1 2016: creation of Thermalplug sprl

H2-2016 : market ready industrial prototype
2017: launch of product TP-A

Finance & administration
(outsourced to parent company)

Engineering, Project management (2)

Y

Sales, technical sales & consulting services (2)

Organisation

Direction Sales Administration

Execution After-sales
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Heat Flux Basics

Heat is transmitted from a hotter body to a colder body until a thermal
equilibrium is reached.

Typical heat flux values SSS
L
THUMB FRESH BEER HOT COFFEE
130 W/m?2 - 150 W/m?2 600 W/m?2

https://youtu.be/-DFokozaFKE
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Why a heat flux Sensor

Compensation of thermal influences

« Hypotheses: Distortions under dynamic thermal influences (in the
second/hours range) are not always properly compensated with
temperature sensors

» Temperature sensors cannot

Measure dynmamics of thermal influences

Non-invasively «see» temperature gradients
Be placed everywhere in a system (full thermal characzerization is not possible)

» Heat flux sensors enable higher precision, especially in systems
where thermal distiortions are in the pm/nm range

Heat Flux sensors enable numerous possibilities
which are not available with temperature sensors ThermalPlug
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Heat Flux : Sensor

Heat Flux Measurement

Principle

T— heat flux

. BSKIN®

< qsolld

Heat flows through the
sensor

Sensor generates a
voltage

Voltage is proportional
to the heat flux

Resolutions down to
1W/m2,i.e. mW
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Heat Flux : Sensor

Measure all three Types of Heat Fluxes

heat flux

solid

gSKIN®
- | solid

o

Conduction

Heat flux through
materials

Sitting on a wood or
stone bench in winter

electromagnetic waves

liquids, gases, e. g. wind

Convection Radiation

Heat flux through liquids Heat flux through

and gases electromagnetic waves
Exposure to wind chill Standing next to fire

ThermalPlug
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Heat Flux : Sensor

Permissable temperature and heat flux ranges

Temperature range

-50C to +150C (intermittently to +200C)

Heat flux range

-150 kW/m? to +150 kW/m?

ThermalPlug
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(] GSKIN Sensors

—  Aluminium
— Silicone

gSKIN®-XM

Heat Flux Sensor Size: 4.4mm x
4.4mm Resolves 0.41 W/m2 - 7.9
MW — 140 pK...

Heat Flux : Sensor

Laser power measurement

>

gSKIN®-XP

Heat Flux Sensor Size: 10mm x
10mm Resolves 0.09 W/m2 — 9
W — 30 pK...

gSKIN®-X]

Heat Flux Sensor Size: 18mm x
18mm Resolves 0.03 W/im2 -9
PW - 10 pK...

gSKIN@-XQ (Silicone)

Robust Silicone Heat Flux Sensor
Size: 30mm x 30mm Resolves 0.1
W/m2 - 81 yW - 230 ...

gRAY C05-HC

Housed Laser Power Detector
Apperture: 25 mm Max. Power: 5
W...

ThermalPlug
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. Our development kit: TP-A
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Development kit

1 We provide our know-how for your application development

Signal Data access L.
Transfer & and Optimize your

Preparation calibration processes

Thermal Flux

Measurement

T oo sxany
- Z=f®,..)
ThermalPlug
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Development kit

Development 1.  We provide know- how for technical Heath flux signal treatment

Kit : TP-A

Customer 3. Your product/process integrating Heat flux measurememt

process

ThermalPlug
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Our basic set ugp

Development kit:
TP-A

1. A Gskin © sensor mesures the heath flux @(t)

2. Sensor transfer O(t) it as an electrical signal f(t)

3. Signal is treated by the calibrated box f(t)=>F(T)/C

5. Computer/PLC/system calculate back ®(t) = f(F(t), T°(t),C)

6. @(t) is integrated in your own automation process

Customer
process

ThermalPlug
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Possible applications

J Control System design application

— Efficient & fast fouling detection

— Efficient & fast radiation detection

— Indirect temperature measurement (non-invasive)
— Mass flow measurement (non-invasive)

— Temperature change prediction

) Design value & Lab measurements

— Calorimetric applications
— Enthalpy measurements

ThermalPlug
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Possible applications

Indirect measurements of heat energy

d)out

AEreaction = f(Tinf (pin, Tout, (pout’ )

Coolant

Reaction

_ - AEreaction

Coolant l

Measurements of reaction energy

coolant

coolant

AEreaction = 1:((pHeat Flux Sensor)

Reaction

_ + (PHeat Flux Sensor

!

