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ABSTRACT 

The computer aided design (CAD) is a utility that enables the speedy 

processing of design procedure and calculations. This eliminates the rigour 

encountered and associated with manual calculation. CAD, is such that, it is 

programmed to evaluate on the physical properties needed, which would 

have taken manual design a signi ficant time in interpolating, extraplating 

and interpreting data from curves, monographs or tables. 

For this particular project, the design of a shell and tube heat exchanger was 

carried out with the aim to develop a program that can perform the rigorous 

and tedious calculation needed in the design, simulation and optimization of 

a shell and tube exchanger. 

For the design, a problem was taken from a certi tied literature 

(Richardson and Coulson Vol. 6), so to acertain the accuracy of the design. 

An assumed overall heat transfer coefficient was taken along side the other 

variables. At the end of the process, the values that were got by the computer 

process were similar to those calculated for in the literature. 
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NOl\lENCLATURE 

, 
J\ Ileat transfer area ............................................................................................ 111" 

Cr Heat capacity at constant pressure. 
Oh Bundle diameter. .............................................................................................. m 
Os Shell diameter. ................................................................................................ m 
de Equivalent diameter. ......................................................................... : .............. m 
di Tube inside diameter ........................................................................................ In 

do Tube outside diameter. 
Gp Mass now-rate per unit cross-scctional bet\\ecl1 plates ................................... Kg/s 
Gs Shell-side mass now rate per unit area. Kg/s 
hc \Ieat-transfer coefficient in cOl1lknsation .......................................................... \v/1n~oC 
(hc)1 Mean condensation hcat-transfer coefficient for a single tube ....................... W/m2"C 
(hc)b lIeat-transfer coenicient for condensation on a horizontal tube bundle. 
(hc)v Heat-transfer coefficient for condensation on a vertical tube ......................... W/m 2°C 
(hc)bk Condcnsation coerticient from l3oko-Kruzhilin correlation ......................... W/m 2

0C 

hi' Inside film coefficient in Boyko-Krllzhilin correlation .................................... W/m2°C 
I . d r I' IT . " d . r l \\' / 2oC 11 'QU Ing coe IClcnt on Insl eo tu 1e. ............................................................. '111 

ho Heat-transfer coeflicient outside a tube .......................................................... W Im2
0C 

hod l'oulll1g coenicient on outsidc of lube ............................................................ W/m2
0C 

hs Shell-side heat-lranskr coenicient .................................................................. W/m2°C 
kf Thermal conductivity of Iluid .......................................................................... W/m"C 
kl Thermal conductivity of liquid .............................................. : ......... , .............. W/moC 
kv Thermal conductivity ofvapor. ....................................................................... W/I1l"C 
Nr Number of tube in a vertical ro\\'o 

Nt Number of tubes in a tube bundle. 

.61> 
t 

Pt 

Q 
R$ S 
Ts 
Tsat 
Tt 
Tv 
Tw 

shell-sidepressure drop ................................................................................... N/m~ 

................................................................................................................................... Tu 
be-side pressure drop. N/m2 

l~ube pitch ...................................................................................................... 111 

Ileat transferred in unit time .......................................................................... \V 
Dimensionless temperature ratios. 
Shell-side temperature ................................................................................... °c 
Saturation temperatu1'l:. 
l ' 1. f' °C uoe sur aee temperature ............................................................................ . 
Vapor (gas) temperature ............................................................................... °e 
Wall (surface) tcmpl..:rature. 

f.. TIm Logarithmic \11l..:an tcmperilturc dilTcrcnce ............................................. Pc 
~Tm Mcan tcmperature di rference .............................................................. "e 
te Local coolant tcmperature ....................................................................... lie 
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t I 
t2 
Uo 
Us 
Wc 

~ll 

p 

P I 

p v 

Nu 
Re 

Tube-side inlet temperature ................................................................... (IC 
Overall heat-transfer cocflicient ............................................................. \v/111~oC 
Overall heat-transfer coenicient based 011 tube outside llrea .................. \V/Ill~(\C 
Shell-side fluid velocity ......................................................................... Ill/s 
Total condensate mass Ilow-rate ........................................................... kg/s 

. '0' . , 
LlqUI VIscosity ................................................................................. mNs/m-

v . . , apor VISCOSity .................................................................................. IllNs/lll-

Fluid density kg/Jl1 1 

Liquid density kg/l11.1 

Vapor density kg/111 3 

Condensate loading 011 horizontal tube kg/ms 

Condensate loading on a vertical tube kg/ms 
Nusselt number 
Reynolds number 
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1.1. INTRODUCTION 

CHAPTER ONE 

GENERAL INTRODUCTION 

This operation is employed III almost all chcmical proccsslllg industries, such as 

petroleum, petrochemical, plastic, refrigeration e.t.c. In order to carry out this operation, 

large variety of heat exchangers and condensers are used on distillation columns. 

Cooling water from a river, ocean or cooling tower is the most frequently used as coolant, 

but refrigeration is used in some columns operating at low temperature and some column 

overhead condensers arc used to generate steam for use elsewhere in the plant. The 

overhead vapor from high-temperature column can be used to provide heat in the reboiler 

of a lower temperature column. 

Tube- in-shell heat exchangers are frequently used. The coolant can be on either shell 

side or the tube side. The condensing process vapors are usually put on the tube side if 

the pressure in the system is high, since only the tubes have to withstand the high 

pressure or if the material is corrosive or tends to plug the tubes, since it is much easier to 

clean the inside of tubes than to clean the shell side. 

Air cooled heat exchangers are used in some columns. They have advantage of not 

requiring make-up water that would be needed in a cooling system. 

Ilowever, not quite as tempcratures can he obtaincd in thc rcnux drum with air as 

with water (1300F Vs 1200F respectively). This causes column pressure to be some what 

higher, which can increase energy consumption in some chemical systems, since relative 

volatilities end to decrease as pressure increase. 

Spray condensers are used in high-vacuum columns to eliminate undesirable 

pressure drop through the overhead vapour piping and condenser. Liquid is circulated 

around, through a cooler at high flow rate and is sprayed into the vapour space in thc 

condenser, spray condensers are usually used in situation where the overhead temperature 

is fairly high, so that large amounts of sub cooling required in the cooled liquid can be 

achieved. 



Most condensers are mounted in or above the top of the column so that the reflux 

can flow back into the column without using pumps. The gravity flow systems are useful 

when very cOlTosive, toxic or hazardous material is being handled and pumping is to be 

avoided because of possible leaks or explosions. 

1.2 COMPUTER AIDED DESIGN 

Computer aided design (CAD) is a utility that enables the 

Speedy processing of design procedure and calculations. This eliminates the rigour 

encountered and associated with manual calculation. CAD, is such that, it is programmed 

to evaluate all the physical properties needed, which would have taken manual design a 

significant time in interpolating, extrapolating and interpreting data from curve's, 

monographs or tables. However all these time consuming operations are systematically 

avoided when computer is used in the design. Hence, time wastage is also avoided and 

conversely high design efficiency of the equipment can be achieved. 

Following the development in computer technology, chemical processmg 

equipment cannot be left aside, if efficiency and economical design is to he obtained. 

Thus advanced computer languages that are user friendly, easy to operate and interpret 

results have to be used in designing these equipment. 

1.3 INTRODUCTION TO VISUAL BASIC (VB) 

Graphical user interfaces, or GUIS (Pronounced "gooise"), have revolutionized the 

micro-computer industry. Instead of the cryptic C:> prompt that DOS users have long 

seen, you are presented with a desktop filled with icons and with programs that use mice 

and menus. Windows applications generally have a consistent user interface. This means 

that users can spend more time mastering the application and less time worrying about 

which keystrokes do what within menus and dialog boxes. 

In particular, visual basic lets you add menus, text boxes, command buttons, option 

button, check boxes, scroll bars and file and directory boxes to blank windows. You can 

use grid to handle tabular data. You can communicate with other windows applications, 

and perhaps most importantly, you will have an easy method to let users control and 

access. 

2 



1.4 AIM AND OBJECTIVE 

The aim of this wok is to develop a program that can perfonn the 

rigorous and tedious calculations needed in the design, simulation and optimization of a 

shell and Tube Heat Exchanger. 

The objective is to use a programming language that is user friendly, in addition to the 

modeling of equations that eliminate the dependency on graphs and table for basic data. 

1.5. JUSTIFICATION OF RESEARCH 

The advantage of computer analysis over analytical method cannot be over 

emphasize viz the following: -

(a) Rapid and accurate Calculations:- computer can can)' out complicated 

calculations like the . logarithmic mean temperature difference (LMTD), overall 

Heat Transfer Coefficient and heat exchanger area accurately quickly and unlike 

human counterpart they hardly make mistakes through over tiredness, it does not 

require rest break and care carry out in seconds what may take days to do by 

manual methods. 

(b) Relief from tedious of Calculation 

There is no justification for manually carrying out routine and repetitive design 

calculations in the design office as the computer can perfonn these task so much 

better, thus relieving Engineers from the tedious of routine calculators and 

allowing them to spend more time on the more creative and possibly more cost -

effective aspects of their work. 

(c) Replacement with code requirements 

The modern code of practice and standards are complex documents with many 

design requirements often cross - referenced in different sections of the design 

standard for the design of, say optimized, economic heat exchanger all the 

requirements for ultimate limit stage and serviceability design, together with 

detailing rules, can be incorporated into one program or into a number of sub­

programs, hence making it possible for all relevant requirements taking into 

considerations. 

(d) Replacement of Design Charts, data Sheets E.T.C. 
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Large number of traditional design aids, including design charts, is replaced by 

computer programs, which arc not subject to graphical interpretation errors. 

Tables of design data are built into computerized databanks, accessed rapidly and 

accurately and, as design standards change amended easily. 

(e) Consideration of Multiplc design options 

At the feasibility design stage the engineer will wish to consider various design 

options and to make rapid but approximate estimates of section sizes and material 

quantities. These calculations will enahle the final economic area of heat 

exchanger to be chosen but, because or the need for rapid estimates, such 

calculations will often be based on approximations, which if examined in detail, 

will prove to be far from accurate. 

(f) Using a computer, various alternative Heat exchanger area configurations may be 

quickly examined in detail before a final choice is made. 
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CHAPTER TWO 

2.0. LITERATURE REVIEW 

In the mid -- 1950s major changes began to occur in engineering and science with the 

introduction of a new tool called a digital computer. 

Although computer had been in limited use since shortly after World War II, It was only 

at this time that it become easily accessible to engineers outside of a laboratory 

environlllent. Several of the first commercial computers which were readily available to 

Engineering design and analysis were the Bendix G IS and IBM 650 (John F. Faning 

1891). By present day standard these computers were very slow and the programming 

language which wcre available were difficult to learn and tedious to apply. 

Even with these deficiencies many for sighted individuals saw the potentials 011 

computers to relief the Engincers of the time - consuming and error prone calculations 

required in many types of analysis and design. Programs began to appear, which 

perf 01111 cd many of these engineering computations from input supplied by engineer. 

