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1 Introduction
This methodology report is part of the paper:

Thanheiser, S.; Haider, M.; Schwarzmayr, P. Experimental Investigation of the Heat Transfer
between Finned Tubes and a Bubbling Fluidized Bed with Horizontal Sand Mass Flow. Energies
2021, 14, x. https://doi.org/10.3390/xxxxX

All data and supplementary documentation is published in the data repository:

https://doi.org/10.5281/zenodo.5802409

Software for data analysis can be found in the software repository:

https://doi.org/10.5281/zenodo.5802407

If not indicated otherwise, the references in square brackets refer to the manuscript references.

All calculations shown in this report are performed in the MATLAB script “Analyze_TRINI” in the
software repository and are based on data in the data repository (all .csv-files starting with TRINI).
The variable names are as close as possible to the variable names in the MATLAB script and data

files while ensuring their readability in this report.



2 Constants

/1 eaea=0.216 m Heated tube length

d=25e-3 m Tube diameter

A=dmnl, .4 Heated tube area

Apg i =App 0 =0.2-0.203 m? Fluidized bed grid area, inlet / outlet chamber

Agp main=0.2- 0.597 m? Fluidized bed grid area, main chamber

d ,=146e-6 m Mean particle diameter. The data sheet is in the
appendix.

p,=2650 kg/m’ Particle density (SiO)

Nn,=18.107811e-6 Pas Dynamic viscosity of air at 20°C and ambient
pressure, according to VDI Heat Atlas’

R,=287.0533 J/kgK Ideal gas constant of air

Pamy=101325 Pa Ambient pressure

The following constants refer to the sinter floor. The data sheet is in the appendix; the used type is
“SIKA-B 20"

a=10e-12 m? Viscosity coefficient
=83e-12 m Inertia coefficient
s=20e-3 m Floor thickness

1 https://materials.springer.com/lb/docs/sm nlb 978-3-540-77877-6 11




3 Fluidization Air Flows
The fluidization air flow was measured at a common location before being distributed to the
different fluidization chambers. In order to correctly calculate the heat losses caused by the
fluidization, the air distribution has to be calculated first. This was done by using the pressure
differences across the different sinter floors to estimate the volume flow through them. Figure 1

shows the relevant parameters for the calculations and where they were measured.

Sand in
T TAout

Inlet Main Chamber Outlet
Sand out
* Ps + Ps + V4 * P
pin’TZ* * pmain’T3 * pout’T4+
T P Tp : Py T
My, P
Figure 1: Measurements for the calculation of flow distribution
The variable names refer to the ones in the measurement Excel file.
P Pressure difference of air to ambient pressure at the mass flow measurement position
P Pressure difference between mass flow measurement position and inlet chamber
D Pressure difference between mass flow measurement position and main chamber
D4 Pressure difference between mass flow measurement position and outnlet chamber
Ds Pressure difference across sinter floor, inlet chamber
DPs First pressure difference across sinter floor, main chamber
)z Second pressure difference across sinter floor, main chamber
Ds Pressure difference across sinter floor, outlet chamber
T, Temperature in inlet chamber
T, Temperature in main chamber

T, Temperature in outlet chamber



Calculations

Pin=Pi~ P2t DPams Absolute pressure in inlet chamber
Piain=P1= P37 Pamb Absolute pressure in main chamber
Pou=DP1— PatPums Absolute pressure in outlet chamber
_ Pa Air density in inlet chamber

pin_m

Poain Air density in main chamber
pmain:m

D out Air density in outlet chamber
Pou= R.T,

According to the sinter floor data sheet in the appendix, the Volume flow J” can be calculated as:

Vs | Ma pV
Ap=-2| R +EC
P A(O‘ B A

Where A p is the pressure difference across the sinter floor, 4 is the sinter floor area, P is the air
density and s, Ma , & and P are constants described in the previous section. The volume flow can

then be calculated as:

NP4
)\':p—O(
2 BA’A
V=- L_f_\/(L) +B—p
2 ps
This can be used to calculate:
Vines=f (Pin> Arsin» Ps) Estimated air volume flow in input chamber
Pt P Estimated air volume flow in main chamber
Vmain,est:f(pmain’ FB,main ’ 2 7)
V owest= S (Pout» Arpout» Ps) Estimated air volume flow in output chamber
1 pines =V inest Pin Estimated air mass flow in input chamber

