Bulgarian Chemical Communications, Volume 49, Special Issue F, (pp. 84 - 87) 2017

Assembling and test of a system for determination on site of acid dew point of
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Acid dew point occurs due to decreasing of the temperature of exhaust flue gas from steam boiler in thermal power
plant. From other point of view the lower temperature is the main requirement for higher boiler efficiency. When the
temperature of flue gasses up to the value of acid dew point, the part of streams are saturated consistent and the acidic
gases form liquid acid. This temperature is the thin limit between efficiency and stable operation. Its determination is
important to achieve best performance of thermal power plants. Theoretical prediction of acid due point is complicate
and includes validation with additional laboratory test. Aim of this study it to assemble system for determination acid
dew point, which can be used on site on different power steam boilers. After choosing the appropriate components and
their assembling, the system was tested in laboratory condition. The achieved result of 56°C was compared to the data
received from three different equations for theoretical prediction of acid dew point. The data comparison proved that the
assembled system can operate reliable.
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4NO; + 2H,0 + O, — 4HNO3 (7)

INTRODUCTION NO; + SO, + H:0 — H;S0s + NO  (8)

As a result, from the combustion process in
power steam boilers, are generated exhaust flue gas,

which contain mainly carbon dioxide (CO,), water
vapor (H.0), nitrogen (N2) and excess oxygen (O2)
remaining from the combustion air. There are few
additional gases compounds as carbon monoxide
(CO), nitrogen oxides (NOx), sulfur dioxide (SO>)
and sulfur trioxide (SOs), which has smaller
concentrations but bigger environmental impact. At
the saturation temperature of the exhaust gas, the
acidic gases interact together with the oxygen and
the condensed water vapor to compose liquid acids
[1, 2] as shown below:

All those reactions lead to a very complex
gaseous system. From other point the particular
composition of the flue gas depends on the
organization of the combustion process, which is
preconditioned by the combustion system and fuel
properties.

There are a lot of studies for theoretical
prediction of acid dew point of exhaust flue gas.
The five equations below were developed from
different authors with the aim to determine
theoretically flue gas acid point:

According Ohtsuka [3]

SO; + H20 <> H2SO;s 1)
H,SO3 + O, — H,S0, (2) th=20 lg V+ A (9)
250, + 02 — 2S0s (3) A constant depending on moisture content (°C) -
SOz + H0 — H>S0, (4)  184.at5 %, 194 at 10 %, 201 at 15 %.
2NO + SOz — N2O + SO () Neubauer’s equation [4]
NO; + SO, — NO + SO3 (6)
(0.0959+0.143p 4y, 5~ 0.1669p%, |
tp = ts + (290.54 — 30.79px20) Pip, : (10)

According Mueller [5] / Pierce [6] / Okkes [7]:

th = 203.25 + 27.6 lg(puz0) + 10.83 1g(C psoz) + 1.06{1g(C psoz) + 8}21° (11)

Verhoff & Banchero [8] relation for acid dew point
prediction:

Tp = 10000 / [15.13 — 0.2943 In(pr20) — 0.858 In(C psoz) + 0.062 {6.633 — In(C psoz)} {6.633 — In(ph20)}]
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Haase and Borgmann [9] equation for acid dew
point:
o = [255 + 27.6 Ig(puz0) + 18.7 1g(C pso2)] (13)
where:
o Tp : Dew-point temperature (K)
o tp : Dew-point temperature (°C)
o ts: Saturation temperature of water at total
pressure of exhaust flue gas (°C)
e C: Conversion rate of SOz from SO by volume
® psoz : mole fraction of SO, equivalent to partial
pressure (in atm) with the mixture of gases at
standard atmospheric pressure (101.325 kPa)
e pu2o : mole fraction of water, equivalent to
partial pressure (in atm) with the mixture of
gases at standard atmospheric pressure (101.325
kPa)
V : H,SO4 concentration (vol %)
According to above equations there are cases
where the results for acid dew point evaluated by
them have difference of 20° K [2]. This shows that
theoretical determination of temperature of acid
dew point depends on many factors as: exhaust flue
gas content and conditions in the duct, even from
fuel quality and combustion process organization.
So the proved way to evaluate acid dew point of
flue gas is to assembly a measuring system, which
may be used on site at different boilers,
independently of the fuel used and the combustion
process organization.