One of the pioneer areas of engineering in which computer were utilized was the 

field of civil engineering and particularly the area of structural analysis and design. As 

early as 1958 the Structural Division of the American society of Civil engineers held a 

conference in Keinsas city Missouri on the use of digital computers in structural 

engineering. The proceeding of this conference contain a number of papers which show 

early attempts by structural engineers to apply the computer to problems in structural 

field. 

2.1 ORIGIN OF COMPUTER AIDED DESIGN 

Computer aided design (CAD) is barcly thirty years old, yct by the 1980's it was 

transfonning the working practices of designers in many industries and has become a 

huge worldwide industry itself Onifade, (2000). Lyan Sutherland at Massachusetts 

institute of Technology {MIT} can trace the origin of CAD back to the revolutionary 

SKETCH systems developed in 1962 (Sutherland, 1965). Computers have been used 

before then for making analytical calculation in engineering design. SKETCH PAD 

afforded the designers to interact with the computer graphically. The first version was 
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limited to drawings in two dimensions, which was later upgraded to cater for objects to 

be modcled in three dimensions and gives a perspective view of the design from different 

view points. During 1980s, CAD has spread widely into various application areas such as 

graphics and textile design, television and film animation, topography and engineering, 

with software such as SPICE, CIIEMCAD, AUTOCAD MATHe AD c.Lc. 

2.2 HEAT EXCHANGER DESIGN 

For the design of multi-component heat exchanger in which liquid passing through the 

shell and tube exchange heat, an estimate of the mean condensing co-efficient can be 

made using the single component correlation with the liquid physical properties evaluated 

at the average condensate composition. It is important to cater for a safety factor for heat 

and mass transfer a factor of 0.65 and increasing the area of thec condenser wcre 

suggested (Frank, 1978; kern, 1950). But where a more exact estimate of the co-efficient 

is required and justified by the data, the rigorous methods developed for partial 

condensation can be used. However the methods developed [or partial condensation [or a 

non-condensable gas can be divided into classes, viz: 

(a) EMPIRICAL I\IETHOD: approximate methods, in which the resistance to heat 

transfer is considered to control the rate of condensation and the mass transfer 

resistance is neglected (Bell and Ghadly, 1973:, Silver, 1947 and Ward, 1960). 

(b) ANALYTICAL I\IETHOD: More exact procedures which are based on some 

model of heat and mass transfer process and which take into account the 

diffusional resistance to mass transfer. The classic method is developed in 

different period of time (Colburn and Drew, 1937: Colburn and Hougen, 1934: 

porter and Jeffreys, 1963). The analytical methods are complex requiring step-by­

step, trial and error calculations or graphical methods. An assessment of the 

methods available for the design of condenser where the condensation is from 

non-condensable gas is recently developed. (McNaught, 1983). 

It is important to note that in the approximate method, the local co-efficient of heat 

transfer can be expressed in tellllS of the local condensate film co-efficient and the local 

co-efficient for sensible heat transfer for vapor. Silver (I (47). proposed the relationship 

described above. 
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For total condensation, hori!.Ontal shell-side and vertical tube-side are the most 

commonly used. A horizontal exchanger with condensation in the tube is rarely used as a 

process condenser, but it is the usual arrangement for heaters and vaporizers using 

condensing steam as the heating medium (Adeniyi, 1998). 

Fig 2.2: - Shell and Tube Heat Exchanger 

2.3.0. DESIGN SPECIFICATION 

There are various types of heat exchanger as pointed out in the previolls 

chapter. This program (design) is specifically for shell and tube heat exchanger 

with the following features: 

1. Indirect contact condensers, with the following configurations: 

(a) Horizontal type 

(b) Condensation is in the shell. 

(c) Cooling medium is in the tube. 

2. One shell pass and two or more even passes. 
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3. Wide baffle spacing. 

4. Mixture of light hydrocarbons and variolls organic compollnds. 

5. Small condensation range, so that corrected logarithmic mean temperature 

difference (LMTO) can be used 

2.4. GENERAL ASSUMPTION 

To cater for the deviation that Illay arise from the temperature correction factor, 

Ft, the following assumptions were made (Sinnot, 1993). 

(a) There arc no leakages of Ouids between shell passes. 

(b) Equal heat transfer area in each pass. 

(c) A constant overall heat transfer coefficient in each pass. 

(d) The temperature of the shell-side fluid in any pass is constant across any 

cross section. 
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CHAPTER THREE 

3.1. A REVIE\V OF THE OLD SYSTEM 

Preliminary investigation was conducted on the old system to detennine whether 

the solution to the problem is feasible. This study is very necessary in developing a new 

system, this is to prevent washing of capital and human effort in trying to carry out a 

project that is very large or too difficult to carry out. 

3.1.2. BASIC EQUATIONS FOR IIEAT EXCHANGER DESIGN 

For an open system under steady state conditions, with negligible 

potential and kinetic energy changes and from the first law of dynamics the enthalpy 

change of one of the fluid streams is given by: 

8Q m x di ............... (3.1) 

Integrating equation 2.1 we have. 

Q = 111 x (i2 - i.) ........... (3.2) 

1\ and 12 arc the initial and final enthalpies of the fluid stream. Where there is an adiabatic 

process, that is, when the heat transfer between the condenser and the sun'ounding is 

negligible, integrating equation 2.2 for hot and cold fluids gives: 

Q= mhx (ihl - ih2) ........... (3.3) 

Q = (i c2 - i c2) 
......... (3.4) 

Where the subscripts hand c refers to the hot and cold fluids and 1 and 2 implies the fluid 

inlet and outlet conditions. If there is no change in phase of the fluids and that the fluids 

I . fi I . I q:: S~T I . db' 1ave constant speci IC leats Wit 1 , t len equations 3.3 an 3.4 can e wntten as: 

Q= (mx C~I x (Th1 - Th~ 
1 ........ (3.5) 
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It is important to note that the temperature difference between the hot and cold fluid 

varies with position in the condenser. It is therefore appropriate to establish a mean value 

of the temperature di fference, so that thc total heat transfer rate, 

can be obtained from the relationship given by: 

Q between the fluids 

Q= UxAx~Tnl 
........................... (3.7) 

Where U is the overall heat transfer co-efficient based on the area and A is the total heat 

transfer area. DTm can be obtained from Th" Th2.and Tcland Tn 

3.1.2. OVERALL IIEAT TRANSFER CO-EFFFICIENT 

The walls of a condenser arc normally made up of a single material, though the 

way sometimes be bimetallic (steel with Aluminium cladding) or coated with a 

plastic as a protection against corrosion. 

For condensers or heat exchangers in general, the surface tends to acquire 

an additional heat transfer resistance that increases with time, this may either be a 

very thin surface oxidation layer, or at the other extreme, it may be a thick crush 

deposits such as that which result from a salt-water coolant in stream condensers. 

The above-mentioned effects can be taken into consideration by introducing an 

additional thel111al resistance, known as fouling resistance Rs. The value of the 

fouling resistance is depended on temperature of the fluid, type of surface, fluid 

velocity and the length of the condenser (Heat exchanger). 

In addition, fins are oncn added to the surface exposed to either or both 

fluids, and, by increasing the surface area they reduce the resistance to 

convection heat transfer. The overall heat transfer co-efficient for a single smooth 

and clean plain wall is given by: 

10 



1 \ UA = Rt = -(-I-........;.·-t----\-':"")-­
--+-+ 
hiA.i K x A 110 x AO ................. (3.8) 

Where t is the thickness of the wall, Rt is the overall thennal resistance to heat 

across the surface between the inside and outside now, while hi and ho are heat 

transfer co-efficient for inside ami outside now respectively. 

However, if the exchanger is tubular, un finned and clean, the 

overall heat transfer co-efficient is given by: 

1 
U = U x A = - = ------------

OA.o 1 1 ~ __ + IH) + __ 

hi x Ai 2 x 1t X K x L hO x AO 
..................... (3.9) 

If the heat transfer surface is fouled with the accumulation of 

deposits, this in turn introduces an additional thernlal resistance in the path of the heat 

now, then we have for the unfinned tubular heats exchanger, the overall heat transfer co­

efficient as: 

u=----------------

o ro ro ro{~) 1 

- ~ll x - + -Rfi + ---'---'- + Rfo + -
ri hi ri K ho 

........... (3.10) 

Where R" and R fo arc the fouling factors for inner and outer walls respectivc\y. 

The overall heat transfer co- efficient can be determined from the knowledge of 

the inside and outside heat transfer co-efficient, fouling factors and the 

appropriate geometrical parameters. 

Typical values of the overall heat-transfer co-efficient for condensers arc given in 

the table below. 
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Table 3.1: Typical Values of Overall Coefficient for Heat Exchanger (Perry 

and Green, 1984) 

HOT FLUID COLD FLUID U (W/m"IlC) 

Aq ueous vapors Water 1000 - 1500 

Organic vapours Water 700- 1000 

Organics (non Condensable) Water 500 - 900 
~--- ------

Vacuum Condensers Waler 200 -- 500 

For heat exchange across a typical heat exchanger tube, the relationships between the 

overall co-efficient and the individual co-efficient are given by the relationship below: 

(dO] 
_1 = _1 + _1_ + do x In ~ + (do x _1 ] + (_do x ~] 
Uo ho hod 2 x K w . di hid di hi 

.......... (3.11) 

3.1.3. TilE LOGARITHMIC MEAN TEl\IPERATURE DIFFERENCE (Ll\ITD) 

If we consider a simple counterOow or parallel Oow heat exchanger, from 

equation 2.7 Dim may be determined by applying an energy balance to a 

differential area clement dA in the hot and cold Ouids. The temperature of the hot 

Ouid will drop by dTh. The temperature of the hot Ouid cold Ollid will also drip 

by dTc over the clement dA for cOlinterOow, but it will increase by dTe for 

parallel Oow if the hot - Ouid direction is taken as positive. Consequently, from 

the differential fom1s of equations 2.5 and 2.6 or from 2.1 for adiabatic, steady 

state Oow, the energy balance gives. 

tQ = -(mx Cp)J x dTh = -(mx Cp)e x dTe 
1 . .. .......... (3.12a) 

[Q = -Ch x dT h = Cc x dT C . 
....................... (3.12b) 

Where eh and Ce are the hot and cold nuid heat capacity rates respectively. Thc 

8Q 
positive sign (+) refers to parallel now. The rate of heat transfer 

cold Ouid across the heat transfer area dA may also be expressed as 

12 

from the hot to the 



EQ=Ux(T1-Td xdA 
1 ............... 0.\3) 

From equation 2.12 fro counter now , we obtain. 

d ( T h - T c) = dT h - tiT ( = 0Q (-~- - -~- 1 
(c (11) .............. (3.14) 

Substituting the value of <"0 f'rol11 equation 2.13 into equation 2.14 we Obtain 

d(Th - Td (1 1) -,----,- = U - - - x dA 
(Th-Tc) Cc eh ............ (3.15) 

If equation 2.15 is integrated with constants U, Ch and Cc over the entire length of the 

condenser gives: 

.......................... (3.16a) 

( ( 1 1 JJ UA ---

Th2-Tcl=(Thl-Tc2)e Cc eh 

................. (3.16b) Or 

From the above expression, it can be seen that the temperature distribution IS 

exponential. Therefore, in a counternow condenser, thc tempcrature di ffercncc (Th - Te) 

decreases in the direction of now if Ch < Ce, but increases if Ch > Ce. The expression for 

Ce and Ch can then be obtained from equations 2.5 and 2.6 and substituted in equation 

(2.16a). Solving for Q and rearranging, we obtain: 

Or ............................... (3.17a) 

..................................... (3.17b) 
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oT Where \, is the temperature difference between the two f1uids at one end of the 

oT 
condenser and 2 is the temperature of the fluids at the other end of the condenser. 

