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ABSTRACT 

The main objective of this work is to present a standard way to simulate a power blackout in a recovery boiler. A 

standard procedure leads to more reliable case studies, which are comparable with each other. Power blackout of the 

boiler happens seldom, but has the potential of damaging boiler tubes, which might lead to a smelt-water explosion 

inside the furnace. Apros modeling software is used to simulate two base cases, which are given different deposit 

accumulation on the lower furnace. Material temperatures and boiler tube drying are observed during the simulation. 

A secondary objective of the work is to find the main effects of deposit thickness variation on the furnace walls. 

This work presents successfully a standard way to perform a power blackout simulation. The model can be scaled to 

simulate different sized boilers. Accuracy of the simulation results is hard to determine, since no experimental data 

was available. Critically high temperatures are observed in the lower furnace and floor tubes of the first base case. 

Highest temperatures originate in the wall corners, where the initial deposit temperature is the highest. Uneven deposit 

thickness strongly affects the timing and order of floor tube drying.  
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INTRODUCTION 

A power blackout is an off-design operation event for the boiler. During a blackout, all external power to the boiler is 

lost. Many of the systems that work in the normal and the back-up electrical network are lost. Therefore, problems 

caused by blackout are commonly sudden stop of vital processes keeping up normal boiler operations like black liquor 

pumps, feed water pumps and combustion air blowers [1]. 

When feed water flow to the boiler stops, the water level inside the boiler starts to sink. This exposes the tubing to hot 

steam, causing dryout [2]. Dryout occurs, because there is no way for the steam to absorb heat in such a way as water 

does by evaporation. Poor heat absorption of steam causes immediate rising of the tube wall temperature. Allowable 

stress limit of the wall material is dependent of temperature [3], which is why dryout might ultimately cause cracking 

of the tube wall.  

It is essential to keep the tubes intact, so that no water escapes in to the furnace. If water interacts with the hot char 

bed in the boiler, there is a chance of a steam explosion. Black Liquor Recovery Boiler Association Committee 

(BLRBAC) has recored steam explosions in North America: 

 

 

 

 

 

 

 

 



Table 1. Smelt-water exposions in North America recoded by BLRBAC. The amount of power blackout related 

steam explosions is not stated [4]. 

 

The amount of explosions have been drastically reduced from the 60’s, but occasional accidents still happen. Majority 

of these accidents happen from wall, furnace screen or floor tube leaks [4]. Rapid evaporation of water causes the steam 

explosion, which raises the pressure inside the boiler immediately [5]. Steam explosions have bent furnace walls out of 

shape [6]. To cool the boiler, the water level is kept high as long as possible by keeping steam drum pressure nominal 

with the steam valve.  

A blackout study is carried out to understand how the evaporative components of the boiler water circulation react to 

the event. The model is constructed according to dimensions of a real recovery boiler. Furnace walls, furnace screen, 

ash hopper, boiler bank platens and walls, rear wall screen and the steam drum are included in the model in addition 

to all non-heated tubing such as headers, feeders and risers. A dynamic process simulation software is used to create 

and simulate the study. No previous blackout studies have been done before at this scale that can be found in the public 

research databases. However, a study was found where the complete boiler circulation is simulated. Albrecht 

conducted a study regarding water circulation simulation of a recovery boiler, and concluded that the combustion 

model utilized in the study plays an important role when accurate characterization of the circulation is required [7]. 

The thermodynamic properties and total mass of furnace-side deposits determine the amount of heat transferred to the 

circulation, and are therefore strongly connected to the evaporation inside the boiler. In this work, we modelled the 

deposit as a homogeneous material with constant thermodynamic properties. Heat from combustion determines the 

steady-state temperature on each evaporative surface at the start of the experiment, which also has an effect on 

evaporation. To acquire an accurate combustion heat model, the heating power is determined partly with the help of 

CFD calculation and an iterative solving process. 

The aim of this work is to present a standard way of dynamically simulating the power blackout in the water circulation 

system of the recovery boiler. Creating a standard procedure to follow makes the case studies more reliable, 

comparable between each other and prevents human errors. To simulate the blackout, we use a 1-D dynamic model, 

which simulates the water-steam flow in the boiler tubes as well as the thermodynamic changes in the deposit and 

tube materials. Deposit thickness is determined for two base cases based on observations from inside the furnace, and 

represent the most likely deposit accumulation in the furnace. The cases have difference in lower furnace deposit 

thickness. The boiler tube drying phenomena and material temperatures are studied in each case. The main objective 

is to find out if allowable temperature limits of the tube material are crossed. A secondary objective of this work is to 

find the main effects of varying deposit mass in the furnace. We conduct a sensitivity study of the deposit thickness 

on the furnace walls.  



