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Overview of Presentation 

• Review of problem statement 

• Operation of dryer     

• Current situation 

• Design options 

• Future tasks 

• Gantt Chart 

• Conclusion  
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Introduction 

• Problem 

• Dryer 3 uses significantly more energy than the other 

four dryers to extract moisture from the product.  
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Dryer 3 
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Nestle Purina iFix Interface 



Current Situation 

• Previously determined 

• Efficiency compared to other dryers 

• 34.7 % less inch food per steam flow rate 

• Where largest losses occur 

• Steam traps 

• Heat exchangers 

• Progress 

•  Cost analysis of natural gas dryer complete  

•  We have modeled the existing steam system 

• Interactive Thermodynamics 

• steam  

• natural gas 

• Model adjusted to match dryer data 
• Assumptions 

• Correction Factor 
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Design Plan – Option 1 

• First option: replace steam coils in the dryer with 

natural gas heat exchangers 

• Analyze natural gas heat exchanger  

• Use data from Clinton heat exchangers 

 

• Heat Exchanger Properties: 

• 5.38 MBTU/h  
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Natural Gas 

Plant Usage (cf) 2/27/13 

Top Meter 927,400.00 

Bottom Meter 165,400.00 

West Meter 3,000.00 

Dryer 5 98,076.00 

Total: 1,193,876.00 

Calculations 

Energy per cf (btu) 1,028.00   

Total Energy in a day (btu) 1,227,304,528.00   

Total Energy in kbtu's 1,227,304.53   

Cost January 2013: $155,547    

Plant Usage January 2013 (cf) 29,356,000.00   

cf/dollar 188.73    

Price / Mcf: $5.30 NOTE: 1 Mcf = 1000 cf 

Price / MBTU $5.16 BTU x 10^6 

Clinton Nat. Gas Dryer Usage 98.076 Mcf per day 

Price / Mcf $5.30    

Price / Day $519.80    

Option 1 – Natural Gas Calculations 



Design Plan – Option 2 

• Second Option: Replace steam in system with hot 

exhaust gas 

• Run analysis for replacing steam with hot exhaust 

gasses 

 

• Make reasonable assumptions… 

• temp of exhaust gas approx. 500F  

• pressure approx. 20 psi.  

• thermo analysis 

• heat transfer can be approximated 
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Heat Exchanger  
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Source: Moran, Michael J., and 

Howard N. Shapiro. Fundamentals 

of Engineering Thermodynamics. 



Thermodynamic Model 
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Thermodynamic Analysis  

•
𝒅𝑬

𝒅𝒕
= 𝑸𝒊𝒏 −𝑾𝒐𝒖𝒕 + 𝒎𝒊 𝒉𝒊 +

𝑽𝟐𝒊

𝟐
+ 𝒈𝒛𝒊 −  𝒎𝒊 𝒉𝒆 +

𝑽𝟐𝒆

𝟐
+ 𝒈𝒛𝒆                     

 

• Where:  
 h Enthalpy 
 𝑸𝒊𝒏 Heat in 
 𝑾𝒐𝒖𝒕 Work done 
 𝒎  Mass flow rate 
 V  Velocity of fluid 
 g  Gravitational constant 
 z Elevation 

 

 

 

• Heat exchanger control volume analyzed twice with steam and 
exhaust gas/air 
 

• Source: Moran, Michael J., and Howard N. Shapiro. Fundamentals of 
Engineering Thermodynamics.  11 

Air 

Steam or 

Exhaust 



Thermodynamic results 
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Cost:  193.8        

           $/day  

Cost: 158.2  

           $/day   



Future Plans 

• Expand model 

• Verify data with existing natural gas dryer 

• Design a modified natural gas dryer and analyze it 

using our numerical model 

• Solidworks heat exchanger model  
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Source: Solidworks example 



Spring Semester Gantt Chart 

14 

1/14 2/3 2/23 3/15 4/4 4/24 5/14

Reevaluation of progress and issues

Presentation and report

Define Natrual Gas and Steam numerical model

Analyse and verify # model with existing data

Presentation and report due

Design new NG dryer model

Final presentation

Completed (Days) Remaining (Days)



Conclusion 

• Dryer efficiency improvement  
 

• Design plan (2 options): 

• Analysis using natural gas heat exchanger 

• Analysis replacing steam with exhaust gas 

 

• Numerical simulation 

• Fuel/cost efficiency 

• IT (Interactive Thermodynamic) software 

 

• Future plans 

• Design modified natural gas dryer  

• Expand model to include steam traps 
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