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This column provides examples of cases in which students have gained knowledge, insight, and 
experience in the practice of chemical engineering while in an industrial setting. Summer internships 
and co-op assignments typify such experiences; however, reports of more unusual cases are also 
welcome. Description of the analytical tools used and the skills developed during the project should 
be emphasized. These examples should stimulate innovative approaches to bring real world tools and 
experiences back to campus for integration into the curriculum. Please submit manuscripts to Profes­
sor W.J. Koros, Chemical Engineering Department, University of Texas, Austin, TX 78712. 
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Tate & Lyle is a global leader in the ingredient manu­
facturing and sales business. The group operates 41 
manufacturing plants and 20 additional production fa­

cilities in 28 countries , supplying a wide variety of products 
from starches to polymers. Tate & Lyle Sucralose, Inc., lo­
cated in McIntosh, Ala. , produces Sucralose, the first and the 
only calorie-free non-nutritive sweetener made from sugar 
(see Figure 1) It is marketed and distributed by the brand 
name, Splenda.®* Sucralose, unlike other artificial sweeten­
ers available in the market, is stable in a wide temperature 
range, enabling consumers to cook and bake with it without 
breaking apart the molecule. Its sugarlike taste is another point 
which attracts consumers worldwide. Since the initial pro­
duction launch, demand for Sucralose has seen exponential 
growth. It is projected that this trend will continue in the com­
ing years , as more and more consumers seek healthier ways 

* Splenda® is a trademark of McNeil Nun·itionals, LLC. 
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of eating and dieting without having to compromise taste. 

Tate & Lyle Sucralose, Inc. , offers a co-op program to un­
dergraduate chemical engineering students which provides 
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the students a hands-on learning experience as well as a com­
petitive hourly wage. Thanks to the innovative production 
process of Sucralose, students are exposed to unique projects 
which often involve frontline machinery, technology, and 
chemistry. In the midst of projects, students extend their learn­
ing to other areas of engineering, such as mechanical and 
electrical, as they deal with situations that are subjects for 
investigation and improvement. Upon reporting the project 
results, students are provided with opportunities to apply 
various other skills learned in school , including: economic 
analysis ski lls ; programming ski ll s; and presentation 
skills - both written and oral. This paper focuses on the 
practical learning aspects a student gained in the course 
of a heat transfer analysis project, which involved the fol­
lowing aspects: 

0 System definition 

0 Analyzing the base condition 

0 Calculation of heat transfer rates 

0 Economic analysis 

0 Reporting 

SYSTEM DEFINITION 
Upon receiving a new project, the first step a student takes 

is to examine the process and define the system under study. 
In this project, the system is defined by the following com­
ponents (see Figure 2): 

0 A vessel in which a batch chemical reaction takes 
place 

0 A primary loop pump and the heat exchanger, 
through which the process fluid is carried and its 
post-reaction temperature is maintained 

0 A secondary loop pump and the heat exchanger, 
which supply the coolant to the main exchanger 

Cooling is provided by a propylene glycol solution. Propy­
lene glycol is an environmentally friendly 
chemical which is often used in foods and 
medicines. While the glycol solution is 
considered safe, a secondary cooling loop 
provides an additional level of protection 
for the process fluid by eliminating any 
chance for the process fluid to be in di-
rect contact with the glycol solution. 

In order to verify the layout of heat ex­
changers and auxiliary instruments exist­
ing in the system, the student physically 
went out to the process area and exam­
ined the system of study, referenced the 
monitor screens which capture the view 
of the system, talked to technicians who 
are familiar with the area and thus have a 
reliable knowledge about the system's 
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sign diagrams, such as piping and instrument diagram 
(P&ID) and isometric drawings. 