BOILER MODEL 

Apros Combustion version 6.07.05.06 is used to model the water circulation inside a recovery boiler. It is a dynamic, 

1-dimensional, simulation program, which enables the user to build a model with diagrams and process components. 

A heat tube module can be set to contain multiple similar tubes to reduce model iteration time. Tubes with different 

bend angles and lengths can be bundled into a single module. Average values of pressure loss coefficients and lengths 

need to be used for modules containing tubes with different geometry. 

The boiler is discretized to following components: 

 Front wall 

 Rear wall 

 Left side wall 

 Right side wall 

 Horizontal screen 

 Vertical screen 

 Boiler bank 

 Rear wall screen 

 Ash hopper 

These components are created with heat tube and point modules. Figure 1 presents discretization of the boiler front 

and rear walls. Modules assigned to model evaporative surfaces are discretized roughly a node per meter of tubes in 

the module.   

 
Figure 1. Discreet model of furnace front wall, rear wall and furnace screen. Blue represents the front wall and red 

the rear wall. The elevation of heat points is presented as a scaled value between 0 and 1, 1 being steam 

drum nominal water level and 0 being the ground level. Green area emphasizes the area from which the 

temperature data is acquired. 

Front view presents the horizontal discretization of the front wall into 15 parts. Each wall utilizes the following 

distribution of tubes into modules: 



Table 2. Wall discretization into modules on the furnace walls 

Module # 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Percentage 

of wall 

tubes [%] 

2,5 3,0 4,5 6,0 6,0 8,0 12,0 16,0 12,0 8,0 6,0 6,0 4,5 3,0 2,5 

The walls are discretized so that corner modules contain fewer tubes than the center of the wall. Corners receive less 

heat than the center wall and are more likely to have circulation issues. It is therefore beneficial to bring more accuracy 

to the corners. The model structure of the front and rear wall is presented in figure 2. 

 
Figure 2. Model corresponding to figure 1 discretization. 

BOUNDARY CONDITIONS 

The dynamic model is run into a steady-state with combustion heat data, deposit thickness, the thermodynamic state 

of feed water, blow out water and steam. A boiler calculation tool is used to solve the thermodynamic states.  We 

make a guess of the deposit size according to previous measurements. Assumptions are made and boundary conditions 

chosen according to worst-case scenario approach.  



Combustion model 

Heat from combustion must be determined to solve the steady-state of the natural circulation. This would be achieved 

most accurately with CFD modeling. CFD requires a lot of computation and accurate determination of boundary 

conditions, which is why we utilize an iterative solving process to determine the profile. The procedure utilizes a 

program that calculates the boiler energy balance. Data from the program is used as a reference, to which the results 

from the dynamic simulation are expected to match. 

 
Figure 3. General idea of the iteration process used to solve the combustion heat. 

An initial guess for these coefficients must be made. After the initial guess the coefficients are changed via an iterative 

process according to equation 1 

 𝐶𝑖+1 = 𝐶𝑖 ⋅
𝑄𝐴𝑝𝑟𝑜𝑠

𝑄𝑏𝑎𝑙
  (1) 

, where 𝐶 is the thermal coefficient and 𝑄 the heat flux. Heat flux values from the program are reference values and 

therefore constant through the process. We acquire heat flux values from the dynamic simulation program after 

running the model to a steady state (utilizing the new thermal coefficients). The iteration process is complete when 

the new coefficients are approximately 1. 

Wall deposits 

Wall deposit thickness is dependent of the radical deformation temperature and local heat transfer from combustion. 

The thickest deposits are found on the coldest parts of the furnace for example, in the corners, while the hottest area 

is usually the front wall. A simple geometry is chosen to model the deposit layer on the wall and is shown in figure 4. 



 
Figure 4. Deposit layer comparison of furnace wall tubing (left) and how it is simulated (right).  

In this case, it is sufficient to approximate the deposit thickness according to worst-case scenario approach. The values 

have been obtained previously by camera observation inside the furnace and are presented in table 3. Values used in 

the deposit sensitivity study are also presented. 

Table 3. Deposit layer thickness according to location. Base case 2 (BC2) is used as the reference case for the 

sensitivity study. Only the wall deposits are varied in the sensitivity study. Base case 1 (BC1) is also 

presented in the table, but has nothing to do with the sensitivity analysis. 

