
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201711.00648

Study on the Heat Transfer Computational
Model of Rotary Air Preheater for SCR Denitri-
fication Postprint
Authors: Huang Fengliang, Sun Zhijian, Li Pengcheng, process, Gu Jinfang,
Hu Yacai

Date: 2017-11-07T00:00:00+00:00

Abstract
After SCR denitrification of power plant flue gas, highly viscous and corro-
sive ammonium bisulfate is produced, causing blockage and corrosion of the air
preheater and affecting unit operation. In response to the changed operating
environment of rotary air preheaters after SCR denitrification, and based on ex-
isting heat transfer model research combined with the structural characteristics
of rotary air preheaters, a heat transfer calculation model applicable to air pre-
heaters after SCR denitrification is proposed. Considering the changes in flue
gas composition after SCR denitrification and the influence of temperature on
physical properties, the internal temperature field of rotary air preheaters after
SCR denitrification can be accurately calculated, providing a theoretical basis
for the design and retrofit of rotary air preheaters in power plants equipped with
SCR denitrification devices. Through case calculations for two-compartment
and three-compartment rotary air preheaters before and after SCR denitrifica-
tion, as well as comparison with field experimental results, it is demonstrated
that the heat transfer calculation model proposed in this paper has wide appli-
cability and high calculation accuracy.
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Abstract
After SCR denitrification in thermal power plants, highly viscous and corrosive
ammonium bisulfate (NH�HSO�) is generated, causing blockage and corrosion
in rotary air preheaters and affecting unit operation. Addressing the changed
operating environment of rotary air preheaters after SCR denitrification, this
paper proposes a heat transfer calculation model for air preheaters applicable to
post-SCR conditions, building upon existing heat transfer model research and
incorporating the structural characteristics of rotary air preheaters. By consid-
ering changes in flue gas composition after SCR denitrification and the influence
of temperature on physical properties, the model can accurately calculate the
internal temperature field of rotary air preheaters after SCR denitrification, pro-
viding a theoretical basis for the design and retrofit of rotary air preheaters in
power plants equipped with SCR denitrification systems. Example calculations
for bi-sector and tri-sector rotary air preheaters before and after SCR denitri-
fication, along with comparisons with field experimental results, demonstrate
that the proposed heat transfer calculation model offers broad applicability and
high computational accuracy.

Keywords: rotary air preheater; heat transfer model; SCR denitrification; tem-
perature field; deposition

Introduction
In September 2011, China’s Ministry of Environmental Protection issued the
“Emission Standard of Air Pollutants for Thermal Power Plants”[1], establishing
denitrification requirements stricter than the current EU emission limits. Den-
itrification retrofitting has consequently become a critical component of power
plant upgrades. The mainstream technology employed is Selective Catalytic
Reduction (SCR), which generates byproduct SO� that chemically reacts with
ammonia to form highly viscous ammonium bisulfate. This compound solidi-
fies on heat transfer elements within the air preheater at temperatures between
180-230°C, simultaneously causing dust deposition in flue gas and resulting in
severe ash blockage and corrosion. Without effective countermeasures, excessive
resistance increase and sudden heat transfer deterioration in the air preheater
can lead to boiler shutdown within a short period [2]. Retrofitting existing ro-
tary air preheaters therefore becomes necessary, focusing primarily on replacing
corrosion-resistant heat transfer elements and adopting appropriate soot blow-
ing methods [3].

After SCR denitrification, ammonium bisulfate deposition occurs mainly in
the original middle and low-temperature sections of the air preheater. To
mitigate ash blockage and corrosion of heat transfer elements, conventional
retrofitting approaches replace the middle and low-temperature section elements
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with corrosion-resistant and easily cleanable enamel-coated elements. The selec-
tion of enamel element height and corrugation pattern depends heavily on accu-
rate calculation of the internal temperature field after SCR denitrification. Addi-
tionally, power plant SCR denitrification involves injecting ammonia-producing
substances such as ammonia water, liquid ammonia, or urea into the flue gas, re-
lying on the reaction between NH� and NOx to reduce them to nitrogen [4]. The
addition of nitrogen-containing substances alters flue gas composition, which
must be considered when calculating the air preheater temperature field.

