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A LABORATORY COURSE IB TRABSPORT PHEBOMEHA 
by 

B. J. Croab7 
Un1vera1ty ot Wiaoonain 

When the Daepartment of Chemical Engineering at the University •or Wiecone1n 
deo14ed to introduce a lecture course on Transport Phenomena into its undergradu­
ate curr~culvm, it vaa alao decided to establish a concomitant laboratory oourae. 
It waa tel~ that 1natruct1on in Transport Phenomena would be moat effectiye when 
the lect\tl'e vaa supplemented with laboratory work. '!his new laboratory course 
replaced a course in Technical Analysis which has outlived its usefulness in the 
modern ohemi.cal engineering curriculum. The following discussion reviews the 
baaic· phil6aophy behind this course, the general principles which are demonstrated 
by experimentation, those experiments which are now in use along with contemplated 
new exper1menta, and the results or one yearta experience in teaching this course. 

G AL PHILOSOPHY 

The main objectiv•of this course are to demonstrate some physical aapeota 
or the subject matter covered by a course in Transport Phenomena, to demonstrate 
certain properties of matter which are encountered with a course in llaterial and 
Energy Balances, and to enlarge on the classroom d1acuaa1ona wherever desirable. 
A• this ij the first engineering laboratory taken by students studying chemical 
engineering, the aims of the course are somewhat broader than the above objectives 
would indicate. In general, these aims are: 

l. To illustrate the theoretical principles presented in the aforementioned 
courses. Major emphasis is placed on the testing and application or the theor­
etical relationships used to describe the system under study, rather than the 
development of these relati9nships. The latter, however, 11 not neglected. 

2. To illustrate and test the effectiveness of various experimental measuring 
techniques. These techniques are subjected to either detailed or approximate 
theoretical analysis wlienever such is warrented. 

J. To teach the student how to handle and interpret experimental data of the 
quality usually encountered by engineers. These data are usually not aa exact as 
those obtained ·1n laboratories connected wi tb courses in chemistry and phyaica. 

4. To develop the student• s ability to observe and reason, ,arti_cularly vi th 
reference to the extension or basic theory to practical problems and the use of 
simple models to describe complex systems. · 

5. To give the student practice i ~ organizing and presenting hie results 
effectively. 
No effort is made to teach creativity per ee in this laborat ory. There i s not 
enough time available for such instruction even if this were the only aim of 
the course. At this stage of the student•a · educat ion the course aims listed 
above are felt to be of more importance. 

To include or illustrate every aspect of the basic principles in Transport 
Phenomena is obviously not possible in a single laboratory course. However, the 
course described here provides a good introduction. Both s teady-state and unsteady­
state operations are studied; all three states of matter are encol.mtered; situat­
ions involving both laminar and turbulent fluid flow are investigated. 

PRINCIPLES DEMONSTRATED 

The key to Transport Phenomena is the equations or change. These equations 
contain thermodynamic properties of matter such as densi\y ana heat capacity and 
transport properties such as viscosity, thermal conductivi ty and diff usi vity. 
With the aid of these equations it is possible to determine the velocity, t emper­
ature and concentration profiles in a system; to obtain dimensionless correlations 
tor the coefficients of 1interphase transport(friction factor, heat-transfer coef!'ic• 
ient and mass-transfer coefficient); and to develop the macroscopic(over-all) 
balances for mass, energy and momentum. 

. The experiments in this course deal with measurements or certain thermo-
dynamic properties, the three main transport properties, the three types of 
profiles, the three transfer coefficients, and certain applications of the 
macroscopic balances. The organization of these experiments ia shown in table 1. 
Exp,riments in Groups A and B ere covered before those in Groupe 1 through 12, 
and the experiments in Groups 1 through 12 can be followed either by row or 
collumn without losing continuity in the subject matter. In the course described 
here, · the experiments are taken up by column as this is the order in .which the 
subject matter is covered in the lecture. 
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In designing the experiments tor this laboratory, it vaa attempted to aatisfy 

following basic requirements: 
1. The experiments muat be simple to understand. The main points muat be 

extremely clear, both theoretically and experimentally. 
2. The. experiment must be eaay and q¢ck to perform. The time required tor 

obaenation and calculations should not exceed one laboratory period. 
). Analytical procedures and instrumentation must be as simple as possible 

so as not to distract trom the main purpose of' the experiment. 
. 4. The process 1mder study should be such that it can be described mathemat-

ically in some detail. r~-

Thoae experiments which have been developed and are in use are listed tn 
Teble 2. A complete description of' these experiments can be found elawhere i) 
The •~e~1menta iii Groups l through 8 are similar to those which are in u•e ip 
many "unit operation•" laboratories. One aspect of these experiments which may 
be.or special interest la the portability or the equipment. In Figures 1 2 a 4 
and 5 are shown equipment from experiments in Groups 2,3,5,6 and 7. The ~q~p~ 
ment 1a either easily disassembled or readily removable from the laboratory as 
a ,mit. 

