
3. Experiment on the Process Dynamics of Liquid 
Level Control 

The dynamics involved in liquid level control 
of a simple one-tank system, and a two-tank sys­
tem involving interaction are investigated. 

The students first determine the relationship 
between proportional band setting and controller 
sensitivity or proportional gain. The transfer 
functions for the transducer _ ( converts liquid 
height to psi), the control valve, and the process 
are then determined. 

After all transfer functions are determined, 
the student then proceeds to determine the best 

Figure 3. Liquid Level Control. 
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At the present time there are three universi­
ties that are offering degres in Chemical Engi­
neering in Ecuador. There is one other university 
that offers a degree in industrial chemistry based 
on the European system. Two of the schools of 
chemical engineering are located in the capital 
city of Quito and the other is in the port city 
of Guayaguil. Having two schools in the same 
city producing chemical engineers in a country 
where the chemical industry is next to nonexist­
ent is a bit unusual and one may question why 
this development. The Politecnic University in 
Quito is under the UNESCO auspices and most 
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mode or combined modes of control which will 
result in bringing the system to the desired 
operating level in the least amount of time with 
minimum overshoot and oscillations. 

The appropriate control equations are ob­
tained from the complete process block diagram 
and experimental results are compared to theo­
retical predictions. 

4 . Experiment on Heat Transfer Coefficients 

Two 1 :2-pass shell and tube heat exchangers 
are interconnected to permit procurement of the 
overall heat transfer coefficients resulting from 
a 1 :2- or a 2 :4-pass shell and tube heat ex­
changer. 

Individual inside and outside coefficients for 
both heating and cooling can be calculated from 
the data obtained in the experiment. The stu­
dents can also determine the correction factors 
involved between true countercurrent flow heat 
exchangers and multipass exchangers. 

5. Floor Plan of Laboratory 

The new Penn State laboratory occupies a 
100 ft .. by 30 ft. room, partitioned into cubicles 
10 ft . by 8 ft. constructed from transite sheeting 
and . Unistrut channels. 

George Klmz111g received his BS degree in Chemical 
Engineering from the University of Pittsburgh and his 
MS and PhD from Carnegie-Mellon University. H e spent 
three years teaching and consulting in chemical engineer­
ing at Central University in Quito, Ecuador. His interests 
are transport phenomena and engineering education in 
and technology transfer to developing countries. 

of the advisors who have served there have been 
Europeans. The program of assistance to Cen­
tral University was one of the total development 
of the University. To have left the School of 
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Chemical Engineering from this program would 
have had severe consequences. 

CENTRAL UNIVERSITY 

Central University has a student body of 
some 5,000 students. Most of the classes are held 
in the early morning from 7 to 9 a.m. and in the 
late afternoon from 5 to 9 p.m. This is necessary 
since the majority of the students and professors 
are part-time. The part-time situation arises 
from an economic need. Some of the students 
must work to live and the professors must aug­
ment their meager University salaries by addi­
tional jobs. For the most part teaching at the 
University is a highly prestigous matter. The 
professors who thus elect to teach in the Univer­
sity are usually concerned with the educatio.n 
of students. 

In Chemical Engineering the number of part­
time students is not very great. Most of the 
students in Chemical Engineering are full-time 
although the faculty does not operate on a full­
time system. 

STUDENTS 

Students in Latin America play a more active 
role in University affairs than students in the 
United States. At Central University in each 
faculty of the University there is a student repre­
sentative on the University Council, and each of 
these students has a vote on an equal basis with 
deans and administrators in establishing Univer­
sity policy even in financial transactions and 
possibly the hiring and firing of professors. 
Temporary closure of the University for a period 
ranging from a few days to a few weeks because 
of political instability is anticipated at least once 
a year. 

CHE AT CENTRAL UNIVERSITY 

In 1963 when the University of Pittsburgh 
began its contract with Central University, the 
School of Chemical Engineering was a part of 
the Faculty of Natural Sciences and Chemistry. 
The other components of this faculty were the 
School of Geology and Mines, the School of Bio­
chemistry and the School of Pharmacy. The 
arrangement of schools in this faculty seems like 
an odd combination but this type of arrangement 
often arises in Latin America. The School of 
Pharmacy preceded the others in age and thus 
when chemical engineering was enacted as a 
school in 1950 the obvious place to put it in the 
university structure was where the chemists 
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were. In the majority of Latin America Chemical 
Engineering is a relatively new field. In 1966 the 
Schools of Chemical Engineering, Civil Engi­
neering, Geology and Mines were combined into 
one Faculty of Engineering. The Faculty is 
headed by a dean and each school is supervised 
by a director. 