EXPERIMENTAL

Assessment of acid dew point of flue gas
requires measurement of the temperature of a
cooled surface at the moment when a liquid aced
appears over it. Measuring principle of the
constructed sensor is demonstrated on Figure 1.
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Fig. 1 Principle of measurement of acid dew point.

The main sensor gives two signals. The first is
for the temperature measurement and the second is
for existence of liquid acid. The signal of acid

appearance is registered from a controller, which
switch the main flow to hot flue gas pass over the
sensor if it is necessary to increase temperature or
switch to ambient air — to cool the sensor from the
outside. The result of this regulatory process is
temperature deviation around the acid dew point to
the moment of achieving stable value.

Main elements of the acid dew point measuring
system are presented on Figure 2. The operational
principle of the system, is sampling exhaust flue
gas from the duct and analyzing it to determine the
acid dew point.
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Fig. 2 Acid dew point measurement system: 1 — Ceramic
sampling probe, 2 — Ceramic conductive sensor, 3 —
Cooling fan,4 — Sensor’s unit, 5 — Control unit, 6 —
Transmitter TMT 181, 7 — Air supply line, 8 — Electrical
line, 9 — Pneumatic ejector.
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Fig. 3 Ceramic sensor.

The acid dew point measuring system includes a
ceramic pad with metal overlay - Fig. 3, which
forms two electrodes. Ceramic sensor (2) is
attached tight to a metal tube with good seal to
prevent leakage of ambient air. There is a small
hole, Imm in diameter, into the pad for mounting
the thermocouple, and seal it with clay. Outer
surface of the pipe is thermally isolated, except the
back side of the sensor, because it has to be cooled
by the cooling fan (3).

For the purpose of this system is used an FTW
325 electrical unit [10], which is very sensitive to
condensate formation. It can detect condensation,
which is not visible for the human eye. The
electrical unit provides AC with frequency of 20
Hz, which prevents electrodes destruction.
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Temperature measurement is assured by a J-type
thermo-electrical thermometer. This thermocouple
can measure temperature in the range -
200...1200°C. The thermocouple is connected to a
TMT 181 temperature transmitter, produced by
E&H [11]. Its role is to convert the raw signal from
thermometer to a unified electrical signal of
4...20mA.

To increase the accuracy of the measuring
system it is important to select a thermo-sensitive
element with small inertia. In other case, there is a
risk to read data different from the real temperature
of the sensor.

In assembled system was used programmable
logical controller — Vision 120-R1 [12]. It is
responsible for reading both the temperature sensor
and condensation detector, and manages the PID
regulator, which controls the temperature of the
ceramic pad, by switching on and off the cooling
fan.

Sensor

QOutlet

Fig. 4 Sampling unit.

One of the main components of the system is the
sampling unit - Fig. 4. It contains an ejector, by
which part of the exhaust flue gas is directed
toward the ceramic sensor.

The ejector works with compressed air, provided
by a compressor, external to the sampling unit. The
air enters the pipe (1), through a nozzle (2) and is
lead into a Laval nozzle (3). The high speed of the
air flow expires within the Laval nozzle result to
static pressure drop. Obtained by Laval nozzle
dilution in necessary to compensate linear and local
pressure loses through sampling system. The
quantity of the collected flue gas depends on the
compressed air flow rate. So compressor operation
is managed by a Vision 120-R1 controller.

The assembled flue gas acid dew point
measuring system gas was tested in the laboratory
for Heat and Gas Supply - Fig.5 in department
“Thermal and Nuclear Power Engineering” in
Technical University of Sofia.

For the test was used RIELLO gas boiler with
24 kW thermal power. The combustion chamber
and the burner, which are responsible for
organization of the combustion process, are shown
on Fig. 5b.

