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Change is not obvious at first sight

Internet in the 90’s Internet NOW



Change is not obvious at first sight

Furnaces Now Furnaces in the near future
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OBJECTIVE



 This report presents the results of 

an Industry 4.0 analysis of a forging 

furnace, using the concept of a 

Digital Twin. 

 The purpose is to validate the use 

of these techniques for the design 

and operation of furnaces in the 

forging industry.

Objective



 A digital twin is a virtual 

representation of a physical

asset of not only its dimensions

but also it dynamics. 

 With a digital twin you can:

 Predict how assets will change

over time

 Decision support in real time.

 Get design feedback

Digital Twin
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EXPERIMENTAL DETAILS



 The following analysis was based

on a furnace in Nutec Bickley’s

laboratory.

 The car-bottom furnace has 6

control zones and a maximum

operating temperature of 1300°C.

 It has a data acquisition system

which is vital for any Industry 4.0-

based analysis. Process-relevant

variables such as gas flow are

measured and recorded in both real

time and a historical data base.

FORGING FURNACE



 The operating temperature of the 

survey is of 900°C.

 A stainless steel rack was 

fabricated to position the 

thermocouples inside the furnace. 

Given the size of the furnace, 8 

TC’s were positioned as seen in the 

following images.

Temperature uniformity survey parameters



Survey results – TC’s and outputs

 The following graph plots the temperature of the 8 thermocouples placed inside the furnace during the 

survey, as well as the burner outputs obtained from the furnace’s data acquisition system during the 

survey.

 The output results are a useful tool in building a digital twin of the furnace, while the temperature 

results are used to verify the simulation results.
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RESULTS – FUEL CONSUMPTION



Survey Results – Fuel Consumption

 The following graph plots the fuel flow during the survey. The furnace’s gas 

flow was obtained during the survey using the data acquisition system.

 This fuel consumption curve will be used to compare the output of the 

furnace’s digital twin to validate the results.



 K10® is a software developed by 

Nutec Bickley that models the 

thermodynamic behavior of batch 

furnaces and ovens.

 The furnace’s walls, loads and cycle 

are used as inputs to simulate air, 

gas, and heat flows inside the furnace.

 The software returns valuable 

information that is used for the 

furnace’s design, such as the 

temperature profile of loads and walls, 

gas flow during the cycle and the 

thermal capacity required for the 

burners.

Fuel consumption software – K10 ®



 A simulation using our K10® software was run using 

the furnace’s operating parameters, such as 

refractory, installed burning capacity, and target 

temperature.

 The graph shows the calculated fuel gas flow 

compared to the measured fuel gas flow during the 

survey.

 The gas flow curve calculated by Kiln10® software 

has approximately the same shape as the one 

measured during the survey.  Also, both curves 

show the same peak of maximum burner power at 

around the 35-minute mark.

 During the survey, a total of 21.16 m3 of natural gas 

was used. Kiln10® results show a total calculated 

consumption of 20.90 m3. This is a difference of

only 1.2%, which is a remarkably good result for a 

model.

K10 Software – Furnace Fuel Consumption Results
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RESULTS – TEMPERATURE UNIFORMITY



 Computational Fluid 

Dynamics (CFD) simulations 

are a great Industry 4.0 tool 

to analyze, design, and 

optimize forging furnaces.

 With CFD simulations, we 

can study the furnace’s 

behavior, obtaining valuable 

information such as load 

heating times, air flow 

distribution, and temperature 

uniformity.

CFD SIMULATIONS FOR FORGING FURNACE 

ANALYSIS
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CFD SIMULATIONS FOR FORGING FURNACE 

ANALYSIS



 The images on the right show the 

model used to simulate the 

furnace’s heating during the survey, 

compared with actual images of the 

furnace. 

 Creating the model is an important 

step when simulating a furnace’s 

operation, since it needs to capture 

the furnace’s geometry while 

keeping it simple enough so that 

there are no problems when 

creating the mesh for the 

simulation.

SIMULATING THE LABORATORY FORGING 

FURNACE



 A simulation was run to model the

flow and temperature distribution

inside the furnace during the survey.

 Both design parameters (refractory,

furnace dimensions, burner locations)

and operating parameters (burner

calibration, set point) were considered

for the simulation in order to obtain a

realistic model for the furnace.

 The simulation includes both

turbulence and flow, as well as heat

transfer, which includes both the hot

air injected by the burners and the

radiation within the furnace.

CFD SIMULATION OF THE LABORATORY 

FURNACE



 The table shows the measured temperatures at

the same point within the furnace, both during

the survey and the simulation when the furnace

reached a steady state.

 With the exception of two TC’s all measured

points in the CFD results are within less than

5°C of the actual measurements.

COMPARISON OF TC TEMPERATURE – CFD VS 

SURVEY

TC Survey CFD Difference

1 891°C 898.5°C -7.5°C

2 892°C 892.7°C -0.7°C

3 904°C 885.3°C 18.7°C

4 902°C 898°C 4°C

5 894°C 898.4°C -4.4°C

6 898°C 897.9°C 0.2°C

7 892°C 889.8°C 2.2°C

8 900°C 901.4°C -1.3°C



SIMULATION RESULTS – TEMPERATURE 

CONTOURS AT TC LOCATIONS

TC Survey CFD Difference

1 891°C 898.5°C -7.5°C

2 892°C 892.7°C -0.7°C

3 904°C 885.3°C 18.7°C

4 902°C 898°C 4°C

5 894°C 898.4°C -4.4°C

6 898°C 897.9°C 0.2°C

7 892°C 889.8°C 2.2°C

8 900°C 901.4°C -1.3°C
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CONCLUSIONS



 Industry is changing fast with the adoption of smart connected solutions. 

 The concept of a digital twin for the furnace can help in predicting how it will

perform over different conditions.

 Current technology can help you understand whether your furnace is operating in 

optimum conditions on real time using advanced mathematical tools (K10® 

software)

 Computational fluid dynamics coupled with furnace operating data can help you

improve temperature uniformity on heat treating furnaces.

Conclusions
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GET YOUR DIGITAL TWIN NOW!