Location 

Deposit thickness [mm] 

BC1 
BC2 

(Reference) 
A (+20%) B (+40%) C (-20%) D (-40%) 

Front and rear walls 

below liquor gun level 
60 30 36 42 24 18 

Front and rear walls 

above liquor gun level 
10 10 12 14 8 6 

Side walls below liquor 

gun level 
20 30 36 42 24 18 

Side walls above liquor 

gun level 
10 10 12 14 8 6 

Extended side walls 10 10 12 14 8 6 

Superheater hopper front 

wall 
10 10 10 10 10 10 

Boiler bank 20 20 20 20 20 20 

Rear wall screen 10 10 10 10 10 10 

 Vertical screen 20 20 20 20 20 20 

Horizontal screen 1 1 1 1 1 1 

 

The thermodynamic properties of deposit are set constant and are presented in table 4. 

Insulation 

Deposit 

Wall tube 

Fin 

Reality Simulation 



Table 4. Thermal properties of deposit. 

Property Value 

Specific heat capacity [kJ kg-1 K-1] 1,4 

Thermal conductivity [W K-1] 

Density [kg m-3] 

0,8 

2000 

As a boundary condition, the deposit temperature is limited to its radical deformation temperature of 850°C. Since the 

modelled cross-section area of the wall deposit is noticeably larger than in reality, the steady-state temperature of 

modelled deposits rise much higher than 850°C. This isn’t a problem when the steady-state circulation is modelled 

and we are not interested in the tube temperatures. Therefore, the deposit thickness is adjusted so that 850°C is not 

exceeded. When the dynamic blackout event begins, the deposit thickness is returned to the desired thickness. 

Blackout simulation 

During blackout the boiler stops operating and the combustion process stops. It is approximated, that by keeping the 

steady state conditions for two minutes before removing the combustion heat will suffice to simulate the residual 

furnace combustion. After this, water circulation is only receiving heat from the deposits and the char bed through the 

floor.  

There is a lot of heat stored in the char bed, which is being released slowly due to the insulating properties of the bed. 

Heat flux from the char bed to these tubes is kept at the steady-state value during the simulation. A conservative heat 

flux value is chosen to represent heat transfer through the floor tubes. A guess has to be made, since the CFD data 

doesn’t provide us with a value. Using conservative value of 2500 Wm-2 for the heat flux and 9h of experiment time 

the total heat through the floor tubes can be calculated. When compared to the total energy of furnace wall deposits in 

BC2, the energy trough the floor tubes is 3,5% of the total energy stored in the furnace walls. 

The simulation is divided into three parts. The first two minutes of the experiment the boiler is operating at the design 

point in steady-state (first part). Second part starts with the blow out and feed water valves closed. The valve is 

automated with a PID-controller to keep pressure in the steam drum at the nominal value. After two minutes the second 

part is done. For the third part the total heat flux to the boiler is reduced to only floor tubes, meaning that the 

combustion in the furnace has ended. The third part is run for at least nine hours of simulation time.  

RESULTS AND DISCUSSION 

First, we present boiler tube drying by plotting the water level change in boiler tubes. Next, we inspect the floor tube 

drying resulting from aggressive evaporation of boiler water. If the floor tubes dry completely, there is a possibility 

of steam circulation through the front and rear wall tubes. We can easily detect the beginning of circulation by 

inspecting water levels in the floor tubing and sharp drop in the tube material temperatures. 

BC2 acts as the reference case for further sensitivity analysis. We present tube drying, temperature rise and steam 

circulation effect according to BC2. The blackout starts with a steady-state temperature profile of the deposits, 

presented in figure 5. 



 
Figure 5. The steady-state temperature profile of furnace side deposits. The elevation is scaled between ground (0) 

and drum normal water level (1). 

We observe the highest temperatures between the compound-carbon steel interface and the nose level. After the nose, 

the temperature drops because the furnace screen absorbs a lot of heat coming from the lower furnace. The CFD data 

used contains an area of low heat intensity on the lower front wall, which causes lower temperatures compared to the 

corner. Generally, corner areas receive lower heat flux, which leads to lower initial temperature of the deposit. 

Boiler tube drying 

When the blackout starts, the water level decreases quickly since no feed water is replacing the evaporating water. 

Residual heat in the deposits evaporates most of the water from the furnace walls in about two hours, as is shown in 

figure 6. 



