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Gas enthalpy;
(energy = flow + temperature) measurement

for process control of rotary kilns
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Current Approach and disadvantages of all APC systems nfa A

CONSIDERATION OF PREHEATER, KILN AND COOLER AS INDIVIDUAL COMPONENTS
THEREFORE, NO INTEGRATION INTO AN “OVERALL CONCEPT”

DISADVANTAGE -

* Energy flows from one sector to the other are
not taken into account,

* e.g.energy flow from the cooler to the furnace,
this leads to energy fluctuations (pumps),
sometimes over long periods of time.
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CONSIDERING ALL ENERGY AND MASS FLOWS OVER TIME, IN AN OVERALL CONTROL

RESULT -

» STABLE AND MINIMIZED MATERIAL FEED OF THE FUELS

> CONTINUOUS GAS AND MATERIAL FLOW CONTROL

> AUTOMATED ENERGY FLOWS WITH STABILIZED MASS FLOWS

Al BASED MASS AND ENERGY FLOW MODEL WITH CONTINUOUS MEASUREMENTS.
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ENERGY EFFICIENCY POTENTIAL: 2-5% REDUCTION OF HEATING
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B sl s il -t Mass- and Energy Flow into the Kiln System

B Massflowgas Kiitle akisi - gaz
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ASTEMP s

Satisfied customers all around the globe

Customers in several countries

worldwide value our technologies.

m L I Buzzi Unicem
LafargeHolcim

Dyckerhoff 53
AEIDELBERGCEMENT  § SCHWINKGEEEEE

And more...
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Makina Kimya Metalurji

bi Olctimii

ature and speed of

h a duct. The speed
direction of the gas
the gas flow can be
temperature is
calculated.

Ini ve akis hizini
onune karsi ve ayni

g1 da olculdugu icin,

\
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@,Asnmp with precision of 1%... \ T

b ¥
PROCESS™™

Applications:

1) Down comer .............. flow + temperature
2)Calciner .......cocovevvenennn. exit temperature

3) Tertiary air ................... flow + temperature

4) Flue gas stack............. flow + temperature

5) Bypass/WHR .............. flow + temperature

6) Secondary air ............. temperature

as well as VRM/mill outlet ..... flow + temperature
and more on demand...
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Gas temperature measurement so far n | 'y

™
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Thermo couple

Speed : the housing must heated first
Sensitivity : heat radiation effected

CEMTECH MEA 2025 8- © KIMA Process Control 2025



Gas temperature measurement so far n | 'y

™
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dP / differential pressure
measurement

Pitot tube measurement

tanomeder fE0es Manometre tiipleri

a) Pitot tupu atik pitot tupu
{a) Pitot Tube {b) Pitot-Static Tube

Best accuracy of both principles is £10%
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ASTEMP

The system measures the gas temperature and speed
of flow as an average along a path through a duct.
The speed of sound is measured against - and in the
direction of the gas flow. Using the cross section of
the duct, the gas flow can be converted to the
volume flow. As the gas temperature is measured
also, the correct gas volume is calculated. (Enthalpy

measurement)

LOW  Acoustic Gas Temperature plus Flow Measurement n\I

Verici
Transmitter

compressed-air
flushing

Basingl hava ile
temizleme

CEMTECH MEA 2025

A

p RDC Ess-\.'l":-HTm.'ll

acoustic horn
akustik boynuz

d: 500... 5000 mm
x: 250 ... 1500 mm

Alici

Reca{:r (R2)

acoustic horn
akustik boynuz

FROCESS
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Acoustic FLOW + TEMP Measurement
Akustik DEBI ve SICAKLIK olcumu

CEMTECH MEA 2025
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Acoustic Temperature Measurement -

GASTEMP measures the transit time of an acoustic

(Mikrofon-1) (Mikrofon-2)
(Microphone 1) | (Microphone 2)

Receiv\er Alici

pulse, which passes through some known distance
of a hot gas. Dividing the distance by the transit Verici Transmitter
time gives the average speed of sound along the

path that the pulse was travelling. So the average

temperature along the path is measured.

acoustic horn
compressed-air Akustik boynuz
flushing

Basingli hava
ile temizleme

S|cak Gaz

FROCESS
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Acoustic
Temperature Measurement