The acid dew point test is conducted ten times,
at different setting for the hysteresis cycle of gas
sampling and sample cooling, controlled by Vision
120-R1. Received data are statistically analyzed
and an average value for acid dew point is
estimated.

RESULTS AND DISCUSION

After conducting tests for determination of acid
dew point of exhaust flue gas from laboratory
boiler, achieved result was compared with data
from equations 10, 12 and 13, for theoretical
prediction of the same temperature. Other two
equations 9 and 11 are not used, because they are
appropriate for flue gas with high sulphur
concentration. Comparison of the results from the
test and the one calculated by the equations are
shown above in Table 1.

Table 1. Comparison between laboratory test and theoretical equations.

Method Lab. test Haase&Borg. Verh.&Banch. Neubauer
Value 56°C 48°C 68°C
After the analysis of compared data from Table REFERENCES

1, the conclusion is that the assembled
measurement system for determination of acid dew
point of exhaust flue gas works properly. This fact
proves that it can be used to provide determination
on site of acid dew point.
Outlook

To achieve on site tests at different power steam
boilers, with different fuels, respectively different
combustion process conditions and flue gas content.
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ACEMBJIMPAHE 1 TECTBAHE HA CUCTEMA 3A OIPEJAEJIIHE HA MSCTO TOUYKATA
HA POCATA HA U3XOJAIIWU JUMHUN I'’A3OBE OT EHEPTUMHU ITAPOI'EHEPATOPHU

Kp. LI. Tomopos*, P. A. Acenos, Ac.H. AceHos
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Konnenzamnusara Ha BOAHUTE MapH M Ta3000pa3HUTE KUCEIHMHU Pe3yiaTaT OT TOPUBHHS MPOLEC MPU E€HEprHiHN
IaporeHepaTopy HAacThIIBa NPH MOHMKABaHE HA TeMIlepaTypaTa Ha OTHaJHUTE AUMHH rasose. HyxmaTa oT mo-HHUCKH
TEMIIEpaTypu € MPOJUKTYBaHa OT CTpEeMe)ka 3a NOBHUILIAaBaHE Ha e(EKTUBHOCTTA Ha KOTiIMTe. Todkara Ha pocaTa
NpeACTaBs TeMIeparypara, IpH KOATO 3amouBa (OpPMHUpaHETO Ha KHcelnHH B TeuyHa ¢asa. Tasum Temmeparypa
NPe/ICTaBIsIBa ThHKATA TPaHUIIA MEeXy e(peKTUBHOCT U HaJAEXKHA eKciuioaranus. HeliHoTo onpenensiHe € He0OX0 MO
3a 7a ce IMOCTHIHE onThMmanHa pabota, Ha exHa TEILl. OmpemensHeTo Ha TOYkaTa Ha pocaTa 4pe3 TEOPETHYHHU
3aBUCHMOCTH € CI0)KHO M BKJIIOUBA IIPOBEKAAHE Ha JOBIHUTEIHHN J1JaAOOPaTOPHH TECTOBE 3a JOKa3BaHE HA MOyUCHUTE
pesynraru. LlenTta Ha HACTOAIIOTO M3CIIEABAHE € J1a ce aceMOImpa cucTeMa 3a ONpeelsiHe TOUKaTa Ha pocara, KOATo Ja
MOXe 112 Ob/ie 3M0JI3BaHa Ha MACTO IIPH Pa3IM4YHU eHepruitHu naporeHeparopu. Ciex kaTo 0sxa M30paHu MOIXO SN
eJIEMEHTH 3a aceMOMpaHe, cucTeMara Oele TecTBaHa B JlaboparopHH ycioBus. [lomyuennsaT pesynrar ot 56°C Gemre
CBIIOCTaBEH C IaHHHU OT PA3IMYHU TEOPETHYHM 3aBUCHMOCTH 3a ONpeNeNisiHe Toukara Ha pocata. CpaBHEHHETO Ha
JAHHHUTE JOKa3a, 4e aceMOIMpaHaTa CuCTeMa MOXKe Ja paboTu HaJekK THO.
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