 
Figure 6. Water level in the furnace walls and main downcomer. The elevation is scaled between ground (0) and 

drum normal water level (1).  The colored and dashed lines represent local lowest points for each 

component. Module boundaries of the heat pipes on the front wall are marked with black dot-dot-dash-line. 

Front wall and front wall left corner share the same lowest point. 

The water level in the boiler stays relatively stable during the first 2-4 minutes of the simulation. Between 10 and 14 

minutes the water flows from the ash hopper wall, through the rear wall to fill the furnace walls. Boiler bank and ash 

hopper wall are connected to each via the main inlet of the boiler bank, which means that boiler bank also contributes 

to the flow. The flow ends at approximately 00:14 when the water level drops below the highest point in the ash hopper 

(0,8). The boiler tubes dry fast during the first hour, and the water level stays uniform between each component. After 

2 hours of simulation the water level descend slows down considerably because of reduced interactive surface between 

the water and hot tube surface. Instead of water, steam is heated. Module dries completely, when the water level 

descends below the local lowest point. Front wall dries first, then main downcomer and lastly the left wall.  

High tube temperatures 

Tube temperatures are presented as average values of each module. Figure 7 presents temperature changes on the front 

wall. 



 
Figure 7. The figure presents average temperatures of modules as a function of time. Elevation of vertically 

positioned modules is displayed in parentheses. Temperatures are acquired from inner tube walls at the 

center and at the corner of the front wall. The dots mark positive standard deviation from the average value 

to emphasize variance of the sample. 

Comparing temperature profiles in figure 7, temperature of module 2 rises higher in the corner compared to center. 

Higher initial deposit temperature of the corner is causing the higher temperatures. Tube temperatures rise until the 

temperature of the local deposit is met, except for the floor. Floor tube drying causes the tube temperature to rise, 

because of no cooling and constant heat flux applied to the floor. Center is uncooled longer than the corner, which is 

why we observe highest temperatures on the center floor tubes. In reality the outer surface of the floor is as hot as the 

bed, which is why the constant heat flux as a boundary condition becomes less accurate, the higher the floor 

temperatures rise. 

A sudden drop in module temperatures is observed to start at around 4 minutes and 30 seconds in BC2 on the front 

wall center and at 3 minutes and 30 seconds on the front wall corner. This drop is caused by the start of steam 

circulation through the front and rear walls. We observe the start of the circulation approximately at the same time on 

the water level and tube temperature graphs. Tube temperatures drop noticeably when the circulation starts. The steam 

circulation efficiently distributes heat from the deposits to a larger area, cooling the hottest places. 

Effect of deposit accumulation on the lower furnace 

We notice a clear difference between BC1 and BC2 in boiler tube drying. BC1 is presented in figure 8. 



 
Figure 8. Water level change in the furnace wall tubes during the experiment. Dashed lines represent BC1 while solid 

lines represent BC2. The elevation is scaled between ground (0) and drum normal water level (1). Module 

boundaries of the front wall are marked with black dot-dot-dash-line. Front wall and front wall left corner 

share the same lowest point. 

Comparing the water level change of each case, we see that in BC1 only the center module on the front wall dries 

completely. In BC2 all components dry completely. We present and compare the highest temperatures with BC2 in 

table 5. 

Table 5. The highest observed temperatures in each location of the boiler. Red, orange and yellow represent 

temperatures that are nearing operational limits of tube steel materials.  

Location 

Maximum 

temperature, 

BC1 [°C] 

Maximum 

temperature, 

BC2 [°C] 

Front wall, center 466 385 

Front wall, corner 517 411 

Rear wall, center 436 366 

Rear wall, corner 524 365 

Boiler bank platen, center 361 361 

Boiler bank rear wall, center 343 342 
Vertical screen, center 346 346 

Horizontal screen, center 332 332 
Ash hopper, center 338 341 

Left side wall, center 349 408 
Left side wall, below extended sidewall 374 422 

Right side wall, center 344 390 
Right side wall, below extended sidewall 348 365 



Steam circulation prevents effectively the overheating of lower wall tube materials. In BC2 the temperatures stay 

lower, while in BC1 the highest temperatures reach over 500℃. There is a lot more heat stored on the lower front and 

rear wall deposits of BC1, which explains the high temperatures. On the other hand, in BC2 the steam circulation 

starts much earlier, preventing further overheating. 

Deposit sensitivity analysis 

We studied the effect of deposit thickness on the furnace walls with 4 sensitivity cases A-D, which were then compared 

to the reference case BC2. We examine the effect of deposit variance on the water level of the furnace walls in figure 

9. 