The overage temperature of the hot and cold fluids over the entire lengths of the 

condenser is given by: 

............................. (3.18) 

To estimate the "true temperature difference" from the logarithmic mean 

temperature, a correction factor is employeu to cater for the departure from true counter­

current flow. Thus, we have. 

~Tn1 = ~Thn x Ft 
.................. (3.19) 

The correction factor is dependent on the shell and tube fluid temperatures and the 

number of tube and shell passes. It is normally correlated as a function of two 

dimensionless temperature ratios. 

(T 1 - T2) 
R - ~--..,.-

- (t\ - t2) 
..................... (3.20) 

s = (2-=-2J 
T\ - t\ ....................... (3.21) 

R is the shell - side fluid flow rate times the fluid mean specific heat divided by 

the tube - side fluid flow- rate times the tube- side fluid specific heat. S is a measure of 

the temperature efficiency of the exchanger. 

For a single shell; two tube pass exchanger, the correction factor is proposed by 

Kern( 1950) as: 
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Ft = ( 

(R - 1), h{-:-~-:-;--(::-:-: _:...!..j_I:2_~ +-~ -: ) .•.......•.••.....................•............• (3.22) 

The equ<!tion can also be used for any exchanger with an even number of tube passes. 

3.1.4. PHYSICAL PROPERTIES 

The physical properties of the condensate used in this project research are 

evaluated at the average condensate film temperature which is the mean of the 

condensing temperature and the tube wall temperature. Equations were modeled 

and used for density and viscosity while data base is incorporated, which is used 

in calculating the values ofthennal conductivity at various temperatures. 

3.1.5. l\IEAN TEMPERATURE DEFFERENCE OF CONDENSATE 

At constant pressure and fixed temperature a pure vapour will condense. Since 

this process is isothermal, the simple logarithmic mean temperature difference can 

be obtained from equation 2.7, no correction factor for multiple passes in needed. 

The logarithmic mean temperature difference is given by; 

................................ (3.23) 

When the condensation process is not completely isothermal but the change in 

temperature is small, such as where there is significant change in pressure, or where a 

narrow boiling range multi-component mixture is being condensed, the logarithmic mean 

temperature difference can still be used, but the temperature correction factor will be 

needed for multi-pass condensers. 
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3.1.6. FOULING FACTORS (DIRT FACTORS) 

Fouling refers to any change ill the solid hounary separating two heat 

transfer f1uids, whether by dirt accumulation or other means, which result in a 

decrease in the rate of heat, transfer occurring across that boundry. Fouling may 

be classified by mechanism into six, these are, cOlTosion fouling, biofouling, 

particulate fouling, chemical reaction fouling, precipitation fouling and freezing 

fouling. The deposited material will nonnally have relatively low thennal 

conductivity and will reduce the overall co-efficient. It is therefore necessary to 

oversize the condenser to allow for the reduction in performance during operation. 

Fouling factors are usually quoted as heat transfer resistance rather than co­

efficient they are difficult to predict and are usually based on past experience. 

Typical values for the fouling factors of common process 

and service f1uids are given in Table 3.2. 

Table 3.2: Typical Values of Fouling Factors. (TEMA standards (1<)98) and Ludwig 

( \965) 

Coefficient (W/11l211C) 

Organic vapors 5000 

Organic liquids 5000 

Light hydrocarbons 5000 

Heavy hydrocarbons 2000 

Boring organics 2500 

Condensing organics 5000 

Heat transfer f1uids 5000 

A aqueous salt solutions 3000 - 5000 

The selection of the design-fouling factor will often be an economic decision. The 

optimum design will be obtained by balancing the extra capital cost of a larger exchanger 

against the savings in operating cost obtained from the longer operating time between 

cleanings that the large area will give. 



3.1.7. DESIGN PARAI\IETER FOR SIIELL AND TUBE CONDENSERS. 

3.1.8. SIIELL-SIDE PARAI\IETERS 

For pressure applications, the shell thickness will be sized according to the 

pressure vessel design standards. The minimum allowance for shell thickness is 

given in BS3274 and the TEMA Standards. The value converted to SI units is 

given below: 

Table 3.3: I\linimum Shell Thickness, (mm) 

NOMINAL SHELL CARBON STEEL ALLOY 

DIAI\IETER (mm) PIPE PLATE STEEL 

152 7.1 - 3.2 

203 - 305 9.3 - 3.2 

3330 - 737 9.5 9.5 4.8 

762-991 - I 1.1 6.4 

1016 - 1524 - 12.7 7.9 

The shell diameter must be selected to give as close a fit to the tube bundle as 

practicable. The clearance required betwccn outermost tubes in the bundle and the 

shell inside diameter will depcml on thc typc of exchanger and manufacturing 

tolerances, typical values are obtained in standard graphs and tables but for the 

purpose of the design work, computer modules have been created for the 

clearance required based on shell diametcr.(see section 2.9 ) 

3.1.9 TUBE-SIDE PARAI\IETERS 

The bundle diameter will depend not only on the number of tubes but also on the 

number of tube passes, as spaces must onen be len in the pattern of tubes on the 

tube sheet to accommodate the pass partition plates. An estimate of the bundle 

diameter, Db can bc obtaincd from equation 2.24, which is an empirical equation 

based on standard tube layouts. The constants for use in this equation, for 

triangular and square patterns, are given in Table 3.4 
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j\; = K x ~ ( [) J" tID o ......................... (3.24a) 

""" ..... """,, .. ,, (3.24b) 

Tablc 3.4: Constants for usc in Equation 3.24 

TRIANGULAR PITel I, Pt = 1.25 D() 

Passes-+ 1 I 4 
--

KI -+ 0.319 0.249 0.175 

Ni -+ 2.142 2.207 2.285 

SQUARE PITCH, Pt :;;: 25 DO 

Passes-+ 1 1 4 
.. 

Kl -+ 0.215 0.156 0.158 
-

Ni -+ 2.207 2.291 2.263 

3.2.0. FLUID ALLOCATION: SHELL OR TUllES 

-
6 8 

0.0743 0.0365 

2.499 2.675 

6 8 

0.0402 0.0331 

2.617 2.643 

The allocation of nuid streams to the shell or tube in the absence of phase 

change depends on the following factors. 

(1) CORROSION: The 1110re corrosive nuid is allocated to the tube side in order 

reduce the cost of expensive alloys or clad components. 

(2) FOULING: The nuid that has greater tendency to foul the heat transfer surface 

should be placed in the tubes. This wiJl give better control over the designed nuid 

velocity, amI the higher aJlowablc velocity in the tubes will reduce [ouling. Also, 

tubes will be easier to clcan. 

(3) FLUID TEl\IPERATURES: If the temperatures are high enough to require the 

usc of special alloys, placing the higher temperature fluid in the tubes will reduce 

the overall cost. At moderate temperatures, placing the hotter fluid in tubes will 
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reduce the shell surface temperature and hence the need for lagging to reduce heat 

loss, or for safety reasons. 

(4) OPERATING PRESSURES: The higher-pressure stream should be allocated of 

the tube-side. High-pressure tubes will be cheaper than a high-pressure shell. 

(5) PRESSURE DROP: for the same pressure drop, higher heat - transfer 

coefficient will be obtained on tube side than the shell side and nuil! with the 

lowest allowable pressure drop should be allocated to the tube-side. 

(6) VISCOSITY: Generally, a high heat-transfer co-efficient will be obtained by 

allocating the more viscous material to the shell side, provided the flow is 

turbulent. The critical Reynoltls numbers from turbulent flow in the shell is in 

region of 200. If turbulent flow cannot be achieved in the shell, it is better to place 

the fluid in the tubes, as the tube-side heat-transfer coefficients can be predicted 

with more ceterainly. 

(7) STEAM FLO\\' -RATES: Allocating the fluid with the lowest now rate to the 

shell side will normally give the most economical design. 

3.2.1. PRESSURE DROP 

3.2.2. TUBE - SIDE PRESSURE DROP 

There are two major sources of pressure loss on he tube-side of a shell and 

tube exchanger. These are namely the friction loss in the tubes and the 

losses due to the sudden contraction and expansion and flow reversal that 

the fluid experiences in flow through the tube arrangement. 

The basic equation for isothermal flow in pipes (Constant temp) Is: 

..................... (3.25) 
The now in a heat exchanger wi II clearly not be isothenmll, and this is allowed 

for, by including an empirical correction factor accounting for the change in physical 

properties with temperature. NormaJ1y only the change in viscosity is considered: 

( I) p x ~l 2 ( )- 111 . ' t P 
61' = 8 x Jr x ~ x 2 x-

1 ~l \\' ............................ (3.26) 
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m == 0.25 for laminar no\\', Rc < 2100 

m :::: 0.14 for turbulent now, Rc > 2100 

Thcre is no cntircly satis(~lctory method ('or cstimating these losses. 

Kem (1950) suggest adding four velocity heads per pass. Frank (1978) considers this to 

be too high, and rccommcnds 2.5 velocity heads. From this, it appears that frank's 

recommended value of 2.5 velocity heads per pass is the most realistic value to use. 

Combining these factors with cquation 2.26 givcs: 

............. (3.27) 

3.2.3. SHELL - SIDE PRESSUE DROP 

This method was based on experimental work on commercial 

heat exchangers with standard tolerance and will give a reasonable satisfactory prediction 

of heat transfer coefficient for standard designs. The prediction of pressure drop is less 

satisfactory, as pressure drop is more affected by leakage and by passing than heat 

transfer. Shell-side jf factor for use in this method are given in standard graphs for 

various baffle cuts and tube arrangements. Computer modules have been developed for 

these graphs and it takes care of the necessary options without the designer referring to 

the graphs. 

The procedure for calculating thc shcll-sidc hcat transfers coefficicnt and a 

pressure drop for a single shell pass exchanger as given below. 