ANALYZING THE BASE CONDITION 

Prior to performing the energy balance around the current 
system, the following assumptions were made: 

0 The system is at steady-state. 

0 The specific heats and the specific gravities of all 
fluids are constant. 

0 The primary loop exchanger pe,forms at 65% of 
its designed U value, whereas the secondary loop 
exchanger pe1forms at 80% of its designed U 
value. This assumption was necessary due to the 
complex nature of system fluids' chemistry as well 
as /outings that exist inside the exchangers. 

Acquiring the design data for the heat exchangers as well 
as the chemical and physical information for the operating 
fluids is critical for analyzing the current condition of the 
system. The heat exchangers' design information was obtained 
from the project and maintenance engineers . Approximate 
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Figure 1. Th e chemical make-up of Sucralose. 
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physicality, and studied the relevant de- Figure 2. Layout of heat exchangers and auxiliary instruments in Case 1. 

Fall 2005 317 



Figure 3. 
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chemical property information, such as data for the specific gravity and 
specific heat, was obtained from the plant 's design material balance. Be­
cause there was no flow-measuring device installed in the system, the 
pump performance curves were studied to estimate the current flowrates 
of the process fluid and the coolant based on pump suction and discharge 
pressures. The value for the glycol supply chiller's design flowrate was 
used for calculations. Prior to removing heat from the primary circula­
tion loop, the secondary loop must be cooled (see Figure 3). The second­
ary cooling loop flow is first routed through the secondary loop exchanger 
where it is cooled with glycol. The glycol is supplied on demand at a 
constant temperature. The temperature of the process fluid exiting the 
final reactor is also controlled to be constant. The remaining fluid tem­
peratures were then computed via iterative calculation. 

CALCULATION OF HEAT TRANSFER RATES 

There were two major equations used for calculation of heat transfer 
rates in each exchanger (see Figure 4): 

where 

Q = M*Cp*L'iT (I) 

Q = U*A*LMTD (2) 

A = heat transfer rate (in Btu/hr) 

M = mass flowrate (in gal/min) 

Cp = specific heat (in Btu/lb-°F) 

L',.T = temperature difference (in °F) 

U = heat transfer coefficient (in Btu/ft2-°F) 

A = area of heat transfer (in ft2) 

LMTD = log mean temperature difference (in °F) 

= (L'iT1 - L'iT
2

) / ln(L'iT 1 / L'iTJ 

Eq. (1) was written for each fluid in each exchanger, and Eq. (2) was 
written for each exchanger. Then the temperatures were calculated by 
setting the set ofEq. (1) equal to the set ofEq. (2) until the system Q-in 
matched the system Q-out. A spreadsheet was developed to carry out the 
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calculation. The student applied iterative calcu­
lations methods learned in a numerical analysis 
course and utilized Microsoft Excel 's "Solver" 
tool which has a built-in Newton 's approxima­
tion algorithm. The future operation plans in­
troduced new exchangers, either as replacements 
for the existing equipment or as additions to the 
existing sequence. New flowrates were estimated 
by accounting for friction losses through the new 
equipment, and new heat transfer rate calcula­
tions were done in a similar manner. This pro­
cedure was repeated for multiple operating cases 

Q= MC 
(heat lo 
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Figure 4. Detail of a heat exchanger. 
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by taking different combinations of the current and the new 
heat exchangers. Then, another set of calculations was done 
to compare the heat transfer rates given a different tempera­
ture value at the final reactor outlet (see Figure 5). 

order to accurately predict the break-even point of the true 
profit. By setting the basis at the current operation condi­
tion and the profit generated at current output levels , a 
net capital contribution va lue for each future operating 
option was ca lculated. 