 
Figure 9. Water level in downcomer tubes and front wall center as a function of time. The elevation is scaled between 

ground (0) and drum normal water level (1). 

Increasing the deposit thickness equally on all the walls makes the water level in the furnace descend faster, meaning 

that water evaporates faster. In case B the floor tubes are dry fastest after 1 hour and 45 minutes of simulation time. 

In cases C and D the water level rises in the furnace. The water is condensing in the furnace walls while evaporating 

form the screen platens. Figure 10 presents the point in time when the floor tube is found completely dry. 



 
Figure 10. Point in time when the floor tube module is completely dry. The points drawn on the graph present time, 

when the joint lowest elevation of the rear and front floor tubing reaches void fraction of 1.  

Since in cases C and D the water level does not descend to the floor tube level, no drying of floor tubes is observed. 

Cases A and B share similar profiles. In case BC2, drying of the total floor area is distributed on the span of 1 and half 

hours. The profile shape is different from cases A and B, because the amount of heat in the deposits is closer to the 

amount of energy needed to boil the water in the furnace walls. Corners dry first because generally the center area of 

the front and rear wall has hotter deposits, which create a stronger draft in the center compared to corners. In essence, 

center drains some of the water from the corners during the blackout. The effect of tube drying is analyzed briefly by 

finding maximum temperatures experienced by the nodes in table 6. 

Table 6. Statistical analysis of resulting maximum temperatures in the boiler tube materials 

Case 
Highest observed 

temperature [°C] 

Temperature over 400°C 

in # of nodes [-] 

BC2 445 8 

A 486 52 

B 515 64 

C 361 0 

D 364 0 

Cases A and D receive highest temperatures, and many nodes are found which rise over 400℃. Cases C and D, which 

were left with plenty of water at the bottom of the boiler stayed under 400℃ temperatures. We present highest node 

temperatures on the front wall of each case in figure 11. 



 
Figure 11. Maximum temperatures on front wall nodes. The points display highest observed temperatures in the 

nodes. Higher node number represents higher elevation. 

Cases A and B receive the highest temperatures, while cases C and D receive the lowest. The lowest nodes heat up 

the most because of thicker lower furnace deposits compared to the higher nodes. We observe inconsistent profiles 

especially on the lower furnace. On the front wall center cases BC2, A and B have a camelback shape. The drop 

formed between nodes 7 and 8 is caused by low initial deposit temperature (see figure 5) compared to the adjacent 

nodes.   

Highest temperatures are observer on the front wall corner in cases A and B. Steam circulation begins sooner in the 

center compared to other modules, which limits temperature rise in the center. The deposit thickness alone does not 

determine the highest temperatures. Floor nodes (nodes 1-3) on the front wall center receive higher temperatures in 

case A compared to case B. Steam circulation starts sooner in case B, which limits the overheating of floor tubes. 

Deposit model development 

The simulated deposit model is very rough. Two approximations are presented to model the deposits more accurately. 

 

 



  
Figure 12.  Different ways of perceiving furnace wall deposit accumulation. The analytical approximation assumes 

that deposit thickness is constant radially on the tube surface. The box approximations is to determine a 

certain deposit thickness from the tube zenith. 

We present two methods to calculate the deposit cross-section area with given thickness. First method is the box 

method, which approximates the area inside the red dashed lines. The second method is the analytical method, which 

integrates the deposit area between the red dashed lines. Now we utilize these methods to calculate the resulting 

deposit mass for each case. 

 



 
Figure 13. The deposit mass calculated with the box and analytical methods are compared to the deposit mass in the 

simulation. 

The greatest difference between the deposit mass used in the model and the mass approximated with the analytical 

method is found in case BC1. The analytical solution provides ~34% of the deposit mass compared to the mass used 

in the model. Box approximation works best with case B, where the deposit thickness is high.  

CONCLUSIONS 

A standard method to simulate power blackout in a kraft recovery boiler is successfully presented in this work. The 

model is possible to replicate for different sized boilers. Since no validation data was available for this study, it is hard 

to confirm how well the model performs. Much accuracy would be gained with an improved deposit model, which 

should be the first target of development. 

In case BC1 the tube material temperatures rise critically high on the lower furnace. In case BC2 the material 

temperatures rise also quite high, but remain noticeably lower compared to case BC1. In both cases, the corner floor 

tubes overheat more compared to the center because of the higher initial deposit temperature on the lower walls. We 

observed that the moving steam distributes the heat of the deposits around the boiler, keeping the material temperatures 

low and preventing most overheating of the lower furnace in case BC2. 