(1) Calculate the area for cross- Dow as for the hypothetical row of tubes at 

the shell using equation givcn by; 

The term (Pt - do) / pt is thc ratio of thc clearance betwcen tubes and the total distance 

between tube centers. 

(PI - dO) x Ds x I.U 
As = --------

Pt .................................. (3.28) 

(2) Calculate the shell - side mass velocity Gs and the linear velocity Us:. 
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w s 
(j s = 

A s 
..... " ............. (3.2CJa) 

CIs 
u s = 

r .. " ....................... (3.29b) 

(3)Calculate the shcl1 - sidc cquivalcnt diamctcr (Hydraulic diamctcr}.For a 

square pitch anangemcnt 

1.27 ( 2 2) de':: - X Pt - 0,785-x elO 
dO :., ..... , ................................. (3.30} 

A +, -IT: do J 
de = ---.:..---~ 

7t x dO 

For an equilateral triangular pitch aITangemcnt. 

A' [( :} 087' P, _; <IT' d~2] 
de=--~~~--------= 

do 
7t x -

2 

1.10 ( 2 2) de = - x Pt - O.917x clo 
dO 

............................. (3.31) 

(4) Calculate the shell - side Reynolds numbcr, given by: 

................................... (3.32) 

(5) For the calculated shell-side Reynolds number, read the friction factor from kem's 

graph and calculate the shcll-side pressurc drop from: 

21 



(
D J (I J U 2 ( ]-n 14 . S ~ S ~l 

~)s = 8 x Jr x - x - x p x - x -
de Ln 2 ~~v 

The term (LiLIl ) is the number of times the now crosses the tube bundle (Nb + I) 

where Nb is the number of baffles. 

3.2.4. CONDENSATION HEAT TRANSFER 

3.2.5. HEAT TRANSFER COEFFICIENT 

............... (3.34) 

The above equation is goveming condensation outside horizontal tube. 

In a bank of tubes, the condensate from the upper rows of tubes will add to that 

condensing on the lower tubes. If there arc Nn tubes in a vertical row and the condensate 

is assumed to flow smoothly from row to row, and if the flow remains laminar, the mean 

coefficient predicted by the Nusselt model is related to that for the top tube by . 

............................ (3.35) 

In practice, the condensate will not flow smoothly frol11 tube to tube, and the factor of 

(Nr) - 1/4 applied to the single tube co-efficient in equation 2.35 is considered to be too 

conservative. Based on result fr0111 commercial exchangers, kem (1950), suggests using 

an index of 116. Frank (1978) suggests mUltiplying single tube coefficient by a factor 

0.75. Using keI11 's method, the mean coefficient for a tube bundle is given by; 
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......................... (3.36) 

We 
1: ---
h - Lx N 

t ....................................... (3.37) 

3.2.6. SHELL HEAT TRANSFER COEEFICIENT 

When condensation occurs in a horizontaitubc, the heat transfer coefficient at any 

point along the tube will depend on the now pattern at that point. The various patterns 

that can exist in two phases flow. 

The flow models arc used to estimate the mean condensation co-efficient in 

horizontal tubes. These can be stratified flo\\I and annular flow. For stratified flow model, 

the condensate film coefficient can be estimated from the nussell equation, the coefficient 

for stratified flow can be estimated from. 

.. ....................... (3.38) 

The Boyko - kruzhilin equation can be used to estimate the co-efficient for annular now. 

It is given by: 

hi" 0.02 k (::-J x R.?8 x rP41 

...................... (3.39) 

3.2.7. DESIGN EQUATIONS 

The equations used in this program arc modeled from graphs uSlI1g a powerful 

computer package called MA TIle AD 2000 professional. Mqthcad has the capacity to 

predict co-efficient and constants of both linear and non-linear equations with random 
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values takcn at various points. i\'lost importantly the \'ariations arc always negligible, in 

addition to the plotting capability ofthc package. Thus thc cquations dcvcloped arc: 

(1) BUNDLE CLEARANCE 

(a) For pull-trough nonting hcad 

C = 85.976364 + 9.6363()4Db. 

(b) For split - ring noating head 

C = 44.793939 + 27.393939 Db 

(c) For outside packed head 

C = 38 

(d) for fixed and U-tube head 

C = 8.192857 + 10.071429 Db 

(2) FRICTION FACTOR 

(a) Shell-side friction factor 

For 100 < Rc < 1000 

HI = 0.253467 - 0.000097324401 Re + 0.00000151655 Rc2 
- 0.0000000752918RcJ 

For 1000 < Rc < 10000 

Jfl = 0.052667 - 0.000003972727Re + 1.96967 x 10 -10 Rc2 

For 1000 < Rc < 10000 

.Ifl = 0.003967 -- 0.0000001498485Rc + 2.272731 x 10 -13 Rc2 

For 1000 < Rc < 10000 
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HI = 0.022247 - 0.0000001 282424Rc + 5.757922 x 10 15 Rc
2 

(b) Tube-side friction factor 

F or 10 < Rc < 100 

J f2 = 16.363334 - 1.160773 Re + 0.037895 Re2 
- 0.0006170979 Re~ + 

0/000004873543 Re4 
- 0.00000001487179Rc5 

For 1000 < Re < 100000 

Jf2 = 0.00501 - 0.0000000444697 Re + 2.1967 x lO"D Re2 

3.2.9. SAMPLE PROBLEM 

Design a shell and tube for the following hcat duty. 10000kg/h of methanol 

leaves the base of a methanol side stripping column at 95°C and is to be cooled to 40 °c 
by exchanging with 20, 000 kg/hr watcr coming from storagc at 25°C. Thc mcthanol 

enters the exchanger at a pressure of 5 bar and the water at 6.5 bar. A pressure drop 0 f 0.8 

bar is pe1111issible on both streams. Allowance should be made for fouling by including a 

fouling factor of 0.00035 (W/m2 °C) on the water stream and 0.0002 (W/m2 0c) on the 

methanol stream. 

3.3.0. MANUAL CALCULATION 

Only the thcrmal design will bc considcred 
This example & illustrates Kcm's method 
Coolant is corrosive, so assign to tubc - sidc 
Heat capacity mcthanol = 2. 84KJ/Kg°C. 
Heat load = 100,00 x 2. 84 (95 .- 40) = 4340Kw 

360 
Heat capacity water = 4.2KJ/KgOC 
Cooling water now = 4340 = 68.9kgls 

4.2(40 - 25) 
(3.4) ATtn) = (95 - 40) - (40 -25) 

In (95 -- 40) = 3J"C 
(40--25) 
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Use one shell pass and two tube passes 
3.6 R:::: 95- 40 "" 3.(,7 

3.7 

From fig 12.19 

40 - 25 

S = 40 - 25 = 0.21 
95 - 25 

Ft = 0.85 
6Tm = 0.85 x] 1 = 2()"C 

From fig 12.1 

Provisional area 
3.1 A = 4340 X 103 = 278m2 

26 x ()OO 

Choose 20ml11 o.e1, 16mm.id, 4.88111 - long tube (%in x 16ft) 
Cropro - nickel Allowing for tube - sheet thickness take 

L = 4.83111 

Area of one tube = 4.83 x 20 x 10.3 n = 0.303m2 

Number of tubes = 278 = 918 
0.303 

As the shell - side fluid is relatively clean usc 1.25 triangular pitch. 

(2.3b) Bundle diameter Db = 20 (918)f.2Oi = 826ml11 
0.249 

Use a spit -- ring floating heat type 
From fig. 12.10, bundle diameter clearance = 68111111 

Shell diameter, Os = 826 + 68 = 894111m 

(Note nearest standard pipe sizes arc 863.6 or 914.4mm. 
Shell size could be read from standard tube count tables. 

Tube side coefficient 
Mean water temperature =40 + 25 = 33(lC 
Tube Cross - sectional area = n x 162 = 20 I mm2 

Tube per pass = 918 = 459 
2 

Total flow area = 459 x 201 x 10-1> = 0.092111 2 

Water mass velocity = 68.9 = 749Kg/sm2 
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Dcnsity watcr == 995kg/nr' 
Water linear velocity = 749/995 == 0.75111/s 

. I) 1 ~() 

(3.17) hi = 4200 (1.35 + 0.02 x 33) U.75 ·/111 C 

The coefficient can also be calculated using equation 12.15, this is done to 
illustrate use of this method 

lIidi = jl Re Pr(U3 (ll) 0.14 

kf ~l 

Viscosity of water == 0.8mNS/M2 

1hen11al conductivity == 0.59 w/moC 
Re = Pudi = 995 x 0.75 x 16 x 10-3 = 14,925 

P 0.8xI0-J 

pr == CJJbl = 4.2 X 10
1 

x 0.8 X 10-3 = 5.7 
kf 0.59 

Neglect (~l/uw) 
Lldi = 4.81 x 10.1 

16 

from fig 12.23 jh = 3.9 x 10-.1 
hi = 0.59 

16 x 10-3 x 3.9 X 10-3 14, 925 x 15.7° JJ = 3812w/m2C 
Cheeks rean sunably well with value calculated from equation 12.17, use lower 
figure 

Shell - side coefficient 
Choose baffle spacing = Os/5 == 894 = 178l11m 

5 
Tube pitch = 1.25 x 20 = 25111111 
Cross - flow area 

3.21 As = (25 - 20) 894 x 178 x 10-6 = 0.0321112 

mass Velocity Gs = 100,000 x_I _ = 868kgl5m2 

3600 ()'032 

Equivalent diameter 

3.23 de = 1.1 (25 2 
- 0.917 X 2(2

) = 14.4m111 
Mean shell side temperature = 95 + 40 = 6S"C 

2 
Methanol density = 750kglm 3 

Viscosity = 0.34m Ns/m 2 

Heat Capacity = 2. S4kg/kg"C 
1hel111al Conductivity = 0.19w/m"C 
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3.24 Re == Gsde == 868 x 14.4 x 10 .. 1 
== 3(),7()2 

-~l- 0.34 X \0.1 

Pr == CPbl == 2.84 X 10 1 
X (U4 X 1()"1 == 5.1 

Kf O.Il) 
Choose 25 percent bamc cut, from fig 12.2l) 

jh == 3.3 x 10.3 

without the Viscosity corrcction term 

3.2511s==0.19 
14.4 x 10.3 x 3.3 x 10.3 x 36, 762 x 5.1 1

/.
1 == 2740w/m20C 

estimate waH tcmperature 
mean temperature difference == 68 -- 33 == 35°C 
across all resistance 

1\. () across methanol film == ~l xuT = 600 x 35 == 8 C 
2740 

mean wall tcmperature == 68 - 8 == 60"C 

~w == 0.37m Ms/m 2 

(g)OI4 == 0.99 

~w 

which shows that the con-elation for a low - viscosity Ouid is not signi ficant 
Overall coefficient 
Thennal conducting of cupro - nichel alloys == 50w/m°e. 
Take the following coefficients as 6000w/11120e. 