Currently, no literature in China addresses temperature calculation models for
rotary air preheaters after SCR denitrification; existing studies [5]-[12] focus on
conventional rotary air preheaters. This paper proposes a heat transfer calcula-
tion model for rotary air preheaters applicable to post-SCR operating conditions.
Considering changes in flue gas composition and temperature effects on physical
properties, the model can accurately determine the internal temperature field
of rotary air preheaters after SCR denitrification, providing a basis for selecting
cold and hot section heights in retrofit projects.

1.1 Heat Transfer Mathematical Model
For a rotary air preheater in steady-state operation, the energy balance relation-
ships between fluids (flue gas, secondary air, and primary air) and heat transfer
elements are expressed as follows [8]:

Heat transfer elements:

𝑎ℎ𝑡𝑐𝑚𝑛𝑎ℎ𝑡

In equations (1) and (2), 𝑐𝑓 and 𝑐𝑚 represent the specific heat of fluid and heat
transfer elements, respectively; 𝑤𝑓 and 𝜌𝑓 denote fluid velocity and density; 𝛼
is the fluid flow area per unit angle 𝛽, and 𝛼𝑓 is the heat transfer coefficient
between fluid and heat transfer elements; ℎ and 𝑚𝑚 are the heat transfer area
and heating surface mass per unit angle 𝛽 and unit height 𝑙, respectively; 𝑛 is
the rotor’s angular rotation speed; 𝑡𝑓 and 𝑡𝑚 are the temperatures of fluid and
heat transfer elements, respectively.

In equations (1) and (2), 𝑡𝑓 and 𝑡𝑚 can be considered as the average tem-
peratures of heat transfer elements and fluid. Discretizing the energy balance
equations (1) and (2) yields:

𝑐𝑚𝑛

From equations (3)-(6), we obtain:

(𝐵 + 2𝐴)𝐴 + 𝐵 + 2(𝐵 + 2𝐴)𝐴 + 𝐵 + 2
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In equations (5) and (6), the mass flow rate of fluid participating in heat ex-
change per unit angle 𝛽 is represented by 𝑗𝑓𝑤𝜌𝑓𝛼, denoted as 𝑗𝑓𝑞 (kg/s). The
heat transfer elements participating in heat exchange through continuous rotor
rotation are treated as a fluid flow, where 𝑖𝑚𝑚𝑛 represents the mass flow rate of
heat transfer elements per unit angle 𝛽 and unit height 𝑙, denoted as 𝑖𝑚𝑞 (kg/s).

1.2 Model Solution
The heat transfer coefficient between fluid and heat transfer elements (𝑗𝑓𝑐), the
specific heat of heat transfer elements (𝑖𝑓𝑤), fluid density (𝑗𝑓𝛼), and fluid prop-
erties (𝑚𝑐) are all temperature-dependent functions (fluid 𝜌𝑓 is temperature-
dependent, but the product of density and velocity is temperature-independent).
However, for micro-elements within the rotary air preheater, fluid and heat
transfer element temperatures vary only slightly, making the discretized model
applicable. By dividing the air preheater into grids along both axial and circum-
ferential directions, each grid cell can be solved as a micro-element to obtain
the steady-state internal temperature field.

As shown in [Figure 1: see original paper], the computational grid integrates
flue gas and air connections. Based on literature [13][15], this paper sequentially
determines property correlations for flue gas and air (specific heat, viscosity,
etc.), heat transfer element properties, and heat transfer coefficients between
fluid and elements as functions of temperature and flow velocity. Properties
within each grid are determined using the arithmetic mean temperature of inlet
and outlet values.

According to the steady-state heat transfer model for rotary air preheater micro-
elements, once inlet fluid temperatures, heat transfer element temperatures, flow
rates, and grid dimensions are specified, the outlet temperatures are determined.

The solution process involves first assuming the temperature of the heat transfer
element at the leftmost end of the flue gas side. The model then calculates outlet
temperatures for each fluid and the temperature of the heat transfer element
at the rightmost end of the primary air side. Based on the structural working
principle of the air preheater, the heat transfer element should transfer from the
primary air side to the flue gas side, meaning the leftmost flue gas side element
temperature should equal the rightmost primary air side element temperature.

The iterative relationship thus assigns the calculated rightmost primary air side
element temperature to the leftmost flue gas side element repeatedly until the
absolute difference between these temperatures falls below the convergence cri-
terion.