ECONOMIC ANALYSIS 
REPORTING In order to make the managerial decision on which future 

operating plan would be the best alternative for the com­
pany, an economic analysis for each case was carried out. 
The percent increase in the heat transfer rate is in a direct 
proportionality with the plant 's overall production rate in­
crease. However, the construction downtime and the pro­
duction loss during the outage had to be accounted for in 

As work progressed, the student constantly communicated 
with her direct supervisor for comments and suggestions about 
her work. After the calculation and analysis were finalized , 
the student prepared a comprehensive report which summa-

Continued on page 327 

REPORT: HEAT TRANSFER RA TE ANALYSIS 

I. BASE CASE: CURRENT OPERA TING CONDITION 

BASE CASE A BASE CASEB 

CONFIGURATION PCcuRUNT I SCcuutNT PCcuRRtNT I SCcuu i::ttr 

T OLYCOL8UPPLY 42 TU 30 TU • PC = PRIMARY COOLER 

Q ACHIEVED 4192 jEU 4520 IEU •SC = SECONDARY COOLEr. 

I 
NOTE: LOWERING GLYCOL TEMPERA 7URE FROM 42 TO 30 ALLOWED 7.3% INCREA SE IN RATES. SIMILARLY, 
RAISING GLYCOL TEMPERA 7URE BACK TO 42 WILL RESULT IN 7.3% DECREASE IN RATES. 

I 
11. CASE 1: CURRENT CONFIGURATION ONE NE\IV EXCHANGER (E1 311 OR E1314) 

CASE 1A CASE18 CASE1C 

CONFIGURATION PCcuRRt NT I SC,m._, PCHtw I SCcuRR t NT PC,.,, / SC,.., 

T OLYCO L8U PPLY 30 TU 30 TU 30 TU I 
Q ACHIEVED 5070 jEU 61 11 EU 7162 EU 
%QINCREASE 12.2 % 35.2 j% 58.4 % I 
DOWNTIME / BREAK-EVEN POINT 1 Day• j t l 6 Days 4.5 Days I t I 16 Days 4.51 Days I I 11 !Days I 
DOWNTIME / BREAK-EVEN POINT, T re=42 1 Day• I 17 !Days 4.51 Days I t I 21 Days 4.5 1 Days I 13 !Days 

IV . CASE 2: FUTURE CONFIGURATION 
SERIES COOLANT FLOW FR OM PRIMAR Y TO SECONDA RY COOLER 

CASE2A CASE 28 

CONFIGURATION PCcuuu:n IPC11twlSCtttw PCc, ,.<Nr IPC,.,,ISC,.,, 

PRIMARY COOLER PCcuuctn PC,.., 

T OLYCOLBUPPLY 30 TU 30 TU 
QACHIEVED 8024 EU 8645 EU 

PRIMAR Y COOLER c,=euT 43.6 % 28.2 % 

PRIMARY COOLER""""' 56.4 % 71 .8 % 

SECONDARY COOLER""""' 100.0 % 100.0 % 
%Q INCREASE 77 .5 % 91.3 % 
DOWNTIME I BREAK-EVEN POINT 7 Days I I I 15 Days 7 Days I 14 Days 
DOWNTIME / BREAK-EVEN POINT, T re=42 7 Days 11 17 !Days 7 I Days I I I 15 !Days 

NOTE 1: RATIO OF PRO CESS FLOW THROUGH PRIMAR Y COOLER : SECONDAR Y CO OLER= 1:2. 

NOTE 2: COMPARED TO CASE 3, PARALLEL COOLANT CONNECTION THROUGH PC c,-,,,.,7 AND PC""""' WILL RESULT 
IN AN AVERAGE OF 3.9% DECREASE IN RATES. SERIES COOLANT CONNECTION FROM SECONDARY TO PRIMARY CO OLER 
WILL RESULT IN AN AVERAGE OF 6.6% DECREASE IN RATES. 

NOTE 3: DOWNTIME= PREP. TIME (1 DAY)+ CONSTRUCTION+ START-UP(1 .5 DA YS) 
• DOWNTIME FOR CASE 1A IS SHORTER THAN THE OTHER CASES (NO WELDING REQUIRED: MIN. PREP TIME) 

Figure 5. Calculations to compare the heat transfer rates given a different temperature vahze at the final reactor outlet. 
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