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Temperature sensors /

EN 1363

Fire resistance tests — Part 1 General requirements

* Requirements on temperature, pressure in the furnace
 Requirements on measuring devices
« Boundary conditions incl. loading of a structures

 Limiting criteria for deformation and integrity

pd

, Defines what temperature sensors to use in what cases

chap. 4.5.1.1 Thermoelectric sensors in furnace (plate thermometers, PT)

chap. 4.5.1.5 Thermoelectric sensors for environment temperautre
(thermocouples, TC)




Thermocouples /

» thermoelectric device based on physical phenomenon (described in 19. cent.)

/

The occurrence of voltage in a circuit composed of two different conductors
whose ends have a different temperature (voltage in microvolts/°C)

so called Seebeck’s thermoelectric phenomenon

T Material A T Q

< Material B Material B > .

(Thomas Johann Seebeck, 1821)




Thermocouples /

Construction of the thermocouple

> two wires of different materials, connected at the end of the conductor

— Up

1 — measuring end, 2 —connection to compensation circuit, 3 — compensation circuit, aA, aB
— two conductors of different materials



Thermocouples

Construction of the thermocouple

» measuring end — mechanically connected by brazing, welding

VRS RIAE R

» end can be protected or unprotected (coated or wired TC)




Types of thermocouples

» according to EN 60 584-1 capital letters

Oznacent Pﬁ‘i()d’?i znaceni dle Doporucven)v?. t’eplotm' Barevné oznaceni ’ _
slozeni rozsah pouziti [°C] Kladny pol Zdporny pol
T |Cu-CuNi +200 az +350 hnéda bl
J Fe-CuNi +400 a2 +750 Cernd bila
E  |NiCr-CuNi +440 az +800 fialova bild
K |NiCr-NiAl +750 az +1200 zelend bila
N NiCrSi-NiSi +850 a +1250 lila bila
S Pt10Rh-Pt +1400 az +1600 oranzovd bila
R Pt13Rh-Pt +1400 az +1600 oranzova bila
B |Pt30Rh-Pt6Rh +1500 a2 +1700 | bez udaje | | bl




Coated thermocouples

» two conducters in a nickel tube filled with powder of oxids (MgO or Al,O,)

> tube from stainless stell or inconel

1 : niklo vy plast’

detail plastovy jednoduchy dvojity
termoélanku termodlanek termoélanek termodlanek

1 ... termoélankové draty, 2 ... keramicka 1zolace
3 ... keramicky prasek



Coated thermocouples

For testing of fire resistance of structures in furnaces can be used:

Thermoelectric sensor of type K, diameter 3 mm
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Plate thermometers

Plate thermometer

» often called as PT

» construction and material defined in EN 1363-1: 2013 chapter 4.5.1.1

1 plastovy termoelektricky ¢lanek typu K — NiCr-NiAl s

_lu_a_ izolovanym meéficim spojem, prdmér 1 — 3 mm
1 ; R - .
; 2 bodové privareny (18x6 mm) nebo pfiSroubovany
@ § ocelovy pasek (25x6 mm), Sroub musi mit prdmér 2 mm
§ 3 méfici spoj termodlanku
SO D s R | . o - ‘ n n
S L-:i\iqz + 4 mineralni izolacni material (97 £1 mm x 97 +£1 mm X

10 +1 mm), objem. hmotnost (280 + 30) kg/m3

5 pasek slitiny niklu o délce (150 £1 mm), Sifce (100 +1
mm) a tloustce (0,7 +1 mm)

6 strana "A" — pfijimajici tepelny tok

|
LS—I
I
2




Plate thermometers /

» before the first measurement it must be ,aged” to gain the same emissivity
= placement into furnace heated to 1000 °C for 1 hour or

heating in a furnace for 90 min (ISO curve)

» in furnaces it is used for controlling gas burners

» after 50 hours of usage it must be replaced




Plate thermometers /

Theory of PT

» thanks to its construction it is able to measure parts of net heat flux h,,, [W/m?]

htot = htot,c + htot,r [W/mz]

where hy, . is a part of net heat flux by convection
hyt, IS @ part of net heat flux by radiation

htot,r = &.(hjpc — o. Ts4) [W/mz]

~

Difference between incident heat flux on a structural surface and emitted heat flux
from the structural surface (absorption and emissivity equals)

where

h,. is incident heat flux coming to the surface,

o is Stephan-Boltzmann constant (o = 5,67x1078 W/m2K%),
T, is surface temperature,

€ IS emissivity



Plate thermometers

/

Theory of PT

» incident heat flux equals to

Ripe = z g Fio. TS [w/m?
i
where
& Is emissivity of a surface i,
o is Stefan-Boltzmann constant,
Fi and Ti are corresponding view factor and temperature to/on surface i

» net heat flux by convection
heote = ac(Ty — Ts) [W/mz]
where

a. is a convective coefficient
T, is gas temperature going to the surface



Plate thermometers

Theory of PT

> net heat flux can be written as
heot = €(Rine — GT54) + ac(Tg —Ts) [W/mz]

or expression of h, . by the aid of radiative temperature

hior = SO-(Tr4 - Ts4) + ac(Tg —Ts) [W/mz]

S

radiative temperature # gas temperature

Often different marking/letters can be found:
htot, hinc equals to qtot’ CIinc:

a. equals to h,

/



Plate thermometers /

Theory of PT

» In the case that a surface is a perfect insulator, net heat flux h,,, going into this
surface equals to zero

0==eo(T} =T + a. (T, —Ty) [w/m?]

Surface of PT can be assumed as a perfect insulator (conduction in a thin plate
IS neglected), therefore above-written equation must be true for PT.