Compared with the analytical model proposed in literature [8], this model elim-
inates the Laplace and inverse Laplace transforms required for direct analytical
solution, cleverly simplifying the calculation process by incorporating the struc-
tural working principle of the air preheater. Compared with literature [11],
this model employs grid division, eliminating the need for complex difference
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methods while maintaining computational accuracy and simplifying the model.

For multi-layer structural retrofitting calculations of air preheaters after SCR
denitrification, one only needs to incorporate the correlation expressions for
heat transfer coefficients of each corrugated plate layer as functions of temper-
ature and flow velocity into the calculation model. Using the changed flue gas
composition after passing through the denitrification system as input data for
the calculation program yields the internal temperature field of the rotary heat
exchanger.

2. Flue Gas Composition Changes After SCR Denitrifica-
tion
Under catalyst action, NH� selectively catalytically reduces NOx in flue gas
through the following reactions:

4𝑁𝐻4𝑁𝑂𝑂4𝑁6𝐻𝑂3𝑁6𝐻𝑂
4𝑁𝐻2𝑁𝑂𝑂4𝑁𝐻6𝑁𝑂5𝑁6𝐻𝑂

8𝑁𝐻6𝑁𝑂7𝑁12𝐻𝑂

These represent overall reaction equations; the actual chemical reactions pro-
ceed through intermediate products [16]. Under typical SCR reaction condi-
tions (NH�/NO molar ratio � 1, O� volume fraction > 2%, reaction temperature
< 400°C), reaction (9) is dominant because 90%-95% of NOx exists as NO.
Therefore, after passing through the SCR denitrification unit, NOx in flue gas
converts to N�, and this composition change must be considered in air preheater
heat transfer calculations.

Additionally, due to SO� oxidation, SO� concentration in flue gas increases sig-
nificantly, particularly for plants burning high-sulfur coal. Typically, SO� con-
centration nearly doubles after SCR treatment [17].

When calculating heat transfer for rotary air preheaters after SCR denitrifica-
tion, this paper determines flue gas composition based on actual coal type and
excess air coefficient. According to the structural dimensions of the rotary air
preheater and flue gas composition, the internal temperature field can be pre-
cisely calculated. In existing power plant retrofit projects, the temperature at
the junction between cold and hot sections is typically maintained at least 10°C
above the ammonium bisulfate deposition temperature.

To verify whether the selection of heat transfer element heights is appropri-
ate, determining the ammonium bisulfate deposition temperature is crucial.
NH�HSO� formation is influenced by multiple factors including SO� and NH�
concentrations in flue gas and unit operating load, but its deposition tempera-
ture is primarily affected by the concentration product of SO� and NH� within
the air preheater [18].
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[Figure 2: see original paper] shows the relationship between NH� and SO�
concentration product and ammonium bisulfate deposition temperature. The
empirical correlation is:

𝑁𝐻4𝐻𝑆𝑂4 ∶ 11.45 lg(= 0.4059[lg()]2)192.29

As shown in Figure 2, ammonium bisulfate deposition temperature decreases
with decreasing concentration product of NH� and SO�. The NH� concentration
in the air preheater is primarily determined by ammonia slip rate in the SCR
denitrification unit, which power plants can typically maintain below 3 mg/L.
Therefore, determining SO� concentration is essential for establishing the depo-
sition temperature. SO� concentration in flue gas depends mainly on coal sulfur
content, while some SO� converts to SO� within the SCR unit due to catalytic
action. However, this conversion is significantly affected by catalyst type and
reaction temperature, so actual calculations can only define SO� concentration
within a range to determine the ammonium bisulfate deposition temperature.

4.1 Tri-Sector Preheater Calculation and Analysis
Due to implementation of the Standard [1], a 600 MW coal-fired power plant
in Zhejiang underwent SCR denitrification retrofitting, and its associated tri-
sector rotary air preheater (model 2-32VI(T)-2080SMRC) was correspondingly
modified. The retrofit removed the original medium-temperature heat trans-
fer elements, increased the cold section height, and adopted corrosion-resistant
enamel-coated heat transfer elements.

compares the structural parameters before and after air preheater transforma-
tion. Using the structural parameters of this tri-sector rotary air preheater
before and after denitrification retrofitting, along with inlet parameters for flue
gas and air and leakage coefficients under design conditions (Boiler Maximum
Continuous Rate, BMCR), Turbine Rated Load (BRL), and 75% BRL, this pa-
per performed verification calculations using the proposed model. Results are
presented in and , where design values are from comprehensive boiler thermal
calculations and calculated values are obtained using the proposed model.