GasTemp 600 Flow: acoustic signals : akustik sinyaller

—— Transmitter
Verici

lict,
cCcelver

Picture: the transit time of an acoustic pulse
along a path of 3.5 m

S A

(kanaldan gegis) _
At (transition through ducf) (Mikrofon-2)

(Microphone 1)
(Mikrofon-1) 3 [ 4]

PROCESS

(Microphone 2)

The total travelling time At is 6.7 msec, which

corresponds to a temperature of 400 °C. ph
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Acoustic Temperature Measurement -

To measure Temperature and Gas flow precisely, a comparative precise

] ; . 3,5 mt mesafede akustik ses gecis suresi
measurement of the respective speed of sound is required. The path

- Acoustic transit time for path length of 3.5 m
length for the acoustic signal can be determined during installation easily

and with high precision.

The “Time of Transition” by a very accurately shaped acoustic signal and a
high resolution, high precision time measurement. Picture:

The transit time of an acoustic signal along a path length of 5 m as a function of

(Sicaklik) [usn/K]

the gas temperature (air). Also shown is the respective change of transit time, if

3 transit tmet [psec'k |

the Temperature changes by 1K.
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Acoustic
Temperature Measurement

Temperature [°C]

Picture: 19 hour-section of the temperature

signal in a down comer gas duct.
Time [hbr] Slre[ saat]

Here the original temperature signal
transferred by highly accurate online digital

filter.

Time [hr] Sire[ saat]
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LOW
Acoustic
Temperature Measureme

Start of temperature change 50 seconds
faster and peak 300 seconds faster
than the thermocouple in this
example from the calziner exit.

Temperature was same and is just
moved downwards to better see the
parallelism

50 saniye daha erken
(once), zirve noktasi ise 300 saniye
daha erken (once)

o —, ——— e
—
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Acoustic easurement - Bl Ol«
The transmitter and 2 receiver units on a tertiary air duct

Verici ve 2 Alic1 unite tersiyer hava kanating

[ . | I
E | == 4
T &)

A ’
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Acoustic Gas Temperature + Flow Measurement

The system measures the gas temperature and speed

Microphone-3

of flow as an average along a path through a duct. ', PN e L7 A Mikrofon-3

N ¢ _ Recejver (R 1)
The speed of sound is measured against - and in the : % ' - \

direction of the gas flow. Using the cross section of

the duct, the gas flow can be converted to the

Verici
Transmitter

acoustic horn
akustik boynuz

: 500 ... 5000 mm
: 250 ... 1500 mm

volume flow. As the gas temperature is measured
also, the correct gas volume is calculated. (Enthalpy

measurement)
Alici

Recejver (R 2)
compressed-air
flushing
Basingh hava ile
temizleme

Microphone-1 ‘ \ acoustic horn
Mikrofon-1 ! J akustik boynuz

Microphone-2
Mikrofon-2

PROCESS
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Acoustic Gas Temperature + Flow Measurement

Picture:

Real transmitted and received pulses as

detected by their respective receivers.

The average arrival time [ (Dt1 + Dt2) / 2 ] was 7 msec,
which corresponds to a temperature of 400 °C

Picture 4 also clearly shows, that the separation in time of
the two receiver signals is significant (~ 180 psec), which

corresponds to a gas flow of 22 m/sec.

The amplitude of the sinus curves of mic.
2 and 3 will be smaller, the time is not affected at all!

400 °C sicaklhiga

22 m/s gaz akisina

CEMTECH MEA 2025
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GasTemp 600 Flow: acoustic signals . akustik sinyaller

Verici | Transmitter

. Recewver 1
(Mikrofon-3) l‘ Receiver 2
Microphone 2
i\v' ( Mikrgfon—Z

At 2
At 1

(Microphone 1)
(Mikrofon-1)
L lE:|3 1.5« IIL'IE' I llf.'l3 2.5 IIZIH' 3w llf?:‘: 3.5 Il.'l?"

rel. time [psec| bagil zaman [y sn]
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Acoustic Gas Temperature +
Flow Measurement

Please note, that the duct’s
diameter doesn’t matter.
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transit time difference as tunctmn of gas flow
stireSi farki