Temperature of an ideal surface, which cannot absorb any heat flux = ADIABATIC
SURFACE TEMPERATURE (AST)

Tpr = Tast

For PT constants should be used (g,= 0.9, h,=10 W/m?K, K ;=8.0 W/m?K)



Plate thermometers /

Adiabatic surface temperature

> it can be therefore written
0 = EG(TT4 - TXST) + C(C(Tg — TAST) [W/mz]
T,g7 differs in position and orientation!

In each point 6 different T, can be defined. T, is the only one.

Tast Is an weighted average between T, and T,

» Is influence by surface emissivity, constant of convective heat. It is not affected
by surface temperature.

» Tpst lies between T, and T,
» When convective part is dominant — is closed to T

» When radiative part is dominant — is closer to T,



Plate thermometers

Adiabatic surface temperature

» Difference between the two main formulaes we can get
. 4 4 ‘
*) qt’:)t — 80'(]: — ]: )+ h(TO — ]:) (heat transfer)

) 0= 80'(]:.4 = Tjsr) + h(Tg —1,g;) (@efasT)

qtot—eo'(T —T )+ h(T

48T AST s )

» instead of two different temperatures T, and T,, only one temperatureT,gy

can be used for calculation of heat transfer into a structure



Plate thermometers /

Advantages

» thanks to good construction of PT it is possible to measure AST

|

» from above-written formulas it is possible to calculate parts of the net heat
flux,

meaning how much of heat flux comes by convection and how much by radiation



Plate thermometers

Placement of PT in a furnace

Thermocouple

connected to
/ data logger
Not to scale

Supporting and
protecting tube

Plate
Thermometer

Radiation
R I, —
-
-

Specimen

N

Furnace

Fotodokumentabe prof. UIf Wickstrom



Plate thermometers

Placement of PT on a structure




Application of PT

Room Corner Test (RCT) with a steel beam (prof. Ulf Wickstrom)




Application of PT

View

Measuring Measuring Measuring
station A station B station C

Gas burner at
elevated position




Application of PT

Floor plan

™~

Alternative positions of gas burner

/
_




Application of PT

Positions of TP on the steel beam

Position 1

Position 4 E f E Position 2

2

Position 3

/



Application of PT

Beam temperature — upper side of the beam

KKR station A, pos 1: PT, QT och TW
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Application of PT

Beam temperature — side exposed to the fire
KKR station A, pos 4: PT, QT, TW och PS
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Application of PT @

Fire test in Veselin. L. 6.9.2011




Location of PT

®

Application of PT
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Application of PT

Measured temperature at all PT
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Application of PT

In the middle of the rear beam (farer from the ventilation opening)

PT1

= a4 1100 ~Temperature
—__ 8 [°C]
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Application of PT

In the middle of the rear beam (farer from the ventilation opening)

1000 _Tempfrature
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Application of PT

In the middle of the rear beam (farer from the ventilation opening)

120000 Heat flux
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Application of PT

In the middle of the front beam (closer to the ventilation opening)

PT6 1100 Temperature
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Application of PT

In the middle of the front beam (closer to the ventilation opening)

Temperature
[°cl
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Application of PT

In the middle of the front beam (closer to the ventilation opening)
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Experiment /

Measurement of temperature by the aid of different temperature
sensors

» 5 types of temperature sensors:
» PT shiny

PT ,aged"

coated TC diameter 3 mm

coated TC diameter 2 mm

YV YV Y VY

coated TC diameter 1,5 mm

» Heating by radiant panel in outside the building



Experiment

How the temperature development from all sensors will look like?
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Experiment @
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How to calculate net heat flux? /@

Use of PT to measure heat flux

= qinc

Te

Qemi
c . ¥ W&

O
i con hc

Qine--- iNCident (absolut) heat flux (W/m?)

T

S

Jemi--- €Mitted heat flux (W/m?)
Jo =it --- NEL heat flux (W/m?)



How to calculate net heat flux?

Use of PT to measure heat flux

Equilibrum on a surface

‘?8 = E(C'Ich - UTS4) + hc(Tg - Ts)

= Qinc




How to calculate net heat flux? /@

Use of PT to measure heat flux

Equilibrum on a surface:
qo = E(Qinc — UTS4) + hc(Tg - Ts)

. ”n = 4
Qinc =0 Tr

Go = €0 (TF = T + he (T, — Ts)

Equilibrum on surface of PT:

\ 4

Go = €inc — €0Tpr + he(Ty; — Tpr) [w/m?]



How to calculate net heat flux? /@

Use of PT to measure heat flux

Structure of PT is an perfect insulator, it does not absorb any heat flux:

o = €4, — €0Thr + hC(Tg — TPT) =0 [W/mz]

For surface of PT we can use:
€,= 0.9 (aged PT)
h,=10 W/m?2K
K=8.0 W/m?2K

Calculate incident heat flux
from the formulae

h,=18 W/mK ... includes conduction into insulation and thin sheet



How to calculate net heat flux? /@

Use of PT to measure heat flux

Calculation of net heat flux:

Go = e0(Thsy — TH) + ac(Tysy — Ty) [w/m?]

For surface of PT we can use: ) Gy =80T} =T+ (T, ~T,)  teatvansten

-0 O= (C,‘O'(T,fl — TJST) +h(T, =T ) etasn

Tl =0y =)+ Ml )

€,= 0.9 (aged PT)
h,=10 W/m?K
K,:=8.0 W/m?K

h,=18 W/mK ... includes conduction into insulation and thin sheet



>
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Thank you for your attention!
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