For the pre-retrofit rotary air preheater, shows that the maximum deviation
between calculated and design values is less than 1% (BMCR condition, pri-
mary air outlet temperature). For the post-retrofit air preheater, demonstrates
maximum deviations of less than 1%, confirming the accuracy of the proposed
method for post-SCR tri-sector rotary air preheater calculations. The method
simultaneously yields temperature distributions for internal fluids (flue gas, pri-
mary and secondary air) and heat transfer elements in a single computation.

[Figure 3: see original paper] illustrates the circumferential temperature dis-
tribution of heat transfer elements under BMCR design conditions after SCR
denitrification. Here, ℎ𝑜𝑢𝑡 represents the temperature of heat transfer elements
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at the hot section outlet (air preheater top surface), 𝑚𝑖𝑑 denotes the temper-
ature at the junction between cold and hot sections after retrofitting, and 𝑐𝑜𝑢𝑡
indicates the temperature at the cold section outlet (air preheater bottom sur-
face).

The temperature distribution shows gradual increase from 0-160°, gradual de-
crease from 180-290°, and continued but slowing decrease from 310-340°, consis-
tent with tri-sector rotary air preheater structure. For this coal type, post-SCR
SO� concentration ranges from 1.58-2.37 �L/L and NH� concentration is 3 �L/L.
According to Figure 2, the NH�HSO� deposition temperature in this range is 190-
200°C. Figure 3 shows the minimum temperature of hot section heat transfer
elements is 210°C, meaning the hot section corrugated plate temperature ex-
ceeds the NH�HSO� deposition temperature. After structural retrofitting with
enamel-coated corrugated plates in the cold section, low-temperature corrosion
is mitigated, and the successful operation of this post-SCR rotary air preheater
validates the heat transfer design calculations.

For design and retrofit of post-SCR air preheaters, the key focus is determin-
ing heat transfer element height and corrugation pattern. The above example
demonstrates that the proposed heat transfer model can accurately determine
the minimum temperature in the ammonium bisulfate deposition zone, provid-
ing theoretical guidance for selecting heat transfer element height and corruga-
tion pattern.

4.2 Field Experiment and Calculation Comparison
To verify the operational performance of the post-SCR air preheater, the au-
thors conducted field tests at the power plant. Under BMCR design conditions,
synchronous testing methods were employed to measure inlet and outlet tem-
peratures of flue gas and primary/secondary air. Using real-time flue gas flow
rates, secondary air flow, primary air flow, and leakage coefficients provided by
the plant, calculations were performed using the proposed model. Results are
presented in .

compares calculated results with field test data. The close agreement between
calculated and experimental values confirms the accuracy of the proposed
method for temperature calculations in post-SCR air preheaters.

5. Conclusions
After SCR denitrification in power plants, highly viscous and corrosive ammo-
nium bisulfate causes air preheater blockage and corrosion, affecting unit oper-
ation. This paper presents the following contributions:

1) Addressing the changed operating environment of rotary air preheaters
after SCR denitrification, a heat transfer calculation model applicable
to post-SCR conditions is proposed, building upon existing heat trans-
fer research and incorporating the structural characteristics of rotary air
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preheaters.

2) By considering changes in flue gas composition after SCR denitrification
and temperature effects on physical properties, the model accurately de-
termines not only outlet fluid temperatures but also the temperature fields
of internal fluids (flue gas, secondary air, and primary air) and heat trans-
fer elements. This provides theoretical guidance for retrofitting rotary air
preheaters after SCR denitrification, enabling accurate and rapid selection
of heat transfer element height, corrugation pattern, and rotor speed.

3) An empirical correlation between NH�HSO� deposition temperature and
the concentration product of SO� and NH� in flue gas is provided, offering
reference for determining heat transfer element heights after retrofitting.

4) Example calculations for tri-sector rotary air preheaters before and af-
ter SCR denitrification, along with field experiment comparisons, demon-
strate that the proposed heat transfer calculation model offers broad ap-
plicability and high computational accuracy.
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