[ ]
emperature = 350 °

sicaklik
Eﬂ:lpEI’EILJI’E 400 °

2 '

§ 1 12 16 18 20 22

gas flow [m/sec] Gaz akisi [m/sn]
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System (GASTEMP 600 F
Points of use:
Measurement range:

Measurement freque
Gas composition:
/O to PLC:

Sistem (GASTEMP
Kullanim Noktalari:
Olglim Araligr:

OlcUim Frekanst:
Gaz Bilesimi:
PLC’ye I/O (Girig/CIKIS):

CEMTECH MEA 2025

Makina Kimya Metalurii

Dle length)

sinyali], hata, 2 x yedek)
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ASTEMP
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System (GASTEMP
Points of use:
Measurement ra

Measurement
Gas compositi
/O to PLC:

Sistem (GASTE
Kullanim Nokta

Olcim Frekanst:
Gaz Bilesimi:
PLC’ye I/O (Girig/Cik

CEMTECH MEA 2025

Makina Kimya Metalurii

re, flow velocity)
X reserve)

anlilik sinyali], hata, 2 x yedek)
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Makina Kimya Metalurii
PROCES s

Down comer installation in Germany:
Baca gaz1 kanalinda (downcomer) yerlesimi - Almanya :
HeidelbergCement Ennigerloh

Heidelberg Enngerloh Cimento Fabrikasi

e |
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Plant Dotternhausen -
1 installed unit at the kiln hood

olcim
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Example: Kiln Hood
Secondary air

Ornek : Firin kafasi
Sekonder hava sicakligi

L
BE .

2%

: -4
‘Plant Dotternhausen

" -

Jotternhausen Cimefs
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t?-mmm Plant Dotternhausen -

: J—!J_J_[_”ilggﬁm .2021 10:58:48 - 09.11.2021 13:28:22 (W. Europe Standard Time|

ll!lllllllllll
M e
A M
NENCVUENNEREES

MY U
S TSI
HNENENENNNEEEE
BERERERRRRRRSE
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Kiln Hood vs.
Secondary air (much faster)

Kiln hood temp. . (thermocouple)

Secondary air (GASTEMP 1500)
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Makina Kimya Metalurii

c SWITHQL

p

t

Example
Calziner Exi

Ornek

Kalsinator cikis

11111
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Makina Kimya Metalurii

P c SWITHQL

Transmitter

Verici
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Low y : Makina Kimya Metalurii
Pressure air cabinet P RO CES s

and the two receiver sensors

Basin¢cli hava kabini

Ve iki alic1 sensor

o d
i

SN

i
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Makina Kimya Metalurii
PRO CES s

Electrical cabinet

and the GSM module
Elektrik paneli

Ve GSM modulu
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|

GASTEMP 1500 FLOW
GASTEMP 1500 AKIS

Transmitter and one of the receivers

Verici ve alicilardan bir tanesi

RLYSROAR
oo

> 3 (!
3
:
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Makina Kimya Metalurii
PRO CES s
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Tertiary air

vertical pipe section

Tersiyer hava

Dikey kanal kesiti
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Tertiary air - 2 month plot (60 days) PROCESS™™

Secondary air temperature
(Thermocouple)
Tertiary air temperature

(GASTEMP 1500)

=
=
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S

Wed 22
Aug 2021 time axis

CEMTECH MEA 2025 33- © KIMA Process Control 2025



ASTEMP
QD [0
Tertiary air - ' ion i

8 days plot - and implementation in KILNMASTER™ PROCESS™™
Tersiyer hava - 8 gunluk grafik - ve KILNMASTER™ uygulamasi

kima)_KILMMASTER kiln_5A_temp p

Secondary air temperature ﬁW"rh* Wh N *'r Mmf\ WUW Mdi-""m.,r ‘V
(Thermocouple) A V, [ ) UW M, ,1'-4- ﬂ“'i':u“hw

A mnﬂ,.ﬂm\uﬁ”; Iw.)‘[ n'ﬂgjl"l -..M
Tertiary air temperature

(GASTEMP 1500)
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Down comer installation in Germany: HeidelbergCement Ennigerloh