The experiments which are not common to undergraduate chemical engineering 
laboratories are those dealing with mass transfer, Groups 9 through 11. 

Por the measurement of binary diffuaivitiea it has been found that a diff­
usion cell similar to that used first by Loschmidt gives excellent results. 
Figure 6a shows the construction details of this diffusion cell and also shows 
the proper location of the two gas chambers when the cell 1a being loaded or 
flushed out. Figure 6b shows an actual cell under operation with the two gas 
chambers located so as to allow eguimola~ counterdiffuaion to occur. To make the 
analysis scheme aa simple as possible, one of the two gases used in this exper­
iment is always carbon dioxide. After the diffusion process is s~opped, the total 
amount of carbon dioxide in each gas chamber is analyzed by flushing the gases 
in each chamber through previously weighed drying-tubes containing "Ascarite" . 
This analysis scheme gives material balances consistent within± 3 percent and 
the measured diffusivities agree with accepted values within t 6 percent. 

It has been found that concentration profiles in a stagnant gas film can be 
measured synthetically generating a very thick film which can be divided into 
sections for analysis. The construction details for such ·· a piece or equipment are 
shown in Figure 7a. One of the two chemical species in the film is a gas and the 
other is a condensable vapor whose source is the liquid reservoir at the base of 
the film. The film is sectioned off by rotating alternate sections of the eq~p­
ment as indicated. Figure 7b shows an actual unit in operation. The average cqnc­
entrations of the gases in each section of the equipment are determined by flush­
ing the contents of each section through miniature, pre-weighed cold traps. The 
vapor component is thus condensed out and its mass is readily determined. The 
concentrations are then easily calculated with a knowledge of the dimensions of 
or each of the aectlons in the equipment. This analytical procedure will give 
good results if done with proper care. The measure profiles agree excellentlYi 
with the theoretically predicted profiles. 

Mass-transfer coefficients are readily measured by means of wetted-wall 
columea. The construction details for the wetted-wall col 11mne in present use 
are shown in Figure 8a. Water and air are the two chemical species used in this 
experiment. A laboratory unit with two wetted-wall co1,1mr1tt of different diameters 
11 shown in Figure 8b. A closed-circuit system for the water allova for a simple 
measurement of the rate of mass transfer. 

Besides those experiments which are now in use, others are being planned. 
some of the new experiments which are etth,r being contemplated or being devel­
oped are listed in Table J. 

CLASS SCHEDULE 

The laboratory amounts to one four-hour session per week. A review or the 
theory ana a diacuaaion or the experimental procedure is covered in a one-hour 
recitation and quiz period preceding the laboratory proper. The require• ~xp•r­
imental work and oaloulationa are performed in the remaining three hour•• The 

( 1) Experiments in Transport Pnemomena, by E. J. Crosby, John Wiley & Sona, Rev 1
, 

York (1961). 
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perforaanoe ot the calculations under the •upen1•1on of tbe 1utruotor ha• 
proTen particularly advantageou• to the student. Error• are rea4117 t~m4 ad 
clar1ried and con•id,rable time 1• • aved. The • tudent preaent• the Naalt• ot 
'he experiment in the fol'II or a abort report· oonaiating of an ab•traot, a 
•ummsry or reaulta, adiaouaaion and a list or aample calculat1ona. Only tu 
abatract and d1aouaa1on are· prepared outside the olaa•rooa. 