The sensitivity study reveals that even addition of deposit on the furnace walls causes the floor tubes to dry uniformly 

at the same time. Instead, when the deposit mass is decreased to a certain limit, the heat in the deposits is not enough 

to dry the floor tubes evenly, making the drying order of the floor tubes uneven and ominous. It is also shown in the 

deposit sensitivity analysis that addition of deposit mass increases material temperatures quite evenly. Lowering the 

steam drum pressure lowers the boiling point of water and therefore reduces evaporation of boiler water. 
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Introduction – Kraft recovery boiler
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1. Furnace
2. Liquor gun port
3. Bull nose
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5. Superheater
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Introduction – Water circulation system
• Natural circulation boiler
• The system includes

• Components, which receive heat
• Components, which don’t receive heat

Water circulation system presented
from the right side

Steam drum

Main inlet header

Screen

Boiler bank

Front wall

Rear wallWater flow
direction

Heat from
combustion

Insulation

Tube

FinDeposit



Introduction – Blackout
• Main and back‐up electricity systems fail
• Vital processes for the recovery boiler operation stop

• Worst case scenario: Tube damage water leakage
inside the furnace water‐smelt reaction causes a 
steam explosion

Water level

Residual heat of 
the deposits

Feed water

Combustion heat



Front wall

Rear wall

Model structure
Front wall discretization



CFD sampling
Determining the heat flux
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Deposit modeling

Boundary conditions:
1. Maximum 

temperature of the
deposit is 850C

2. The deposit thickness
on heat surfaces is 
fixed

3. Deposit properties are
homogeneous

Insulation

Deposit
Wall tube

Fin

Reality Simulation

Heat
node

850C
Fixed

Approximated heat
transfer area



Deposit accumulation

Deposit modeling

Location
Deposit thickness [mm]

BC1 BC2
Front and rear walls below liquor gun level 60 30
Front and rear walls above liquor gun level 10 10

Side walls below liquor gun level 20 30
Side walls above liquor gun level 10 10

Extended side walls 10 10
Ash hopper wall 10 10

Boiler bank 20 20
Rear wall screen 10 10
Vertical screen 20 20

Horizontal screen 1 1



Results (BC1 & BC2)

BC1 – dashed lines
BC2 – solid lines

Bulls nose

Compound ‐ CS

Floor

Roof



Results (BC1)

Wall module 1

Wall module 2

Wall module 3

Roof

Floor

0.92

0.64

0.26

0.09

0.086

0.95

Steam
circulation
starts



Results (BC2)

Wall module 1

Wall module 2

Wall module 3

Roof

Floor

0.92

0.64

0.26

0.09

0.086

0.95



Results
Location

Highest temperature,
BC1 [°C]

Highest temperature,
BC2 [°C]

Front wall, center 466 385
Front wall, corner 517 411
Rear wall, center 436 366
Rear wall, corner 524 365

Boiler bank platen, center 361 361
Boiler bank rear wall, center 343 342

Vertical screen, center 346 346
Horizontal screen, center 332 332

Ash hopper, center 338 341
Left side wall, center 349 408

Left side wall, below extended sidewall 374 422
Right side wall, center 344 390

Right side wall, below extended sidewall 348 365



Deposit sensitivity study
Results

Location
Deposit thickness [mm]

Reference
(BC2)

A
(+20%)

B
(+40%)

C
(‐20%)

D
(‐40%)

Front and rear walls below 
liquor gun level

30 36 42 24 18

Front and rear walls above 
liquor gun level

10 12 14 8 6

Side walls below liquor 
gun level

30 36 42 24 18

Side walls above liquor 
gun level

10 12 14 8 6

Extended side walls 10 12 14 8 6



Deposit sensitivity study
Results

Case

Highest 
observed 

temperature 
[°C]

Temperature 
over 400°C in 
# of nodes [‐]

Base 
case

445 8

A 486 52
B 515 64
C 361 0
D 364 0



Deposit model of the furnace walls
Difficulties

• On average, the analytical size is ~40% of the simulated
mass and the heat transfer surface is much larger in the
current model.

• The analytical approximation shoud be used in the future
for increased accuracy in the results

Reality Analytical
approx.

Box
approx.

Current



• A standard way of simulating power blackout is succesfully presented in this work

• A detailed model is created, which is able to:
• Simulate water level shifting and tube temperature changes in good detail
• Simulate dryout in vertical tubes

• Surprising phenomena was discovered
• Steam circulation

• What we need to develop further
• The deposit model

Summary
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