Research and propose the bottom ash and slag cooling method
for circulating coal fired boiler

Master: Hoang Trung Kien'?
Dr. Dao Duy Trung?®
Ass Prof., Dr. Hoang Van Got>*
1.23 AD: National Research Institute of Mechanical Engineering, Ministry of Industry and Trade,
No.4 Pham Van Dong, Cau giay, Hanoi
*email : kienvairo@gmail.com, "email: trungddnarime@.gov.vn, ‘email: gotnarime@yahoo.com.vn

Summary: Present, our country is developing Heat power plants with CFB technology. Coal
amount after burning will become ash and slag at boiler bottom with average temperature in 600°C
and needs to be cooled in 80°C. This cooling equipment system must be imported from foreign
countries. Therefore, author group proposed bottom ash and slag cooling technology using indirect
water and heat exchange accounting method.
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1. Overview on bottom ash and slag cooling technology [5]
At present, there are many slag ash cooling technologies at CFB boiler bottom as follows:
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1.3 Cooling method using indirect water for
circulating fired boiler
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Work principle: Slag and ash is cooled by Heat transformation from drum (6) through
cylindrical wall (3) to cool water in water jacket (4).

1.4. Propose the ash and slag cooling method: From above analysis, we can choose bottom ash
and slag cooling method with indirect water
because of following advantages: The equipment is
ligh and compact and can reuse waste heat from
slag ash to heat water according to environmental
standards.

Figure 1.3. Priciple diagram of bottom ash
and slag cooling method using indirect water

2. Theoretical basis to account heat exchange in boiler bottom ash and slag cooling equipment
2.1 Convection heat exchange method: Convection heat exchange process happens when solid
surface contacts with liquid one (Description on figure 2.1), according to Fourier law, relation
transmission heat quantity (Q) and heat exchange condition is defined as formula [3]:

Q=- L ¢l gradtrdF 2.1)

In reality, it is difficult to defilne gradtr . Therefore, we usually apply Newton formular to account:
Q=aF(tr—tw), W (2.2)

In which: F — Heat exchange surface; At = ( tr — tw ): Heat difference ( In which: tr — liquid
temprature, tw- wall surface temprature); o - Heat emission
coefficient.

From the equation (2.2) of surface element dF, the form will be:

a= Q __d ,W/m?*.degree (2.3)

(t, -t )dF t, -t
In which: tw — surface temprature; tr — liquid temprature; ®
— Movement speed of liquid; A — heat conductivity factor of
liquid; cp — isobaric heat capacity of liquid,
p — density of liquid; p — viscosity of liquid; ¢ — form of
heat exchange surface; li, I2, 13 — dimension of heat exchange
surface.
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Figure 2.1. Temprature change
in boundary layer when liquid

2.2 Differential equations of exchange convection heat absorbs the heat

Because convection exchange process relates to movement
of liquid, it must be used equations to show. These equation includes [4]:

2.2.1 Heat transfer differential equation: Next to solid
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and p is a constant. Energy equation of liquid element moved as [1] is (2.6):
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2.2.3 Movement equation
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liquid without pressure: Elevation view on X, y and z axis of general force on the element will be:
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2.2.5 Single-valued condition: Differential equation needs single-valued condition, including:
Geometric condition; physical condition; boundary condition and time condition.

2.3 Heat transfer through cylindrical wall [1] ¢
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Figure 2.7. Heat transfer model through
cylindrical wall



through abutment wall. It supposes that there is a abutment wall with length of L, internal diameter
di external diameter d2, the wall has heat conduction factor A. Heat liquid in the pipe has
temperature of tfi, cold liquid outside the pipe has temperature of tp. Temperatures of 2 wall
surfaces unknown : twi1 and tw2 (Figure 2.7). Heat dimension coefficient of hot liquid is a1 and that
of cool liquid is a2. According to [3], heat dimension coefficient of kv for liquid is:
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In which: heat transfer resistance: Llnﬁ and heat emission resistance: ! and ! .
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For multilayer wall: L = 1 (2.12)
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If we know qr replace it to the formula (2.13) we alternatively find twi and tw2:
twl_tfl_q_L_ and th_tfz_q_L 1
7 ad, 7 a,d,

3. Conclusion: Base on over analysis, we can go to following conclusion:

- Choose bottom ash and slag cooling technology for circulating coal fired boiler using indirect
water cooling method by equipment shel and tube type;

- Applied convention heat exchange differential equations to account unknow tempratures of 2 wall
serfaces: twi va tw2 as basis to account necessary heat quantity to transfer through tube wall;

- Above proposed accounting method can be applied to account design of bottom ash and slag
cooling equipment for circulating coal fired boiler which requires necessary real application to
replace imported equipments in our country.
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