ThermalPlug
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Possible applications

Change of thermal resistance (e.g. fouling)

*  Riermio influenced by ice,
rust etc.

1

: _  Recanbecalculatedby T,, T,
® 0T, ando

|

|

*  Riperm12=(To-Ty)/g

@

Tl
@ Temperature Sensor
-
Heat Flux Sensor >%° e
I LA Y

ThermalPlug
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Possible applications

Non-invasive Temperature Measurement & Profiling

Rtha&rm 1-2 =0.2 K/W
|

= © =80 W

T,=25C 1,=41C

AT= ¢ X R1:herm fl-2=:|-6 C

@ Temperature Sensor

-
I Heat Flux Sensor )

ThermalPlug
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Possible applications

Evaporation and condensation in pg/s

Evaporation energy

Drop of fluid, 0.25ml

mmmmmmmmm

Copper plate Evaporation rate
Heat flux sensor
Copper plate :
ThermalPlug
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Possible applications

Mass flow
Temperature Heater Temperature
Sensor 1 Element Sensor 2

no Flow of Gas or Liquid

Temperature Heater Temperature
Sensor 1 Element Sensor 2

—L

Flow of Gas or Liquid

« Use gSKIN instead of
temperature sensors

* Higher precision
possible

« Non-invasive = more
hygienic

ThermalPlug
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Possible applications

Applications of the gSKIN®: Radiation

electromagnetic waves

Monitor infrared sources
Characterize lasers
Monitor laser power
Measure solar irradiation

Detect hot bodies

ThermalPlug
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Possible applications

Comparison with other detector types

Power range

Power
resolution

Spectral range
Rise time

Area (active
area)

10mW-25 kW

0.2mW

190 nm -25 um
>08s

>1.1cm?
+ passive area

/
\
10 UW-3W

1pW

190 nm-25 uym
>18s

>1.1cm?

=

10 uW-3W

1uW

190 nm-25 pm
>0.2s

>0.2 cm?

The gSKIN® combines the speed of a diode with the
wavelength independency of a thermopile sensor!

10 pW - 100 mW

1pW

200-1800 nm
02s(1ns)

>0.1cm?

ThermalPlug
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1 Our Expertise
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Thermal flux measurement

Non invasive

Thermal flux is the derivative of T° = Temperature prediction

Technical know — how

Real time data availability

Compatible with all computers - PLCs

Flexible programming

Integration of thermal flux technology in your process

Our know—how is yours

Product developement

Local support

Your process- your rules !

ThermalPlug
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Model validation embedded Phase Change Material in facades with

st i seamocs gSKIN® application note: U-value Refrigerator

- [’
GLASSX i Sw - ing and . prodacts that have unique ogitical sed ut of a heated buiding through ts walls or windows: y .
thermal characteristics (i.e. by using phase change material (PCM)). These transiucent facade elements freezer g
have the advantage of higher energy efficiency due to the combination of translucence, low U-values, For ¥
variable solar gains and high thermal mass. For product improvements, they developed together with Inthis e
Lucer iversity of i L which includes the sub-cooiing effect of the hrﬁn;:us
sait hydrate PCM. To validate the model, heat flux sensors from greenTEG were used. The study is
described in detail here [only in German). Mossurament shioct snd sot-up
typeKS 1181 5
Experimental setup and results 1 w L]
15 locatedina coffee room in 3 large office buslding
In the following picture, the experimental setup is shown. To determine the energy flow into the glass manky to avord o
and the release from the glass as response from a defined temperature profiling, gSKIN heat flux sensors people walking by Or
from greenTEG were used. The gSKIN® heat flux sensor were mounted to the window by normal tape. Mo Wt "'f:::
Resuits
Results of both measurement are shown in the following figures. The graph include the heat flux. the fridge
) (T2) and the

Heat flux sensor 1

Heat flux sensor 2 & 3

Auctuates between
15 W/im?. The U-value is thevefore
but after a

Figure 1: Setup for window charocterization containing PCM: Image provided by GLASSX.

rather stable U-value atter a few
The following 50N between sred heat flux. ing to the hours. Th W), The of
authors, the measured heat flux fits very well the calculated heat flux. o
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gSKIN® Application Note: Calorimetry

