
Accepted Manuscript

Research Paper

Industrial scale engineering estimation of the heat transfer in falling film juice
evaporators

Piotr Cyklis

PII: S1359-4311(17)30082-0
DOI: http://dx.doi.org/10.1016/j.applthermaleng.2017.05.194
Reference: ATE 10509

To appear in: Applied Thermal Engineering

Received Date: 5 January 2017
Revised Date: 3 May 2017
Accepted Date: 31 May 2017

Please cite this article as: P. Cyklis, Industrial scale engineering estimation of the heat transfer in falling film juice
evaporators, Applied Thermal Engineering (2017), doi: http://dx.doi.org/10.1016/j.applthermaleng.2017.05.194

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.applthermaleng.2017.05.194
http://dx.doi.org/http://dx.doi.org/10.1016/j.applthermaleng.2017.05.194


  

Industrial scale engineering estimation of the heat transfer in falling film juice 

evaporators 

Piotr Cyklis, Institute of Thermal and Process Engineering, Mechanical Department, Cracow 

University of Technology, 31-864 Krakow al. Jana Pawla II 37, pcyklis@mech.pk.edu.pl 

 

Abstract 

Falling film, shell-tube type evaporators are commonly used heat exchangers for the 

production of fruit juice concentrate. Evaporators are one of the main energy consumers in the 

fruit processing plants. Number of effects influences energy consumption. The main problem in 

the design of the exchanger is the reliable estimation of the overall wall heat transfer coefficients 

for all effects in real operating conditions. Most literature sources for the heat transfer 

coefficients are based on laboratory measurements, where the tubes are usually short, no fouling 

exists and the flow rate is carefully adjusted. This paper shows the heat transfer coefficients 

estimated in real industrial operating conditions, on the basis of several operating evaporators 

investigations in the fruit processing plants. Estimated values are compared with recognised 

formulas from literature.  As a summary, the design heat transfer coefficients are given for each 

effect of the falling film evaporator for juice concentrate production. 
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Nomenclature:  

Latin letters: 

A - area  m2  

b - sugar content in solution  oBrix  

cp - solution specific heat  kJ·kg-1·K-1  

cpw - water specific heat  kJ·kg-1·K-1  

din - tube internal diameter 

dout - tube external diameter 

g  - gravity acceleration = 9.81 m·s-2 

h - specific enthalpy  kJ·kg-1  

I, 𝐼 ̇     -   enthalpy  kJ , enthalpy flux  kW  

k - wall heat transfer coefficient  kW·m2· K-1  

l - length  m  

�̇� - mass flow rate  kg·s-1  
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