Estimated air mass flow in main chamber

m A,main,est ™ V main,est pmain

1 A put est = 14 outest Pout Estimated air mass flow in output chamber

T g o5t =M p i est T A mainest T 70 Aoutest Estimated total air mass flow

/N Actual (measured) total air mass flow



. . m A
m,. =m,. —
A,in A,inest -
m Aest
. . m A
m A,main m A,main,est _:
Aest
m A

m A,out: m A,out,est _:
m Aest

The degree of fluidization is then calculated as:

Pst P,

main 2

Pa=P
TA,in:T3
_ TAin+T

Aout
A 2

pA:f(pA’TA>

T]A:f(TA)

_Pady(Py-pa)g
A
Re=yC;+C,Ar- C,

Ar

Na
dp pA

W= Re

V mf,main =Wt AFB,main

F G — m'A,main
pA V mf,main

Corrected mass flow in inlet chamber

Corrected mass flow in main chamber

Corrected mass flow in outlet chamber

Mean fluidization air pressure

Mean fluidization air temperature

Fluidization air density as a function of pressure
and air temperature based on the ideal gas
equation

Fluidization air dynamic viscosity as a function
of bed temperature. Property function of dry air
at ambient pressure according to VDI Heat
Atlas?.

Archimedes number

Reynolds number with C,=25.7 and
C,=0.0365 according to Richardson [17]

Minimum fluidization velocity

Minimum fluidization volume flow in main
chamber

Fluidization grade in main chamber

2 https://materials.springer.com/Ib/docs/sm nlb_978-3-540-77877-6 11




4 Plain Tube Calculations

A sketch of the plain tube setup including some sensor positions is shown in Figure 2. The names

are equal to the column names in the measurement csv file.

Sand in

T TAout

Sand out

Figure 2: Measurement setup and sensor positions in the plain tube configuration

Calculations
Tbedll + Tbedlz

T o1 = 5
T _ Tbed21+Tbed22
bed2 2
o = U, 1,cos(q,)
grosst A(Tsurfl_ Tbedl)
o = U,1,cos(¢,)
gross2 A (Tsuer_ Tbedl)
_ O‘grossl + OLgross2
A gross,mean — f

Qloss:mA,main (h( TAout>_ h(TAin))

Mean bed temperature at first probe

Mean bed temperature at second probe

Gross heat transfer coefficient, first probe

Gross heat transfer coefficient, second probe

Gross heat transfer coefficient, mean

Heat losses due to fluidization. Specific enthalpy
of dry air at ambient pressure according to VDI
Heat Atlas®

3 https://materials.springer.com/Ib/docs/sm _nlb 978-3-540-77877-6 11




U, I, cos(@,)- Q)2 Net heat transfer coefficient, first probe
o ., =
et A (Tsurfl_ Tbedl)
o U 1,c08(q,)- Q,,,./2 Net heat transfer coefficient, second probe
e A (Tsurﬂ_ Tbed2)
o Ol T 0 Net heat transfer coefficient, mean
net,mean

2



5 Finned Tube Calculations

A sketch of the finned tube setup including some sensor positions is shown in Figure 3. The names

are equal to the column names in the measurement Excel file.

Sand in

T TAout

Pell Pelz
T eqr T bedl1 Tbedz? Tyeqor
¢ »
T g — Toup Sand out
o VAL N
Toears Tioeqis Troeans T s
T3

7 fo 1

Figure 3: Measurement setup and sensor positions in the finned tube configuration

Calculations
Tbed11+ Tbed12+ Tbed13+ Tbedl4

Theq= D
T _ Tbed21 + Tbed22 + Tbed23+ Tbed24

bed2 2
o = U,1,cos(g,)

=

£ A(Tsurfl_ Tbedl)
o = U,1,cos(¢,)

gross? A (Tsuer_ Tbedl)

_ 0(‘grossl + agrossZ

agross,mean - f

Qloss:mA,main(h(TAout)_ h(TAin))

Mean bed temperature at first probe

Mean bed temperature at second probe

Gross heat transfer coefficient, first probe

Gross heat transfer coefficient, second probe

Gross heat transfer coefficient, mean

Heat losses due to fluidization. Specific enthalpy
of dry air at ambient pressure according to VDI
Heat Atlas*