3.11 1 == _1_ + _1_+ 20 X 10<1 In (20IlG) + 20 x 1 + 20 X 

~l 2740 ()ooo 2 x 50 1 G 6000 11 

pressure drop 

tube - side 

2 0c ~lo == 899w/111 

from fig 12.24, for re == 14,925 
jf== 4.3 x 10.3 

Neglecting the Viscosity correction term 
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(3.20) Pt 

Shell side 
Linear Velocity Gs == S(l8 == 1.1 (lIn/s 

P 750 

From Fig. 12.30 at Re == 36, 762 
Jf == 4 X 10'2 

Neglect Viscosity Correction 

3.26 ds==8x4x 10'2(894)(4.83 x 10:1) 7S.x 1.\62 

14.4 178 

= 272, 019Nhn2 

272KP,a 

3.4. ELEMENT OF SYSTEl\1 DESIGN 

3.4.1. SYSTEM DESIGN 
After analysis of the current system, the next step in the system processes, is the 

designing of the new system. This is achieved only after the system analysis by the 

analyst approved the proposal of a new system. 

3.4 .. 2. NE'" SYSTEM DESIGN CRITERIA 

(a) Volume: - the proposed system is designed to handle large amount of data for 

evaluation. 

(b) Simplicity: - The system through designed to handle complete operations of 

computation or evaluation should be simple to usc. 

(c) Flexibility: - the system can operate in a dynamic rather than static 

environment 

(d) Security: - The security of the system should be taken into consideration, such 

that the output report are provided only for the authorized user to have access. 

(e) Efficiency: - The system should be desired of the desire evaluation. 

(f) User or friendly: - It system should be designed in such a way that it simply 

gives the operations a choice of different transaction for implementation. 



3.4.3. INPUT DESIGN 

Input design is one of the items or clements of design. In designing a system, the 

type of input media, Data collection method, volume of input documents and design of 

input layouts are to be put into consideration. The purpose of input design is to make sure 

that all input data are correctly identified and accurately recorded and also that the 

processing of all data is accomplished without addition or omission. 

3.4.4. INI)UT SPECIFICATION 

In the design a new system, the following specification arc required:­

( I) Total heat load 

(2) Fluid quantities entering and leaving the exchanger 

(3) lnlet and outlet temperature of the fluid in usc. 

(4) Fouling factors of the fluid in use. 

(5) Heat exchanger type 

(6) Allowable pressure drop 

(7) Design pressure 

(8) Take wall thickness for corrosion consideration 

(9) Size or space limitation 

(l0) Horizontal or vertical installation limit 
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3.4.5. OUTPUT DESIGN 

Output design is establishable as a final check on the accuracy of the processed 

data. In designing an output, certain, things arc to be put into consideration such as the 

time and how often the output result is needed, whether daily, weekly e.t.c. for this heat 

exchanger result is needed immediately. 

3.4.6. OUTPUT SPECIFICATION 

The output report that is expected from the new system arc: -

(1) Calculated LMTD 

(2) Calculated Shcll- Side Coefficient 

(3) Calculated tube - side Coefficient 

(4) Calculated overall coefficient 

(5) Calculated pressure drop of tube 

(6) Calculated pressure drop of side 

Type of heod: 
m 

te 
Moteriol of c.onslr\Jclion: 

m Number of Posses 

te 

Inside diameter 

Outside diometer 

Overall coefficient 

Tubeside dirt fouling factor 

~I Shellside dirt fouling factor 

ISPlit"rinQ FloatinQ Head 

ICorrQ'Siv~ 

1370138140697665 

116 

[20--
[7"64 8917972018 

[5000 

!4000 

p 

Tubeside estimated pressure drop 103442161430847-7-­

Shellside estimoted pressure drop ro 613721073117155 

~L-______ ....!:I=[::::'" ::::O:::K::::",:;:.' .':!..ll _____ ..""".,.,---I 

of fluid [Corrosive 
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3.4.7. COST BENEFIT ANALYSIS 

The proposed system wi II need hardware and soflware ancl human ware to 

accomplish its task or purpose. The project cost of developing the system arc as follows 

3.5.1. COST OF DEVELOPING SYSTEM 

System analysis and requirement determination (5 weeks) for 

2 person = N2000 N4000 

System Design 

4 weeks 

Development and Implement 

5 diskettes 

A complete cost hardware with 

N8,OOO 

N400 

NI20,OOO 

Pentium 4 processor N 13(),OOO 

The Consultancy fees for designing Ileat exchanger is about N 150, OOO.Comparing the 

cost of design and implementing the software with the cost to charge a Chemical firm 

that wants Heat exchanger. Also coupled with time, speed saved in using the soft,,·;are. 

The benefit still outweighed the costs of designing the system. Hence, it is recommended. 
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CHAPTER FOUR 

4.0. SYSTEM DEVELOPMENT AND 1i\IPLF,MENTATION 

4.1. INTRODUCTION 

In every system development, the emphasis is to develop a system structure into a 

program that will help in achieving the goals of the proposed system. 

This Chapter discusses the programming language use, shows the algorithms and 

in addition, detail on the operation of the new system is explain. 

4.2. PROGRAMMING LANGUAGE USED 

Programming language selection involves determining of the best programming 

language for the application. Some factors to be considered includes: -

(a) The difficulty of the program 

(b) The technical skil1 required of the computer programmer. 

(c) The availability of programmers for various languages. 

(d) The availability of sub routine that may be used by the program 

(e) The existing hardware and software configuration. 

In developing this system, visual Basic programming Language is used. The main 

reason of choosing is that is easy to understand and use. 

Other advantage over other programmes includes:- CAS soon as the user submits a 

program and some data to the computer the computer executes the program, produces the 

result back to the users immediately, thus, it easy for the user to find out whether the 

program is working properly or there is a bug. 

In most scientific field and Engineering field Visual basic is lIsed to perform complex 

calculation on small set of data or simple calculation, which involves complicated 

manipulation of large set of data. Thus these are major things carried out in design of 

shell and to be heat exchanger. 
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4.3. ALGORITlIi\IS 

Algorithms can be defined as a set of well defined instructions for the 

solution of a problem in a finite number of steps. 

Design steps 

The following the steps taken in design procedure. 

(a) Define the duty: heat transfer rate, nuid now rate temperature 

(b) Collect together the nuids physical properties required: - density, viscosity and 

thermal conductivity. 

(c) Decide on the layout of the condenses to be used. 

(d) Select a trial value for the over all coefficient U 

(e) Calculate the mean temperature di fference, DTM 

(f) Calculate the required area. 

(g) Calculate the tube and shell coefficient. Calculate the overall coefficient and 

compare with the trial value. If the calculated value differs significantly from the 

estimated valuc, substitute the value calculated for the estimated value and retum 

to step C 

(h) Calculate the exchanger pressure drop; if unsatisfactory, retum to step for d or c 

in order of preference. 

(i) Optimise the design. Repcat steps d to j, as necessary, to detennine the cheapest 

exchanger that will satisfy the duty. Usually this will be the one with smallest 

area. 

4.4 PROGRAM CODES 

The programme is developed in visual basic environment. with a view of 

eliminating the rigour of going through several databanks, use of tables in 

determination of physical properties and various coefficients associatcd with in 

previous similar programs. 

The procedure adopted in coding this program, is the usc of equations for 

monographs, charts and graphs thereby minimizing CITors encountered during 
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data reading them. In addition, the computation is such that, it is indcpcndent of 

interpolations which arc also source of elTors when using tables Databank is 

incoqJorated, for calculating specific heat capacities and conductivities at \'arious 

temperature Also, fouling factors arc added into the databank, so that design for 

various compounds can be accommodated. 
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Start 

I Specification, Define duty, 
makes energy balances, 
calculate unspecified now 
rates or temperature 

Collect physical properties 

Assume value of overall 
coefficient, Ui\SS 

Decide number of shell and 
tube passes, Calculate 
DTM, 
Correction factor, Ft and 

Detennine heat transfer area 
required; At=q/Ui\sS DTM 

Decide type, tube size, 
material layout, Assign 
fluids to shell or tube side. 

Calculate number of tubes 

Calculate shell diameter 

Estimate tube-side transfer 
coefficient 

Flo\v chart 
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Decide bafne spacing and 
estimate shell-side heal 
transfer coefficient. 

Calculate ovcrall heat 
transfer coefficient 
including fouling factors 

Ui\SS 
O<Ucal - U,!~~_< 30% 

u'"ss 

Estimate tube and shell­
side pressure drop. 

Pressure drop 
Within 

specification? 

Estimate cost of exchan,ger 

Can design be 
optimized reduc 

cost? 

Estimate cost of exchanger 
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4.5. PROGRAl\IINTERFACE IDOCUl\lENTATION 

The program (listing in appendix) can be run in three ways viz: 

(a) On Visual Basic (VB) environlllcnt. 

(b) I\t DOS prompt. 

(c) Using a set up utility [compiled form]. 

STEP 1: 

STEP 2: 

STEP 3: 

STEP 4: 

STEP 5: 

STEP 6: 

STEP 7: 

On VB environment, open the Ooppy disk containing the 

Program. 

Click on "EXISTING" then on "C ADMHEATEXCHANGER"; 

the Oask form (fig cl) appears for few seconds, followed by the 

main form (fig c2) for input data. 

Input the appropriate data under the appropriatc headings. Make 

the required specifications, making sure ofconsistcnt units. 

Click on "DISPLAY RESULT" Button. The evaluated results for 

various parameters arc shown. 

Click 011 "CLOSE" button, to close the result. 

The results obtained can be saved, opened and printed. 

A new fonn can be obtained by clicking on new. 

The results are summarised in Table 4.1. Dctails of thc calculations are shown in 

appendix B while the computer printouts for CAD module arc given in appendix 

c. 
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4.6. RESULT 

Table 4.1 Comparison of CAD result and Manual solutions 

DESIGN SOLUTIONS 

DESIGN PARAl\lETER CAD l\lANUAL 

Type of He au Split ring floating Split ring floating Head 

Head Carbon steel 

Material of construction Carbon steel I sheIl pass, 4 tube 

Number of passes 1 shell pass, 4 tube 

passes passes 

Heat transfer area 111
2 370.\38 278 

Inside diameter mm 16 16 

Outside diameter 111111 20 20 

Overall coefficient estimate, W 1m2 "c 797.204 899 

Tubeside Dirt Fouling factor, (W/m2tlCrl 5000 6000 

Shellsidc Dirt fouling factor (W/m2 "c rl 4000 4000 

Tubeside estimated pressure drop bar 0.3442 0.3 

Shellside estimated pressure drop bar 0.6137 0.365 

4.61. DISCUSSION OF RESULT 

The result obtained by the computer-aided design, compares favorably with the 

standard result computed manually, the values of parameters like the heat duty of the hot 

nuid, which in turn used in the determination of the tube velocity, the number of tubes, 

various temperatures tally accurately. 