Direct and precise i i with thegSKlN' Sensor

The gSKIN® direct
mmummmmnummmmmu

References

of Salt Dissolution in Water

Tutorial about how to measure the molar enthalpy of salt dissolution in water

ﬂ!m 5 to measure mmmdmuaumm As an example. we will dissolve 2 g of

o TEG

gSKIN® Application Note: Molar Enthaipy

Direct measurement
“Thanks to the heat flow based measurement. you do not NaOHn
For
Vou don't even need  thermameter * Experimental setup
Easy touse
“The small size and robust packaging aflows for o simple
apphcation onvirtually it surfoces *
Wide range of ssmple volumes
"Use the same sensor for the analysis of samples volumes
ranging from cubic mlmeters to cubk: meters.*
"Measure heat energies of less than one milljoule on an
assay of justone am”
Applications
The ek of SSKIN® Heat Fiux Sensor and vast as the The
Mwwmmmmmmmwmamanmw
mln quipment. the gSKIN® Heat Flux Sensor can ako be
Fgure 1
Process safety control
Calormetric data is essential for process safety control The heat release F'l"'"‘"' _
rate of novel chemical reactions must be known in order to design the 1 Heat flux sensor. greenTEG recommends gSKIN"-XE 24 9C. and gSKIN®X0 54 9C
forlorge: = 1Datalogger greenTEG recommends gSKIN® DLOG 4228 inchudes 1 temperature sensor)
i - Ml?ewmmwmm:orcmmmmwma
feg SSKIN® DILOG 4226
« 1Rescon ’
. 1hmmm¢m
- 1Waterbath
Chemical engineering «  Thesaltto be analyzed, in this case 2g of NaOH
Vel ot Mo e M 0 i
solution combinations must be tested reachon entha -
‘enables higher throughput and more reliable data in Make sure St are 2t The ambient
analytcal research and diagnostic testing. MMWMMW'WW‘WMN”WSMNMWW“
weater bath n order to prevent evaporation
|
preenTEGAG * greenTEGAG L
005 Zori, Switaerian Food] 44437 1462 eeTEGcom 008 2o, Switzerian o1 448321487 eenTEG com
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Your name:

Maranda, C. Haak, J. Worlitschek, Hochschule Luzem Technik &
MS‘MG Bourtourault, Fafco S.A, Switzerland

Title:
|Bﬂlhrml_vsh of alatent heat storage |

Tommlmymlwmw&mmﬂphmdn;
‘material (PCM), heat exchanger, as well as the heat demand and availability have
1o be regarded in a system context.
With respect to the heat exchanger it is of the essence to deliver sufficient power In
case of latent heat storage this power is a function of the load. A latent heat storage
‘operates at one distinct temperature. Whereas the capacity in a thermal-energy-
storage based on sensible heat is indicated by the actual temperature this
information is missing in a latent heat storage. The temperature is constant and
independent from load! y in case of | charge and discharge the
mmumumkmmehM&rm
system control.
hlmmmﬂmu'mbumﬁnmdﬂmmhm.
They are surrounded by PCM. The process of melting and freezing can be
described by transient heat transfer, often the modelling is sufficient precise with a
«quasi-stationary approach. Heat flux is a finction of the actual capacity.
The authors will present a technique to measure the current load by direct heat flux
‘measurement on the heat-exchanger surface. Based on this imformation the
prediction of the current capacity becomes available.

As this technique mfluences the heat transfer itself it is important to compensate by
design measurements

‘conductivity and small dimensions. To&mlhm—waalynnlmdm
i field y. The results are

‘within an experimental set up and controlled via integral heat balances.

The presentation explains how analytical and numerical calculation of heat transfer

‘will result into a practical approach to measure power and capacity of a latent heat

energy storage.

—
Enﬂmv I R E S
C{ml(rrrx'

References

e

A solution to compensate for the
smallest thermal influences

Nowadays, leg etc) have.

v Inorder itis

the system

Tedl AR
8005, Zoricn, Swizertane £t 44331308 T
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gSKIN® application note: U-value Glass

Measurement
Introduction
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, 2014).
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the influence of day light radiations,
s
U-Vakoe, an addtsonal measurement was made during daytime
goal L . this.
m !
Measured object y
an i i with a P imnm
o T :
i
of 8
greenTeG \
L. 18005 Zurch, Swtzoriand Fea1aaam 1482 groen TEG com-

ThermalPlug

measure & optimise

30



OUR PARTNERS

EEEEE
Polytechnique -
Innovation &
eeeeee
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