4 https://materials.springer.com/Ib/docs/sm nlb_978-3-540-77877-6 11




U, I, cos(@,)- Q)2 Net heat transfer coefficient, first probe
o ., =
et A (Tsurfl_ Tbedl)
o U 1,c08(q,)- Q,,,./2 Net heat transfer coefficient, second probe
e A (Tsurﬂ_ Tbed2)
o Ol T 0 Net heat transfer coefficient, mean
net,mean

2



6 Measurement Uncertainty

6.1 Sensor ranges

Table 1 shows the accuracies of all the different sensors and, if applicable, of their transmitters or

transformers.
Value Step Accuracy Step Base Total Accuracy
T, T, T T
2> 73, 74> ISensor i(0.15+0.002L—‘)°C Actual
Tbedll ) TbedlZ ’ C
Toeqis s Thears » Offset: +0,0015% Range See description
Tbele ’ Tbed22 ’ .
T T Transmitter _
bed23 1+ bed24 Gain: =0,0059% Q) Actual
Tsurfl ’ Tsurf2
S +0.5% R
Py, Py, Ps, | SONSOT ° O X20414632(£0.5% py,.)
Ps, P71, Ps Transmitter | X20A14632
Sensor +0.8% Range
Py P ° 8 X20414632(+0.8% pronye)
Transmitter | X20A14632
0%s< m,<20%:+0.8% | Range
Sensor
20%<m < 100%:+4% | Actual
m, 4£0.05% or See description
Transformer +10uA Range
Transmitter | X20A14632
_ Offset: +0.02% Range .
X20Al14632 Transmitter : See description
Gain: =0.08% Actual
U Transmitter Actual +0.65%
Transformer | £1% Actual
1 +1.707%
Measurement | +=0.7% Actual
Transformer | £60' Actual
0 +(0.5%+60")
Measurement| +£0.5% Actual

Table 1: Accuracies of individual sensors and their intermediate steps

The “Base” column denotes whether the accuracy is based on the currently measured value

(“Actual”) or the entire range of possible values (“Range”). The accuracies of all equipment are

documented in the euipment list and data sheets in the data repository.

The transmitter X20Al432 was used to measure the current signals (4 — 20 mA) of the pressure

and mass flow sensors. The calculation of its accuracy is described separately below.

The pressure sensors have different measurement ranges shown in Table 2.

10




Value MRB (Pa) MRE (Pa)
Py 0 50 000
Py, Ps 0 5000
p4ap5’p6ip7ap8 0 25000

Table 2: Measurement ranges of pressure sensors

MRB stands for Measurement Range Beginning, MRE for Measurement Range End.

Apart from the calculation of value ranges, all calculations are performed the same way as

described in the previous sections.

Calculations

The pressure and mass flow measurements are transformed into 4 — 20 mA current signals,
which are then measured by a current measurement module of the process control system
(X20Al14632, see equipment list) before being converted into a digital signal. The inaccuracy of
the current measurement module can be put in two functions, describing the possible minimum
value min,; and maximum value max ., of a signal x with an upper measurement range MRE
and lower measurement range MRB :

min = f (x, MRB, MRE )=

X MRE - MRB
————— 16mA+4mA |[(1- 0.08%)- 0.02%20 mA- 4 mA || ——
(MRE—MRB maATem )( ) 0.02%20mA- 4m ( 16 mA )
max = f (x, MRB, MRE) =
X MRE - MRB
—————— 16 mA+4mA |(1+0.08%)+0.02%20mA- 4 mA || ———
(MRE— MRB ( d ’ " ( 16 mA
Mass flow ranges. Observational error of all mass flow values:
A= f(in )= n:qA<406kg/h: 0.8%2300kg/h=3.248kg/h
m > 406kg/h: 4%m ,
MRB = 0kg/s Measurement Range Beginning of sensor
MRE  =0.5kg/s Measurement Range End of sensor
10uA
bias, = 16rli1A (MRE - MRB,)=3.125e-4kg/s Bias of mass flowmeter signal transformer
Bl e =111 o~ A, (1, ) biass, Minimum mass flow after flowmeter transformer
ht =1+ Ariv (1, )+bias, Maximum mass flow after flowmeter transformer
mAmin:minCM (mAminTr 4 MRBm’ MREm) Minimum mass ﬂOW
l’i’l Amax: maxCM(m AmaxTr”’ MRBm 4 MREm) MaXimum mass ﬂOW

11



Pressure ranges

bias =) P1> P4~ Ps’ 0.5%(MRE- MRB)
P |ps, py: 0.8%(MRE- MRB)