The number of tubes calculated using the CAD is a little bit higher as a resuit of 

approximations used in calculating the trial area, during manual evaluation, since the 

fonner utilizes higher decimal place in addition to the automatic iteration ability 

embedded in the program. 

The overall - co·efficient! which is a very vital parameter in the design of all heat 

transfer equipment is found to be very accurate when compared with the manual result, 

which was obtained through a laborious "trial and enor'. But such a task is achieved 
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within seconds of running the program. This can be appreciated for the fact that, it is this 

value that indicates the continuation or otherwise of the design. 

The shell-side pressure drop is higher in CAD. This is as a result of inaccurate 

accessibility of data of several mixtures of the hydrocarbons involved. Properties like 

viscosity and conductivity vary slightly due to variation in the physical properties of the 

componclll~ involved, hence the calise of the deviation. 

The value of the tube-side pressure drop is within a reasonable degree of tolerance 

compared to the manual value. This is because water is taken as the coolant for this heat 

exchanger, for economic reasons. 

All the computer-aided design results can be altered by changing one or two 

parameters, depending on the program's algorithm. 

Finally, the correlation coefficient obtained is very close to I which shows that the two 

results have almost agreed. 

4:1 CHANGE OVER 

The change frol11 the old system to the new system is known as conversion, it 

involves the conversion of the old file data into the firm required by the new system. 

There arc four method of handling a system conversion. Each method is considered based 

on the opportunities, it offers and problems that it may cause or have. 

(a) Parallel system: - This is the most secured method of converting from old to new 

system. Under the approach, users continlle to operate the old and the new systems the 

output or result frol11 both system arc cross - checked. 

For this computer aid design of heat exchanger parallel system was used. 

4.8 Installation 

The following tools will be needed to check the quality of the new system. 

(i) Code testing and specification Test: - This test examine what program should do how 

it should do it, in line with the result obtained. 

(ii) Verification Test: - This test involves executing the software 111 a simulated 

environment, using some assumption, testing a data for error findings 
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(iii) Validation test: - This test im'olve, the process of uSl!1g soft ware lt1 a live 

environmcnt for thc purpose of spotting error. 

(iv) Certification test: - This test involves endorsement of soflware for correctness. 

4." TRAINING PERSONNEL 

Even a well designed alld technical system call fail because of the way they are 

operated and used. Hence personnel that will use this computer aided design must be 

given an appropriate training once the system is implemented to enable him or her have 

the basic knowledge on how to operate the computer and its peripheral device 

Output of the Program 

m 

te 

m 

te 

si 

di 

~I 

Type of he~d: 

M~terio!ll of construction: 

Number of Po!l~~e~ 

Heo!lt Iro!lnsfer 

Inside diameter 

Outside diameter 

Overall coefficient 

Tubeside dirt fouling factor 

Shellside dirt fouling factor 

ISplit.ring Floating Head 

rc;;'uosive 

12--------
1370138140597555 

1'1;-----
120 

17648917972018------

rOOD 

roo-O---
Tubeside e$tim~ted pressure drop f0344215143084n-­

Shellside estirMted pressure drop 1051372107911715-5--

:~f f~lur:'d----__ -=II=··.·="·=b=K=.·=::·.=J/======:::;--, 
ICorrosive 3 
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CIL\PTER FIVE 

SUI\Il\lARY, CO[,;CLUSION AND RECOMMENDATION 

5.1. SUMMARY 

This piece of work has been carried out with the aim to develop program that can 

perfonn the rigorous and tedious calculations needed in the design simulation and 

optimization of a shell and tube heat exchanger. 

Before the designing of the new system a though study of the manual design system used 

in a certified literature (Richardson and Coulson Vol () was taken. During the study of 

the design, it \vas discovered that the manual system was characterized by limitations 

such as 

(I) Rigorous and tedious calculations 

(2) Dependency on graphs and table for basic data 

(3) Simulation and optimization of a shell and tube exchanger. 

(4) Delay in the result of design 

The (program) computerized system was designed in order to reduce all the lapses that 

were characterized \V'ith the manual system the program was developed in Visual basic 

environment. 

The result obtained by the computer aided design, compares favourably with the standard 

result computed manually, the values of parameters like the heat duty of the hot Ouid, 

which in turn used in the determination of the tube velocity, the number of tubes, various 

temperature tally accurately. 

The overal1 -- coefficient, which is a very vital parameter in the design of all heat transfer 

equipment is found to be very accurate when compared with the manual result, which 

was obtained through a laborious "trial and error" But such a task is achieved within 

seconds of running the program. 
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5.2. CONCLUSION 

From the result obtaincd and L1iscussed, it is obvious that computer aided design 

saves time, energy, cost anLiminimizcs errors. Thus, for optimization of any parameter at 

any givcn condition, thc rcsult can be used, sincc it is casily acccssed within short period 

oftimc. 

The modulc is casy to rlln, therefore a lot of vailic can bc tricd and thc bcst 

optimal valuc would bc obtained. Thc versatility of this program and in effect its result 

makes it possible for easy economic analysis and casy cquipmcnt construction. 

Finally, the program givcs a dcsigncr thc opportunity to shift emphasis 

on calculations during thc conccptual stagc and during thc dcsign stage to the 

final design stage. 

5.3 RECOl\lMENDATION 

Although work has been done in computer-aided design of a heat exchanger, there is still 

the nced to: 

1. Extend this work to coycr mcchanical dcsign such as evaluating Icngth, 

diametcr c.t.e 

2. Design other configurations and types of heat exchanger for a spcci fic 

Operation. 

3. Expand the database to include large numbers of components. 

4. Lastly, in tcnl1S of accuracy, the new system provides accurate evaluation and 
gcnerates a comprehensive rcsult, it is therefore recommended. 
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APPENDIX A 

PI{OGH.Ai\1 SOURCE CODE 

STANDARD l\IODULE(l\IOJ)UI,El.BAS) DECLAH,\TIONS(glohal variahle 

declarations i.e variahles visihle to all form llIodules in the projecL) 

Dim ResultLabcl As String 
Dim ivIenultem As Integer 
Dim rv1cnultem2 As Integer 
Dim ResullString I\s String 
Public RcsultArrayO ;\s String 
Public RcsultCounler ;\s Integer 

'dec larat ions 

Public Factor As ClassFoulingl-'actor 
Public FnctorCollcction ;\s Collection 

Public i As Integer 
Public Counti\lolecular As Integer 
Public IIV As Single 
Public he ;\s Single 
Public T ;\s Double 'Reference Tel11perature 
Public QV As Single 
Public Wc ;\s Single 
Public CW As Single 
Public Tc ;\s Sinolc o 

Public Tc I As Single 'tc 
Public R As Single 
Public Tv ;\s lJollblc 
Public Tv I As Double 'tv 
Public S ;\s Single 
Public Tim As Double 
Public Ft As Single 
Public Tm As Double 
Public UASS As Single 
Public At As Single 
Public SA As Double 
Public DO As Double 
Public D 1 I\s Double 
Public L ;\s Doubk 
Public Nt As Double 
Public OldNt As Single 
Public Pt As Single 
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Public l3unuleDiameter /\s Double 
Public l3unuleClearance /\s Double 
Public C /\s Double 
Public Nr /\s Single 
Public Tss ;\s Double 
Public Tts /\s Double 
Public Uc /\s Double 
Public Tw As Double 
Public Tille As Double 
Public rhoc /\s Double 
Public Vis As Double 
Public KI As Single 
Public rVlolecularWeight /\s Double 
Public CPc As Double 
Public TR As Double 
Public /\ivlW /\s Double 
Public rhov ;\s Double 
Public Th /\s Double 
Public No As Double 

Public ShcllCoenicient /\s Single 
Public /\tc /\s Double 
Public 1'110\\ /\s Double 
Public Vt As Double 
Public hi /\s Double 
Public Kw As Double 
Public hod /\s Single 

Public Ucal As Double 
Public sid /\s Double 
Public /\s I /\s Double 
Public Gs As Double 
Public de /\s Double 
Public Re /\s Double 

Public Re I As Double 
Public.ifl As Double 
Public .if2 As Double 
Public Us /\s Double 
Public Ps As Double 
Public Vis\\' As Double 
Public Ut As Double 

PlIblic db /\s Database 

Public I'S ;\s RCCOI'dsct 
Public qr As QueryDcf 
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Public db I As Database 
Public rs I As Recordset 
Publ ic ql' I ;\s QucryDer 

Public k I As Double 
Public n I As Double 

Public NameOIFilc ;\s String 
Public Filcllandle As Long 

Sub muinO 
frmSplash, Show 

End Sub 

CLASS i\IODULE(CLASSFOULlNGFACTORCLS) 

DECLARATlONS(Associatcs a compound with its Fouling Factor) 

Public Compolll1uNamc ;\s SIring 
Public F9ulingFactor As Long 

l\IAJNFORM C:ODE(The main USCI' interface where program execution starts from) 

Dim lllyArray( I To 6) As Long 

Public Function PrintResultToFilc(Counter As Integer) As String 
Dim RcsultSlring2 As String 

Select Case Counter 
Case I: ResuitString2 :=: "Cooling Water Flm\(Kgls)=" 8: " " 8: Slr(CW) 

Case 2: ResuitString2 :=: "Trial Area(1112)==" 8: " " 8: Str(At) 

Case 3: ResuilString2 =-: "Surface Area One '1\lbe(1112)=" 8:"" 8: Str(SA) 
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Case 4: ResultString2:= "Number ()rluhesc
" &."" &. Str(Nt) 

Case 5: ResuitString2 == "Number Orluhes In Centre Ro\\==" 8: " "8: Slr(Nr) 

Case 6: ResuitString2 == "Shell-side tcmperature(oC)=" & " " 8: Str(Tss), 

Case 7: ResuitString2 == "Tube-side tempcrature(oC)==" & " " 8: Str(Tts) 

Case 8: RcsultString2. == "\\'all tcmperatll\'e(oC)=" 8: " " 8: Str(T\\) 

Case 9: ResuitString2 ::: "['dean temperature condensate{oC)==" & " " & Str(Tmc) 

Case 10: ResuitString2 == "Shell-side Codlicient( \V Im20(,)==" & " " &. 
Str( Shell Coeflic ient) 

Case II: ResuitString2 == "Tuhe Cruss-sectional Area(m2 )==" 8: " " &. Str( Atc) 

Case 12: ResultSlring2 = "Tube Velocity(m/s}c°" &."" &. Str(Yt) 

Case 13: ResuitString2 == "lube-side coerticicnt( \\'/m20(,)==" &. " " &. Str(hi) 

Case 14: ResuitString2 == "Ovcrall (,oerticient(\V/m20C)==" &."" &. Str(Ucal) 

Case 15: :ZesultString2 == "Shell Intcrnal Dialllctcr(m)==" &. " " 8: Str(sid) 

Case 16: ResullSlril1g2 == "Cross-l1m\ t\rea(I11?)"::" 8: " " 8: Slr(As I) 

