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Introduction

The objective of the project is to propose an innovative educational module at the
interface between experimentation and modeling. To clarify the link between these
two modes of understanding reality, we want to propose a short module (6 h)
concerning the analysis of the performance of heat exchangers. A first step of data
acquisition would be carried out on small-scale heat exchangers (micro-pilot),
leaving the students free to explore a large number of configurations and operating
conditions for this type of device. These data would then allow us to develop a
physical model (using open-source tools such as Python) describing the observed
phenomena and allowing us to consider their extrapolation to a larger scale. A
source of interest for the students for the module would be that they would generate
themselves the data that they would model whereas, in the current curricula,
experimentation and modeling are often approached in dissociated teachings.

General organisation of the educational module

STEP #1:

Data acquisition on micro-pilot by
carrying out a series of experiments
decided by the students

STEP #4

Comparison of the
extrapolated results with
measurements made on
pilot at larger scale

STEP #3 :
Extrapolation to a larger scale by using the
developed calculation code

Step #2 and #3 : Modeling results using Nu, Re, Pr

numbers and extrapolation at larger scale

Using Jupyter environment to create and share computational documents (using Python

programming language) for :
- observation and basic statistical tests on raw data

- nondimensionalization of the problem by calculating dimensionless numbers of
Nusselt, Reynolds and Prandt to capitalize on experimental data and consider

extrapolation at a larger scale
- determination of specific Nusselt number correlations
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Calculation of heat transfer coefficients for a tubular heat exchanger

We want to calculate the efficiency of heat exchange between a hot and a cold fluid circulating in a tubular heat exchanger This device consists of two
ncentric cylindrical tubes of length 10 m (diameter of the central tube 3 cm and diameter of the external tube 5 cm). Cold water at 20°C (cold fluid) flows at
arate of 1kg/s in the central tube and hot water at 80°C (hot fluid] flows at a rate of 2 kg/s in the annular space between the two tubes.

Hot fuid

Text block: problem
statement or answers
given by students

Cold fluid

For calculatio will n gl ect the resistance to the transfers by conduction in the thin metal wall separating the two fluids. We will also consider that the
den ty heat capa ty th rmal conductiv ty nd dynamic osity of water at 20 Care 1000 kg;‘m 4180 [ /kg/K, 0.6 W/m/K an and 10~ Pas respectively and
that the same properties are 970 kg,fm 4199 J/ke/K, 0.67 me,fK nd 3.4%107* Pa. f water at 80°C.

1. Calculate the comvective heat transfer coefficient for the flow of cold fluid in the internal tube

Entrée [2]: 1 from colorama import Fore
import numpy as np

rhoc=1808 #MDensity cold fluid, kg/m3

cpc=4188 #sSpecific heat cold fluid, J/kg/K

lamc=@.6 #Thermal conductivity cold fluid, W/'m/K
=1le-3 #ynamic viscosity cold fluid, Pa.s

Python code blocks : answers
computed by students with
numerical or graphical outputs

Example of Jupyter notebook
interactive development environment

d =1 #Mass j—'mw rate cold fluid, kg/s

tc
int=3e-2 #Diagmete in ernat tube, m
int=np.pi*Dint**2/4 #Section internal tube
Pint(FDPe.RED + T"The area of the section of the internal tube is
Pint()
c=(mdotc/rhoc)/sint #Velocity cold fluid, m/s
ec=rhoc*vc*Dint/muc #Reynolds number

equal to {Sint:1.3e} m\u@abz.")

18 int(Fore.RED + f"The velocity of the cold fluid in the internal tube is {vc:1.2f} m/s and the Reynolds number is {Rec:1.8f
rint(}
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Step #1: Heat exchanger micro-pilot

Shell and tubes micro heat exchanger

GUNT Hamburg
Equipment for experimental,
scientific and technical teaching
GSDE s.a.r.l.

181 Rue Franz Liszt
73000 Chambeéry, France

Tubular micro heat exchanger

Aim of the experiments: determining global heat transfer coefficient over as
wide a range of operating conditions as possible

Experimental design thought by the students (the small size of micro-pilot
allowing to reach quickly steady-state regime)

Operating conditions to be modified :

- mass flow rates of hot and cold fluid

- nature of cold fluid to cover a wide range of viscosity : water, glycerol
aqueous solution, glucose solution...

- inlet temperature of cold fluid (to see how the modification of the
thermophysical properties of this fluid with its temperature modifies the
performance of the heat exchanger)

- nature of the heat exchange module : coaxial tubular heat exchanger,

multitubular heat exchanger; plate heat exchangerQ

Aim : verify the validity of Nusselt number correlations determined in previous step
and prediction of the efficiency of heat exchanger at larger scale
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Conclusion

Through the development of this educational module located exactly at the
interface between experimentation and modelling, the aim of the project is to
awake students' critical thinking and creativity by insisting on the problems
commonly encountered in this type of approach: link between the precision of
the measurements obtained and the validity of the models, propagation of
measurement uncertainties in the calculations, analysis of the sensitivity of the
measured variables to the parameters of the models, sampling and repeatability
problems. This project also allows the emergence of a solid collaborative
dynamic created by the rapprochement of teachers, pedagogical engineers and
the team in charge of the development of the technological hall, to carry out

work together in a structured collective framework.

O
- . ' 7 27N
universite AgroParislech I N R A@ ICE
PARIS-SACLAY Talents for a sustainable planet NANTES - FRANCE

Young scientist event June 13, 2023