Maximum and minimum values of pressure:

Bias of pressure measurements. MRB and
MRE according to table 2.

plmin:minCM(pl_ biasp(pl)’ MRB(pl):MRE(pl))
plmaxzmaxCM(pl+biaSp(pl)’MRB(pl)’ MRE(pl))

Temperature ranges
AT=f(T)=0.15+0.002|T |

T
T

=T,- AT(T,)
=T,+AT(T,)

2sensorMin

2sensorMax

R=f(T)=100Q(1+3.9083¢-3T- 5.775e-7T")
gain=0.0059 %

Ropin = R(T sqensonriin) (1 gatin;)

R =R T sqensonnin) (1 + gatin )

Repeat for all pressure measurements

Observational error of all temperature values. T

in °C
Minimum sensor value of 7,

Maximum sensor value of 7',

Resistance of PT100 sensor at temperature 7 .

Constants according to EN 60751
Gain of temperature transmitter, see table 1
Minimum resistance of temperature sensor

Maximum resistance of temperature sensor

Offset of temperature transmitter (see table 1), based on the resistance measurement range of
the transmitter (0.5 — 390 Q), its temperature measurement range (-200 — 850°C) and the
corresponding resistance values of a PT100 sensor, according to EN 60751 and the transmitter

data sheet:

offset;=0.0015¢e-2+ (390- 0.5)/(390.48- 18.52 )+

T2min=R-l(R2min)_ offsety
TZmax:]e_1 ( RZmax)+ OffgetT

Voltage ranges
AU=f(U)=0.05% U+20mV
U,..=U-AU(U)
U,.=U+AU(U)

Current ranges

(850+200)
Minimum value of 7',

Maximum value of 7',

Repeat for all temperature measurements

Observational error of voltage values

Minimum value of U

12



AI=f(1)=02% I+20mA
I..=1-NI(I)
I . =I+AI(1)

Phase angle ranges
Pin =~ 1°)(1- 0.5%)
O =(@+1°)(1+0.5%)

Observational error of current values
Minimum value of /

Maximum value of /

Minimum value of ¢

Maximum value of @

13



6.2 Ranges in Degree of Fluidization

Piomin= Pimin~ p2m3x+pamb
Pismax = P1max™ P2min + Pamb

P mainMin = Pimin~ p3max+ Pamb
P mainMax = Pimax™ P 3min + Pamb

Poutmin= P 1min~ p4max+ Pamb
P outMax™ Plimax™ P amin + Pamp

p inMin

p, = —
inMin RA szax

p inMax

p inMax =
RA T 2min

0 - P mainMin
mainMin R.T
A+ 3max

D _ P mainMax
mainMax
RA T 3min

- Poutmin

P outMin
R, T
A 4 4max

p _ P outMax
outMax R.T
A+ 4min

V in,estMin = f ( pinMax H AFB,in ’ pSmin)

V in,estMax = f (pinMin s AFB,in » pSmax)

V main,estMin ~_ f ( pmainMax ’ AFB,main 4

p 6min + p 7min

2

)

Minimum inlet chamber air pressure

Maximum inlet chamber air pressure

Minimum main chamber air pressure

Maximum main chamber air pressure

Minimum outlet chamber air pressure

Maximum outlet chamber air pressure

Minimum inlet chamber air density

Maximum inlet chamber air density

Minimum main chamber air density

Maximum main chamber air density

Minimum outlet chamber air density

Maximum outlet chamber air density

Minimum estimated air volume flow in input
chamber

Maximum estimated air volume flow in input
chamber

Minimum estimated air volume flow in main
chamber

14



V _ ( A p6max + p7max )
main,estMax f p mainMin » “* FB,main * 2

V out,estMin = f ( poutMax ’ A FB,out » Psmin )

V out,estMax = f ( poutMin H A FB,out » pSmax )

Maximum estimated air volume flow in main
chamber

Minimum estimated air volume flow in outlet
chamber

Maximum estimated air volume flow in outlet
chamber

It can be shown that the minimum values of the estimated mass flows 7 , ., need to be calculated
with the maximum air densities P , and vice versa. This is caused by the function that calculates

the estimated air volume flows Vest .