Case 17: ResuitString2 == "Equivalent Diametcr(m)==" 8: " " &. Str(dc) 

Case 18: ResuitString2 == "Shcll-sidc Pressure Drop(N/m2)==" & " " 8: Sll"(I)s) 

Casc 19: ResuitString2 == "Tube-sidc Pressure Orop(N/1ll2):::" &. " " 8: Str(Pt) 

End Select 
PrintResultToFile::: RcsuitString2 

End Function 

Private Sub Close ClickO 
End 

End Sub 
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Private Sub [nthalpyOrCondensateTcxtl_ Changd) 

End Sub 

Private Sub El1tlw IpyO fCondensatelextl_ Key PI'l:ss( Key Asc i i I\s Integer) 

End Sub 

Private Sub DisplayResllll_ Click() 

'Prillt Results on the form 

Result Form. Sh()\\ 
ResllltForl1l.DisplayResults_ ('I iCK 

End Sub 

Private Sub EnthalpyOICondensatcTcxt_ KeyPress( Keyl\sci i I\s Integer) 
Select Case KcyAscii 

Case I\sc("O") To I\sc("')") 
Case I\sc("."): 
I r InStr( LllthalpyOI(onucllsatcTcxt. ".") <> 0 Then 
KeyAscii = 0 
Beep 
Msg130x "Only Integer or Decimal Number is allowcd" 

End II' 

Case 8: 
Case Else 

Keyl\scii = 0 

Beep 
rvlsg[3ox "Invalid Charactcr input" 

Eno Select 

End Sub 

Private Sub EnthalpyOt'VapourTc.\t_KcyPress(Keyl\scii I\s Integer) 
Select Case Key!\scii 

Case Asc("O") To I\sc("9") 
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Casc 1\5C("."): 
IflnStr(EnthalpyOIVapourTc:\t. ".") <c· (J Thcll 
KcyAscii :::: 0 
Beep 
rvls!.!Box "Onl\' Inte!.!cr or Decimal Number is allo\\ed" 

~ . ~ 

End If 

Case 8: 
Case Else 

KeyAscii == () 

Beep 
ivlsgBo:\ "In\'alid Charactcr input" 

End Select 

End Sub 

Private Sub Film RnteOIVapourText_KcyPress(KeyAscii As Integer) 

Select Case KeyAscii 
Case I\sc("O") To I\sc("9") 
Case As(("."): 
IflnStr(Flo\\RatcOIVapourTc:\t. ".") <> 0 Theil 
KeyAscii ::::: 0 
IJeep 
f'vlsg13ox "Only Inleger or Decimal Number is allo\ved" 

End If 

Case 8: 
Case Else 

KcyAscii = 0 
Beep 
MsgBox "Invaliu Character input" 

End Select 

Fnd Suh 
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Private Sub FIO\\ RatcOrWatcrlc\tlc\t Kc,Prcss(Kev/\scii i\s Intcl!er) 
__. • \w, , 

Select Case I\.eyi\scii 
Casc /\sc("O") To i\sc("9") 
Case Asc(" ."): 
If InSlr(l-'lowf{alcOI'\\'alerI e.\llc\l. ".") <. () Theil 
Keyi\scii == () 

Ucep 
ivlsgUox "Only Integer or Dccimal Number is aIIO\\eJ" 

Llld If 

Case 8: 
Case Else 

KcvAscii ::= 0 
Beep 
rvlsgUox "I nval id Charactcr i npllt" 

End Sc!eel 

End Sub 

Private Sub Form Click() 
Debug.Print AppYath &. "\Chcmical Substanccs.mdb" 

Fnd Sub 

Privak Suh Form 1 ,oad( ) 
i = 1 

UASS == 900 
Uc = 1500 
ResultColinter == I 
Re Di III Result/\ rray( RcslIIlC ountcr) 

COllntf\lolccular:::: 0 

Illyi\rray( I ) == Uc 
myArray(2) == 1400 
lllyArray(3) == 1300 
myArw)(4) == 120() 
my/\rrayc'i) = I I (lO 
my i\ rra y( ()) == I (JO() 

Set Factor == Ncw ClassFolllill!!Factor 
. ~ 

52 



Sct FactorColkctiol1 = Nc\\ Collection 

FactoLCompoulH.lNamc = " Cooling Watcr" 
FactoLFoulingFactor = 4000 
FactorCollcction.Add Factor 
F ou ling F actorC ombo.Add I tCIll Factor .Coillpound N aillc 

Sct Factor = Ncw Classlolllillglac\llr 
Factor.ColllpollndNalllc = "Strc,lIll Condcnsak" 
Factor.FolilingFactor = 3000 
Factoreo Ilcctiol1. Add Factor 
Foul ingFactorCombo.Add I tCIll Factoi·. CompolindNamc 

Sct Factor = Nc\v ClassFoulingFactor 
Factor.COIl1POUlldNall1c = "Urganic \'apours" 
Factor.FoulingFactor = SOOt) 
Fadm Collection.Add Factor 
Foul ingractmColl1bo .Add Itcm Factor. Compound Namc 

Sct Factor = Ncw ClassFolilingFactor 
Factor.ColllpllundNalllc = "Organic liquids" 
Factor.FolilingFactor == 500() 
FactmCollcctioll.Add FaCllli' 
Foul i ng Factmeum boo Add Itcm I·actor. (. 0111 pound N amc 

Sct Factor = Ncw ClassFoulingFactor 
Factor.ColllpoundNal11c = "Light hydrocarbons" 
Factor.FoulingFactor = 500U 
FactorCollcction.Add Factor 
Foul i IlgFactorCol11 boo Acid Itel11 I:actor.l' OI11POlIlldN lime 

Set Factor = New ClassFoulingFactor 
Factor.ColllpoundNamc = "Ilcavy hydrocarbons" 
Factor.FolliingFactor = 2000 
FactllrCollcction.Add Factor 
FOll Ii Ilg FactorColll bo.Add Itelll I· actor. COl11pllundN ame 

Set Factor = Ncw ClassFolilillgFactor 
Factor. COlllpOlIlldNal11e -= "Boi ling organ ics" 
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Factor.FolilingFactor == 250() 
FactorColkction.Add Factor 
Foul ingF actorC ombo.Addl tCIll I·actor. Co 111 pound N:lIl1C 

Sct Factor == Nc\\ ClassFoulingJactm 
Factor.CompoundNalllc == "Acqucous solutions" 
Factor. FoulingFactor == 40U() 
F ac(orC 0 Ilcction.Add Fact\ lr 
F alii ingFactorColll boo Add I kill FactoI'. C()lllpound N amc 

'Populating PitchCombo 
PitchColllbo.Add Itcm "Triangular Pitch" 
PitchCombo.AdJltcm "Squarc Pitch"· 

'Populating NumbcrO IPasscsComho 
NumberOIVassesCol11bo.Addltclll "I" 
N um be rOIVasscsCol11bo. Add I tCIll "2" 
NlllllberOIVasscsCombo.Add Itel11 "4" 
N umberO IVasscsC o III boo Add I (CIll "6" 
N UI1l berO ll)assesC om bo. A dd I (elll "X" 

'Populate IleadCombo 

HeadCombo.Addltel11 "Pull-through Floating I lead" 
IleadCombo.Addltcl11 "Split-ring Floating Ilcad" 
IleadCol11bo.Addltcl11 "Outside packed I lead" 
HeadCombo.Addltcl11 "Fixcd and U-tube \lead" 

Set Jb I ::0:: Workspaces(O).OpcnDalabasc(App.Palh 8.: "\Chcmical Substanccs.mdb") 
Sct qrl == db I.CrcutcQlIcryDcI'("". "Selcct '" 11'0111 I \catCupacityOI1-iqllid") 
Sct rs I == qr I . Open Rccordsct( dbOpcn Snapshot) 
rs I.MovcFirst 
Do Whilc Not rsl.LOF 
L iqu idC olllpoundColllbo. Add I telll rs I (" Com pound Namc") 

rs 1.tvlovcNc:\t 

Loop 

Enu Sub 
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Sub Colicctl'aralllctcrs() 
On Error (joTo L 1 

Tv == Val(lnlctTclllpOfVapolltlc\lj 

II V == Val( EnlhalpyO IVapourTnl) 
he = Val(EnlhalpyOrConJcllsalc!c\l) 

Te = Val( lnlctTclllpOfCoolantTc\t) 
We =:: Val(Flo\\l{atcOfVapourlc\l) 
Tc I == Val(OlItictTcmporCoolantTcxt) 
DO = Val(OutsidcDialllcterTcxt) 
01 == Val{lnsidcDialllcterTcxt) 
L = Val(TubeLenghtTexll 
Tv I =:: Val(OllllclTell1pOI\\'alcrText) 
QV == We I 3600 * (lIV - hc) 
CW=QV/((Tel-Tc)*4.IS) 
[xiI Sub 
L I: MsgBox "One or more parameters missing. " 8:. ybCrU 8:. "Click OK to continue.". 
vbOKOnly + \'bCrilical + \'hDcl"auIIBlIltonl 

End Sub 

Private Sub FOlllingFactorColllbo_Click() 
Dim FObj As ClassFoulingFaclor 

Sel FObj == New ClassFoulingFaclor 

For Each FOhj In FaclorCollcction 
I r FOlilingFaclorCol11bo.TcXl =:: ':Obj.COI11POlll1dNllI1lC Then 

hod == FObj.FoulingFaclor 

Exit For 

End II' 

Nc\t 

End Sub 

Private Sub InletTempOrCoolantTcxl_KeyPrcss(J..:.cyl\scii I\s Intcger) 
Select Case Kcy/\scii 

Case I\scC'O") To /\se("lJ") 
Case /\5e("."): 
If InStr(lnlctTclllpOrCoolantTc\l. ".") <> 0 Thcn 
Kcy/\scii = 0 
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Becp 
~/lsg13o:\ "Only Intcgcr or Dccimal NUlllher is all()\\cd" 

End If 

Casc 8: 
Casc Elsc 

KcyAscii == 0 
Bccp 
ivlsgBo:\ "Invalid Character input" 

Eno Sclect 

End Sub· 

Private Sub InktTcl11pOrVapoutlc:\tJ\.eyPress(KeyAscii I\s Integer) 
Select Casc Keyl\scii 

Case I\sc("O") To I\sc("\)") 
Case I\sc("."): 
IrlnStr(lnletTempOIVapoutTcxt. ".") <> 0 Then 
KeyAscii == 0 
13eep 
MsgBox "Only Integer or Decimal Number is allowed" 

Enu I r 

Case 8: 
C:lc;e Else 

Kc) Ascii == 0 
13eep 
ivlsg13o:\ "Invalid Charactcr input" 

Fnd Sclect 

End Sub 

Private Sub InsideDial11ctcrTe:\t KC\\'ress(KC\l\scii I\s Intcl.!cr) _., ~ ~ 

Sekct Case Keyl\scii 
Casc I\sc("O") To l\sc("9") 