1st system in July 2021
2" system ordered October 2021

Down comer temperature + flow

Baca gazi kanali (Down comer)
sicaklik + akig
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Example: Down Comer /
Ornek : Baca gazi kanalir (down comer) /

DMN125 PN16

210000 mm |

1000,00 mm

2000,00 mm

Section A - A

xlivY

FROCESS
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Example: Down Comer
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FROCESS
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Down Comer
Baca gazi kanali (Down
comer)

installed just before the water
injection, also implementation
in KILNMASTER™

Su spreyleme lanslarinin hemen
uzerine yerlestirilmistir, ayrica

KILNMASTER™ uygulanmistir
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Graph:

Dijital olarak filtrelenmis Normal Hacimsel Debi ve Sicaklik
72 hour-section of the gas volume and ) Norm. Volume Flow and Temperature digitially filtered
temperature signal in a down comer | F— Normalized Vol Flow [Na/he] | Normal Hacimsel Debi [Nm?/saat]

Sicaklik [°C]
gas duct. (here HeidelbergCement

Ennigerloh; more details later!)

It shows already the huge potential

for optimization (faster control)!

[emperature |7C]

z
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=
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©
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Z

Grafik, kontrolin daha hizli Time [hr] Siire [saat]
yapilabilmesi agisindan optimizasyon

icin buyUk bir potansiyele isaret

etmektedir.
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GASTEMP 600 FLOW at down comer

ID-Fan Power

consumption
GASTEMP FLOW per hour Operational

[kWh] hours per year
[h/a]

with dP instrument

2000
with GASTEMP
FLOW

1840 8.000

* ID-Fan with 500.000 *avg. yearly production
Am?3/motor 2.000 hours (b)
kW, 8% less only (a)
ID-Fan — 500.000
Am?/h kapasitel,
2.000 kW motor
glictine sahip bir fan
icin,
sadece %8 daha az
tuketim (yillik)

Power
consumption
absolute
[kWh/a]

16.000.000

14.720.000

*(a) x (b) x 20 = (c)

Reduced Elec. Power
absolute [kWh/a]

1.280.000

*  benefit with GASTEMP FLOW

Makina Kimya Metalurii

P R C s SCONTRDL

Greenhouse gas

emissions from
CO2-Certificates: passenger cars

@70,00 € this  driven for 1 year
are:

*Reduced Carbon

[metric tons/a]

907 63.490 €

*https.//www.epa.gov/energy/greenhou
se-gas-equivalencies-calculator

1.280.000 kWh x 0,10 EUR/kWh = 128.000,- EUR p.a. eur/yil
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Current Approach and disadvantages of all APC systems nfa A

CONSIDERATION OF PREHEATER, KILN AND COOLER AS INDIVIDUAL COMPONENTS
THEREFORE, NO INTEGRATION INTO AN “OVERALL CONCEPT”

DISADVANTAGE -

* Energy flows from one sector to the other are
not taken into account,

* e.g. energy flow from the cooler to the furnace,
this leads to energy fluctuations (pumps),
sometimes over long periods of time.
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CONSIDERING ALL ENERGY AND MASS FLOWS OVER TIME, IN AN OVERALL CONTROL

RESULT -

» STABLE AND MINIMIZED MATERIAL FEED OF THE FUELS

> CONTINUOUS GAS AND MATERIAL FLow CONTROL

> AUTOMATED ENERGY FLOWS WITH STABILIZED MASS FLOWS

Al BASED MASS AND ENERGY FLOW MODEL WITH CONTINUOUS MEASUREMENTS.

T
Y
T
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milTTRE=="

ENERGY EFFICIENCY POTENTIAL: 2-5% REDUCTION OF HEATING
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T Mass- and Energy Flow into the Kiln System
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kima-process.de ftr.com.tr
contact@ftr.com.tr

FTR is REPRESENTATIVE & DISTRIBUTOR FOR COUNTRIES:
FTR ASAGIDAKI ULKELER iCIN TEMSILCi & DISTRIBUTORDUR:

TURKIYE TURKIYE
AZERBAIJAN AZERBEYCAN
GEORGIA GURCISTAN
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UZBEKISTAN OZBEKISTAN
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