m A,in,estMin: V in,estMin pinMax

m A,in,estMax = V in,estMax pinMin

m A,main,estMin — V main,estMin p mainMax

m A,main,estMax = V main,estMax pmainMin

m A,out,estMin = V out,estMin poutMax

m A,out,estMax = V out,estMax poutMin

m A,estMin =m A,in,estMin +m A,main,estMin +m A,out,estMin

m A, estMax =m A, in,estMax +m A,main,estMax+ m A,out,estMax

. . m Amin
m A,inMin m A,in,estMin -
m A,estMin

. . m Amax
m A,inMax m A,in,estMax -
m A,estMax

. . m Amin
m A,mainMin m A,main,estMin _»
m A,estMin

. . m Amax
m A,mainMax ~_ m A,main,estMax _-
m A,estMax

Minimum estimated air mass flow in input
chamber

Maximum estimated air mass flow in input
chamber

Minimum estimated air mass flow in main
chamber

Maximum estimated air mass flow in main
chamber

Minimum estimated air mass flow in outlet
chamber

Maximum estimated air mass flow in outlet
chamber

Minimum estimated total air mass flow

Maximum estimated total air mass flow

Minimum corrected mass flow in inlet chamber

Maximum corrected mass flow in inlet chamber

Minimum corrected mass flow in main chamber

Maximum corrected mass flow in main chamber

15



. . m Amin
m A,outMin m Aout,estMin -
A, estMin

. . m Amax
m A,outMax ~— m A,out,estMax _:
m A,estMax

p 6max + p 7max

P AinMin = P mainMin~ 2

p 6min + p 7min

P AinMax = P mainMax ™ 2

TAinMin: T3min

AinMax = 3max

T AinMin + T
T Amin = 2

AoutMin

T +T

T __ © AinMax AoutMax

( pAinMin ’ TAmax )

( pAinMax ’ TAmin)

Minimum corrected mass flow in outlet chamber

Maximum corrected mass flow in outlet
chamber

Minimum fluidization air inlet pressure

Maximum fluidization air inlet pressure

Minimum fluidization air inlet temperature

Maximum fluidization air inlet temperature

Minimum mean fluidization air temperature

Maximum mean fluidization air temperature

Minimum fluidization air density

Maximum fluidization air density

The following calculations of the air dynamic viscosity, the Archimedes number, and the Reynolds
number are all required to calculate the minimun fluidization velocity. It can be easily shown that
the minimum fluidization velocity decreases with increasing fluidization air temperature when all
other parameters (particle diameter and particle density) remain the same. Therefore, the
Archimedes and Reynolds numbers for the minimal minimum fluidization veloctiy are all
calculated with physical properties at maximum temperatures and vice versa.

nAmin:f(TAmax)
nAmax:f(TAmin)

— pAmind?) (p P pAmin) 4

2
nAmin

Ar

min

— P Amax d?) (pp_ pAmax) 4

2
nAmax

Ar

max

Minimum fluidization air dynamic viscosity

Maximum fluidization air dynamic viscosity

Minimum Archimedes number

Maximum Archimedes number

16



I{emin: \/C12+C2 Armin_ Cl
Remax:\/C?_FCZArmax_ Cl

nAmin
W miMin = Remin

d,p

p M Amin
nAmax

d,p

p M Amin

W mtMax — Re max

V mf,mainMin = WmniMin AFB,main

V mf,mainMax = Wmﬂ\/[ax AFB,main

F G _ m A‘,mainMin

min

pAmax V mf,mainMax

m A,mainMax
FG, .= :
V
pAmin mf,mainMin

Minimum Reynolds number

Maximum Reynolds number

Minimal minimum fluidization velocity

Maximal minimum fluidization velocity

Minimal minimum fluidization volume flow in
main chamber

Maximal minimum fluidization volume flow in
main chamber

Minimum fluidization grade in main chamber

Maximum fluidization grade in main chamber

17



6.3 Ranges in Heat Transfer Coefficients

T _ Tbedl Imin + Tbed12min + Tbed13min + Tbed14min
bedlmin — 2

T _ Tbedllmax+TbedlZmax+Tbedl3max+ Tbed14max
bedlmax — 2

T _ Tbed21min + Tbed22min + Tbed23min + Tbed24min
bed2min 2

T _ Tbelemax+ Tbed22max+ Tbed23max+ Tbed24max
bed2max — 2

a _ Ulmin Ilmin COoS (cplmax)
grosslmin
4 ( Tsurflmax_ Tbedlmin)

a _ Ulmax ]Imax COoS (cplmin)
grosslmax
A(Tsurflmin_ Tbedlmax)