RESULTS 

Th1• laboratory baa been 1n operation a1noe SepteJlber 196i, and the exper­
!•enta now 1n u• e were teated tor one or two aelll8atera before the oovae 1Msan• 
During thia period the aajor1t7 or the probl••• that have ari•en 1n oonneotlon 
with the operation or the experimental equipment have been aoln4. However, a01U 
of the equipment la • till being • oditied to glye • ON tleziblllty and better 
experimental reault• • 

Experlenoe to date indicate• that the aiu or thi• courae are tultilled. 
Prom the pedagogical viewpoint, the beat reaulta are obta1md when the • tudent 
ia aimultaneoualy enrolled in the lecture oour•e and laborato197 coar•••• When 
both cour••• are taken together, the • tudent•• progre1• in the tollovlng covae 
dealing with Tran1port Proo••••• (unit Operation•) 1• coulderabl7 aooelerated. 
In thoae ca••• llb•r• the laboratory baa been delayed until atter the leotUl'e 
oourae, progrea• in the upit operation• coarae la •owewhat •lover. Of partlolllar 
benefit· to the atudent are the numerical evaluation• carried out in the labor-
atoey in oomeotion with tbeor•tioal work talmn up in the lecture. . 

' 

& llUllber or college• and unlveraltie• are nov preparing to otter a a1• ,1ar 
laboratory course in connection with a lecture oov•• in !ruaport Phenwna. the 
choice or qualitied iuatruotor• tor such a prog~a• 1• v•'J!'J 1• portant. The labor• 
atoey inatructor1 mu•t be aa well qual1t1e4 •• tho•e vho leoture. Thi• tlnal 
point (\•nn~t be e• phaa1Nd enough. 

TABLE l ---
ORGANIZATION OF EXPERIMENTS 

Matter Energy 
. - - - --~---

Thermodynamic ~eriment Experiment 
Properties Group A Group B 

. - ·-
Transport of Transport of Transport of 

Momentum Energy Mass 

Transport ~eriment ~ertment ~eriment 
Group 1· Group 5 Group 9 Properties 

Profiles Experiment Experiment Experiment 
Group 2 Gro~p 6 Group 10 

Transport Experiment Experiment Experiment . 
Group 11 Coefficients Group 3 Group 7 

' 
. 

Experiment Experiment Macroscopic Experiment 
Balances Group 4 Group 8 Group 12 

. 
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Subjeot ot B9eri11ent 

Pn••ure-Volw-'f•mp•ratUN BehaTlor ot Real Ga•••• 
V1•ooa1tlea ot •evtollian Llquida. 
Veloolt7 Protile• ln Circular Tubea (turbulent tlow). 
Prlotion Paotora tor Plo~ in Circular hbea. 
Bttlwc Tl•• tor a !ank with Exit Pipe. 
!ml'll&l OonduotlTlty ot~_$olida (unateady•atate -thoct). 
temperature Protlle ln Long Roda. 
Beat !ranater Coettiolent1 in Clroular !ubea. 
Beatlng . Llquida ln '1'.ank: Storage. 
DlttualTity in Ga••• (unateady-atate method). 
Coaoentratlon Profile• in a Stagnant Pila. Ila•• 'lranater Coettlolent1 ln Circular Tube•. 
Beating Value ot a Puel Gaa. 

TABLE 3 
IEw BXPERIMElffS BEI•O OOftBMPLA'l'ED 

. . 

Subject ot Bxperlmen~ 
Partial Molal Propertiea. · 
Y1•ooalty ot Ga•••J Propertl•• ot Bon-Bevtonlan Llqu14a. 
VeJooi ty Protllea ( lust nu1·tlow) . . 
Drag Coettiolenta ror Plow Around SubMrged Sphere•• 
Str••••• ln Pipe Ploturea; Reaponce Charaeteriatio1 ot 

an Illpaot hbe. 
!henal Coaduot1T1~ in Solid• and Pluida(ateady-atate -tbod). 
Teaperature Prot11•• in Plowing Pluida. · 
Beat-Tranater Coettlolent1 in Jacketed Kettl••• 
Operation ot Steam !urbine•J Operation ot Air Compre• aora. 
DlttualTlty 1n O&aea (ateady-atate -thod). 
conoentration Profile• 1n A Plowing Plul4. M•••~an•ter co,ttioient• tqr Submerged Spher••• 
Seai-Batoh, 1 Liquld•Ph••• Reaotora • . - ----··-- ---.. - .... -· - --·-··· - .. . ·- .. ····- - · 

ItEPEREICE 'l'O FIGURE BUMBERS 
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Figure No. in Laboratorz Manual1 
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1 Experiaent• in Tran1por~ Phenomena, ·by. E. J. Cro•by, 
John Wiler and Soni, Bev York,_ 1961 • . 