The program of study prior to 1966 for Chem­
ical Engineering required six years. The first 
year of study was a preparatory course intended 
to make up the deficiencies that existed in the 
student's preparation in the secondary schools. 
Chemical Engineers in developing nations do 
need a different program from those in the de­
veloped countries although a certain basic core 
is needed in order to call a program Chemical 
Engineering. 

In viewing the curriculum at Central Univer­
sity as well as at any of the Latin American Uni­
versities one must continually keep in mind that 
state of the technology of the developing nations 
is different than that of the developed. The engi­
neer in the developing nations must be educated 
along avenues that are much broader so that he 
will be able to cope with more of the total prob­
lem. The student must employ his ingenuity to 
a greater extent when he leaves school in order 
to apply the principles of his engineering educa­
tion to his developing country. 

The engineering student must know some­
thing about the laws of his country in relation to 
business practices, and accounting and mana­
gerial abilities are additional areas where the 
student must be proficient. He will have to be 
able to deal with many unskilled laborers, some 
not even speaking his language. 

One area that must be emphasized to the 
student for progress in the developing countries 
is the utilization of products natural to the coun­
try. Food processing and preservation is essen­
tial for development. This is first necessary on 
a national basis then with time creating an in­
ternational market for the products. Extraction 
of chemicals and drugs from local vegetation is 
a very profitable endeavor and provides an eco­
nomic international market almost immediately. 
A very thorough and complete geological study 
must be done for the exploring of new areas for 
production. 

CURRICULUM MODIFICATIONS 

Modifications were enacted in the curriculum 
of the School of Chemical Engineering after 
three years of meetings, discussions and debates 
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on the relative merits of most every point and 
professor. The number of total hours present 
in the curriculum was decreased. The program 
was also modified in order to present courses in 
a much better manner with the preparation of 
syllabi and detailed laboratory programs with 
assistants to aid with the latter. One major 
change was the reguiation regarding the thesis · 
requirement and graduation procedure. The old 
regulations required that the student on com­
pletion of his course of study of six years would 
prepare a thesis on a subject that was usually 
an economic and engineering analysis of the pro­
duction of a material natural to Ecuador. Be­
cause of this long and involved process very few 
students who finished their courses "egresados" 
ever completed the tedious remaining tasks and 
thus never completed the requirement for the 
title of "ingeniero." This requirement was elim­
inated for the more practical program where the 
student in his last year of study would choose 
a thesis topic and an advisor under whom he 
would work. At the finish of the thesis he would 
have an oral examination. At a prescribed time 
the people completing the above requirement had 
a graduation. During the first of these gradua­
tions eleven people received their degrees. Most 
of these had finished their course work within 
the previous six years. This practical procedure 
thus permits in principle the assimilation of the 
graduate into the technical structure of the 
country the quickest way possible after gradua­
tion. 

EQUIPPING THE FACILITIES 

The equipping of new facilities was accom­
plished via the funds of AID under the contract 
of the University of Pittsburgh and Central Uni­
versity. Along with this grant fund Central 
University also received a loan from the Inter­
american Development Bank. These funds were 
used to develop the laboratories and libraries of 
the School. The equipment purchased represented 
a distribution of experiments in Unit Operations, 
Transport Phenomena, Control and Kinetics. 
Equipment for analysis, machine shop and ex­
pendable items such as glassware, chemicals and 
solvents were also bought. All the books in Span­
ish in the field of Chemical Engineering and re­
lated fields were purchased. It might be noted 
that this amount was quite small; thus the re­
mainder was ordered in English. These books 
were catalogued and placed in the library for 
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Programs of assistance ... should have high aims; ... 
and must be adapted to the culture where they are 
applied ... 

student use. This is quite unique for inost li­
braries in Latin America. In general, libraries 
are poorly organized and students rarely can 
use the books since they are under lock and key. 
The reason for the latter is the ugly phenomena 
of "caucion" which is a national law admin­
istered by the government whereby the person 
in charge of the library and laboratories is per­
sonally financially responsible for all the items 
in these facilities. If a book is lost or in bad 
condition, the librarian must pay for the loss or 
damage. If a piece of laboratory equipment is 
broken or damaged then the same applies. The 
result in this system is that the librarian and 
stockroom keeper rarely let things out of their 
storage areas. 

LABORATORY INSTRUCTIONS 

The basic principle behind laboratory work 
is to reenforce the classroom theory with prac­
tical experimentation. Rarely if ever did this 
exist at Central University on an individual basis 
prior to 1963. The normal operating procedure 
was for the professor to do the experiment in 
front of the class or to have a large group of 
students attempt the experiment which resulted 
in one or two doing the actual work. The "cau­
cion" system was one thing to hinder individual 
work because of lack of equipment. When indi­
vidual work was initiated at the University, the 
students progressed rapidly because for the first 
time they were given the responsibility of items 
of equipment. They learned to respect the equip­
ment and treat it as their own. With the enaction 
of the individual laboratory early in the student's 
academic career it is believed that this gap will 

. be eliminated. 