_ U2min IZmin COS ((p2max)
gross2min
A (Tsuermax_ TbedZmin)

UZmax IZmax Cos ((p2min)

o =
gross2max 1
(Tsurﬁmin_ Tbed2max)

o

_ 0“grosslmin OLgross2min

gross,meanMin — 2

o

o

__ “rgrosslmax
gross,meanMax — 2

agrossZmax

(03

Q lossMin m A,mainMin (h ( TAoutMin ) - h ( TAinMax ) )
Q lossMax — m A,mainMax (h ( TAoutMax ) -h ( T AinMin) )

a _ Ulminllmin Cos(cplmax)_ QlossMax/2
netlmin —
A (Tsurflmax_ Tbedlmin)

Minimum mean bed temperature at first probe.
T veit3min @Nd T'qiamin ONly exist in the finned
tube experiments

Maximum mean bed temperature at first probe
Ty eii3max @Nd Tgiamae ONlY exist in the finned
tube experiments

Minimum mean bed temperature at second
probe. T’ .p3min @NA T egoamin ONlY exist in the
finned tube experiments

Maximum mean bed temperature at second
probe. T'y.i3max AN T cpramax ONlY eXxist in the
finned tube experiments

Minimum gross heat transfer coefficient, first
probe

Maximum gross heat transfer coefficient, first
probe

Minimum gross heat transfer coefficient, second
probe

Maximum gross heat transfer coefficient,
second probe

Minimum gross heat transfer coefficient, mean

Maximum gross heat transfer coefficient, mean

Minimum heat losses due to fluidization

Maximum heat losses due to fluidization

Minimum net heat transfer coefficient, first probe

18



Ulmaxllmax COS (cplmin)_ QlossMin/2

(03 =
netlmax 1 T T
( surflmin~ % bedImax )

U2min IZmin Cos ((p2max )_ Q lossMax/2

(04 L=
net2min
A(Tsurﬁmax_ TbedZmin)

U2max ]2max COS( cp2min)_ Q lossMin/ 2

o —

net2max ( )
AT surf2min T bed2max
_ 0“netlmin + 0“net2min
a net,meanMin — 2
_ a’netlmax + anet2max
o net,meanMax ~ 2

7 Appendix

Maximum net heat transfer coefficient, first
probe

Minimum net heat transfer coefficient, second
probe

Maximum net heat transfer coefficient, second
probe

Minimum net heat transfer coefficient, mean

Maximum net heat transfer coefficient, mean

19



BCS215

SUROBE[L

BAUCHEMIESANDE | CONSTRUCTION CHEMICALS SANDS wm@Z%mM @ Q

Chemische Analyse | Chemical analysis

Fe,05 <0,2%
Al,O5 <0,2%
TiO, <02%
Sio, >99,1 %

Physikalische Kenndaten | Physical characteristics

Mittlere Kérnung | Medium grain size 0,146 mm
AFS Kennzahl | AFS number 91
Theoretische spezifische Oberfldche | Theoretic specific surface area 165 cm*/g
GleichméBigkeitsgrad | Uniformity ratio 75 %
Gluhverlust | Loss on ignition <0,2%
Sinterbeginn | Sintering point > 1550 °C
Schuttdichte feuergetrocknet | Bulk density fire dried 1,34 to/m®

KorngroBenverteilung | Grain size distribution

Maschenweite | Mesh Size (mm) Ruickstand | Residue (%) Summe | Sum (%) Toleranzbereich | Tolerance range (%)
> 0,710 0,0

0,500-0,710 0,0

0,355-0,500 0,0

0,250-0,355 0,5 100,0 0-1

0,180-0,250 18,0 99,5 12-24

0,125-0,180 50,0 81,5 45-55

0,090-0,125 27,0 31,5 22-32

0,063-0,090 4,0 4,5 3-6

0,000-0,063 0,5 0,5 0-1

Die angegebenen Daten stellen
Jahresdurchschnittswerte dar,
eine Verbindlichkeit kann daraus
nicht abgeleitet werden.

The shown data represent annual
averages, a liability can not be
deduced.

STROBEL QUARZSAND GmbH | Freihungsand | 92271 Freihung | Germany | www.strobel-quarzsand.de | info@strobel-quarzsand.de | T: 09646 92010 | F: 09646 1257

STAND 10/2016 | REVISION 10