CONCLUSION 

Programs of assistance to Latin American 
Universities should have high aims but should 
realize that it takes time to achieve these aims. 
Programs must be adapted to the culture where 
they are to be applied. Imposing standards of 
the developed nations on the developing is all 
wrong. Curriculum changes were enacted in 
Chemical Engineering at Central University 
keeping this premise in mind. Student class hours 

(Continued on page 152) 
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momentum boundary layer thickness 
concentration boundary layer thickness 
angle of inclination of baffle 
viscosity 
density 
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KLINZING: ECUADOR (Continued from page 146) 

were reduced from 40 or 50 per week to 25 or 
30 per week. The complicated thesis regulations 
were modified to a more efficient system. Scholar­
ship programs for students and profes13ors to 
improve their knowledge and return to their 
Universities seem to be the salvation for many 
Latin American Universities. Responsibility 
needs to be fostered in the students in Latin 
American Universities. This cannot be accom­
plished unless they are given the opportunity to 

·practice it in and out of the classroom. In En­
gineering assistance programs the work is much 
easier than in other areas such as History, Ad­
ministration, Education, etc. The reason for this 
ease is because the amount of physical equipment 
that can be employed in this type of assistance. 
People are anxious to change and accept new 
ideas when they see one of the means of change 
physically before them. Cooperation was excel­
lent and enthusiasm for improvement notable. 
The School contains many capable and dynamic 
professors and administrators. It is believed 
with this leadership the School will progress at 
a steady rate. One working in these programs 
of assistance should be flexible in operation and 
ideas. He should not concede on ideals. For full 
effectiveness in such a program a tour of duty 
should be no more than two years. Speaking the 
language of the host country is an invaluable 
asset in the entire endeavor. 
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The wild areas of the U.S. have had a bad ten years. 
Visits to most of the National Parks are rationed. This 
caused people to flock to adjacent wild areas. The use of 
motorized bikes, snowmobiles and helicopters has opened 
even the most remote regions to hordes of people. No 
species became extinct during the decade but the grizzlies, 
eagles and condors are very close to it. 

·Politically the world of 1980 is farther than ever 
from "one world" but is closer to two worlds. The Viet­
namese war was never officially ended. Neither was the 
Korean war for that matter. The U.S. slowly withdrew 
its troops during the early 1970's. Control of all of 
Vietnam slipped into the hands of a government con­
tinually more _Communist oriented. Red China gained 
more control over the country with the aim of securing 
the benefits of the Mekong rice bowl for herself. Then 
pressure was exerted against Laos and Thailand. These 
countries asked for U.S. help from the aggressor. The 
U.S. declined, however, having heard this cry before. 

In India and Pakistan, food riots, epidemics and gen­
eral misery made their national governments almost pow­
erless to guide and control these countries. Red China 
now virtually controls_ southeast Asia, but is no better off 
for it. She inherited more people than food. Her border 
clashes with Russia always were followed by a pull-back 
when Russia acted tough. Israel stands at the same bor­
ders she had at the end of the 1967 war. The Arab na­
tions of Egypt and Syria are overflowing with starving 
people, having increased by 12 million in the past decade. 
They are much too weak to pose a military threat to 
Israel and Russia apparently decided back in 1972 that 
nothing was to be gained by continually arming the 
Arabs. Russia appears to be having considerable difficulty 
just feeding her own population, now 270 million, and 
doesn't seem to have any food to spare for starving 
partners. Latin America now exceeds North America in 
population but in not much else. Most of the countries 
of Central America and northern South America have had 
a succession of military coups and "popular" uprisings. 

Back in 1970 I thought that homo sapiens was about 
three generations from extinction. Today, in 1980, I am 
not quite so pessimistic. Two hopeful signs have emerged. 
Almost all of the countries of the world have massive 
educational campaigns advising "Replace Yourself Only." 
Birth control is available and cheap worldwide. This 
alone won't do the job since large pockets of resistance to 
limited families still exist in South and Central America, 
India and Southeast Asia, and in the Arab countries. The 
other development is the recently introduced method of 
pre-selection of the sex of offspring. In the countries 
where there is the greatest resistance to family limita­
tions, there is also the greatest desire for sons. In India, 
sons are social security; in Latin America, the measure 
of a man's "manhood." With these countries in such a 
chaotic condition, statistics are difficult to obtain but 
there is evidence that a great preponderance of male 
births is beginning to occur. It will take another 15 to 
20 years until we know whether this creates more prob­
lems than it solves and also whether the world population 
is actually starting to decline as some observers claim. 

Lloyd Berg, Montana State University 
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