Case I\sc("."): 
I I' InStr(\nsidcDial11cterTc:\l. ".") <> 0 Then 
Kcyl\scii == 0 
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\3eep 
l\lsgBox "Only Integcr or Ikcilll:1I NUlllhcr is allll\\cd" 

End If 

Casc 8: 
Case Elsc 

l\.eyAscii == 0 
\3eep 
ivlsg\3ox "Illvul id Charactcr input" 

End Select 

End Sub 

Public Sub Il1nOvcrallCocrlicient Click() 

Dim PitehType$ 
Dim N Passes As Integer 
Dim CPc As Double 
Dim 1\.1 As Double 
Dim AMW2 As Double 
Dim hc As Double 
On Error Golo L I 
K\\':::50 
'Collect Input parameters by culling a procedure 
CollectPurallletcrs 
I't = 1.25 * DO 
'Call At.Ft.Others 
Lul~ FTAT 

'Surface Arcu Of one tubc 
SA::: DO * 3.142 * L 

'Numhcr. ()f luhcs 
Nt::: At / SA 
PitchType::: PitchColl1ho 
NPasses::: Yal(NulllberOIVasscsCombo) 

Call ChcckPitchTypcAndPasscs(PitchTypc. NPasscs) 

1311ndlcDiall1ctcr::: DO *' (1\t / k I) 1\ (I / n 1) 
Nr::: BlIndlcDiall1ctcr / Pt 
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lss == (Tv +- Tv I) ! :2 

Tts == (Ie 1 +- 'Ie) ! :2 
Tw == Tss - «(Tss - 'l'ts) * UASS) Illc 
Tme == (Tss + '1\\ ) ! :2 

Sct db == \Vorkspaccs(O).OpcnDatabasc(/\pp.Path & "\Chcmical Substanccs.mob") 
Sct qr:::: db.CrcatcQucryDc!("". "Sclect * from IlcatCapacityOIl,iqllid \\herc 
CompoundName=='" & LiquidCompoundCombo & ""') 
Set rs = qr.OpcnRceorusct(dbOpcnSnapshot) 

CPc = I's("A") + rs("13") * Tme + rs("C") * (Tmc 1\ 2) 

rhoe = (0.618 * 1.221\ (-I * (I - «lme + 273) /374.14» 1\ (2 / 7)) * 1000 
KI = (3.56 * 0.000005 * CPc * rhoc) / (rs("MolcclllarWeight") 1\ (1/3)) 

Vis == O.1900()t) +- (-O.0044~())lJ7) * ":IllC +- (O.0003()53l)l):2) * 'l'mc 1\ :2 \- (-O.OOO() IOS:2(65) 
* Tmc 1\ 3 -+ (O'()OOOOOI2·167()2) * Tillc /\ 4 +- (_4.lH7917F-IO) * Tillc /, 5 

TR==(Tel-Tc) 
'Do this if mcthane is sclected 

I I' MethancCheck.vallic Then 
Set db I = WOl'kspaces(O).OpenDatabase(App.Path & "\Chcl1lical Substanccs.l1ldb") 
Set ql' I = db I.CreateQlIcl-yDe!(,,". "Select * from EnthalpyOIVapollt' where 
CompolindName='" & ivIcthaneCheck.Caption & ''''') 
Set rsl == qr!.OpcnRceordsct(dbOpcnSnapshot) 

AMW = AMW + rsl("MoleclllarWcight") 
CountMolccular == CountMolccular +- I 

End If 

'Do this if Ethane is sclected 

If EthancChcek. valuc Thcll 
Sct db 1 = Workspaees(O).OpcIlDatahase(App.Path & "\Chcmieal Substances.ll1db") 
Set qrl == dhl.CrcatcQllcryDc('("". "Selcct * li'om ElltilalpyOIVapollr \\hcrc 
CompollndN!1!l1c=='" & EthancChcck.Caption & ""') 
Set rs 1 == qr I.OpcnRccorcJsct(JbUpcnSnapsilot) 
AMW == AMW + rsl("ivlokclilarWcight") 
COlintMolcclilar == CountMlliccular + 1 
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End If 

'Do this if Propanc is sclectcd 

If PropancChccK. Valuc Thcll 
Set db I == Workspm:cs(O).OpcnDatabllsc(;\pp.Path &. "\Chcl1lical Slibstanccs.mdh") 
Sct qrl = db I.CrcatcQlIcryDd'("". "S<.:icct * "'om EllthalpyOIVapour \\here 
CompolilldName='" & PropallcCl1ccK.Captioll & " ") 
Set rsl = qrl.OpeIlRccords<.:l(dhOpcIlSllapshot) 
AMW == AMW + rsl("I'vlokcularWeight") 
COllntivlolccular == COllnl~ lokcular + I 

End I r 

'Do this ir Butane is selected 
If Pl'OpallcChecK. Value Thcll 
Sct db I == Workspaces(O).OpenDntabase(App.Path & "\Chemical Substances.mub") 
Sctqrl =dbl.CreatcQucryDcn"". "Select'" from EnlhalpyOIVap0ll!'\\here 
Compolll1dNamc='" & l3utallcChecK.Captiol1 & ''''') 
Set rs I == qr I.OpeIlRecordsct( dbOpenSnapsilol) 
A1\1\V;c;; ArvlW + rsl("MolccularWcighl") 
COllnlMolecular == COllnlMolecular + I 

End If 

'Do this jf Pentane is selected 
I r PenlaneCheck.Vallie Then 
Set dh I = Workspaces(O).OpcnDatahasc(!\pp.Path & "\Chelllical SlIhstarH:cs.mdh") 
Sct qrl = dhI.Crcatd)lIcrylkl("". "Select * from 1':llthalpyOIVapour wherc 
CompoundNalllc='" & PentaneCheck.Captiull 8: ''''') 
Set rs I == qr I.OpcnRecordscl(dbOpcnSnapshot) 
AMW == AMW + rs I ("MokcularWcight") 
CoulllMoiccular == COlintiv1oicclilar + I 

End If 

'Do this if IlexHllc is sdecled 
If IlcxaneChcck.Valuc Thcll 
Sct db I :::: Workspaccs(O).OpcnDatahasc(App.Path & "\Chcmical Slibslanccs.llldb") 
Set qrl = dbl.CrcatcQllery[)ef'("". "Select * from EnlhalpyOfVapour where 
CompolilldNalllc='" & I \c.\allcChccK.Caption 8: ''''') 
Scl rs I === qrl.OpcnRccordsct(dbOpcnSnapsilot) 



Af\IW::= AM\\, -1- rsl("tvlokcular\\'cight") 
Countf\lolecular::= COlilltivtokcular + I 

End If 

AMW2 = AMW 1 COlintMoleclilar 

'Vapour Density At iYlcan Vapour Tel1lperature(rilov) 

rhoy = ((AMW2122A) * 273) I (273 + Tss) * TR / I 
Th = We 1(3600 * L * Nt) 

No = (2 I 3) * Nr 

'My nc\v Shell 

ShellCocl'licicnt == O.l)5 * (KI * «rhuc * (rho\.: - rhov) '" l),g I) I (Vis * (),()() I * Til)) i' (I /3) 
* (No) 1\ (-1/6)) 

Ate = 3. 142 I 4 * (D 1 1\ 2) * Nt / 4 
'Tubc side Cocflicicnt 
rhllc = (0.995 * 1.003 1\ (-I * (I - «(lts -1 273) I 374.14)) 1\ (2/7))) * 1000 
Vt = (CW I rhoe) '" I I Ate 

hi = 4200 * (1 .3 5 + (0.02 * T ts)) * (V t 1\ O. R) / « [) I '" I 000) 1\ 0.2) 

Ueal = I I « I I ShellCoefficicnt) + (1 I hod) + «DO * Lng(DO / I) I)) / (2 * Kw)) + (DO / 
U I ) * (I / hod) + (\)O / {) 1 ) * ( 1 / hi)) 

MClluItclll = 14 
'ChcckMenliitelll (Mcnultell1) 
ResultArray( RcsultCountcr) = PrintRcsultToF i Ic( (Menul tcm)) 
ResllltCounter = ResultCollnter + I 
ReDim Preserve ResultArray(RcsultCoullter) 

Exit Sub 
L I: Msgl30x "One or more parameters missing. " & vhCrLf & "Click OK to continue.", 
"bOKOnl), + vhCritical + \'b\)cl~lldtButtonl 
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R esultA!Tn y( Result Counter) := Pri 11 t R csul tTo Fi Ic( ( ~ knultcll1)) 
ResultCountcr:= RcsultCounter + I 
ReDim Preserve ResliltA rray( Result Counter) 

Exit Sub 
L I: MsgBox "Oil\': or mun: paraml!ll'rs missil1g. " & I/bCrU 8: "Click OK to continu\.:.". 
vbOKOnly + vbCritical + vbDcrauitnuttol11 

End Sub 

Public Sub mlluEqlliva!cnlDiall1eter_ ClicK() 
Dim epc As Double 
Dil11 KI As Double 

011 Enol' (joTo I. I 

K\\':= 50 
'Collect Input paramcters by calling a procedure 
CollcctParamelers 
Pt :::: 1 .25 * DO 
'Call At.ft.Others 
Call FlAT 

'Call SA.SI[) 
Call SASI[) 

Asl =: (CPt - DO) * sid * sid) / Pt 
Gs=: (\Vc 136(0) * (II Asl) 
de = (1.27 / DO) * «(Pt 1\ 2) - (((USS) '" (DO 1\ 2))) 

fvlcnuilel11 = 17 
'CheckM ellul tem (tvlcllul tem) 
ResultArray( ResultC oUllter) =: PrinlResultToF i le( (Menul telll)) 
ResultCountcr = ResullCollnler + I 
ReDilll Preserve RcsultArray(RcsultC olillter) 

Exit Sub 
L I: ivlsgB(lx "One or morc parameters missing. " & "bCrLl" 8: "CliCK OK to continuc.", 
vbOKOnly + \"bCritical + \"blJel[1lI11l3uttonl 

End Sub 

Pli hi ic Suh Illllll i\ kan"\'l:111peratllrd) ICondensate __ C I ickO 
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'Collect Input parameters by calling a procedure 

C olkc! Parameters 
Tss == Tv + Tv I / :2 

Tts == Tc I + Tc / :2 

Tw == Tss - (lss - Tts) * U!\SS / Uc 
Tmc == Tss + Tw / :2 

Menultcm == 9 
'CheckMenllltem (Nknllitem) 
ReslIlt!\ rray( ReslIltC ollnter) == Print ReslIltTo I-'i Ie( (Menlll tem)} 
ResllltColll1ter == ResliltC oUl11er + I 
ReDim Preserve Result;\rray(ResultCounler} 

End Sub 

Private Sub mnllExit Click() 
End 

End Sub 

Publ ic Sub Illll1lfvkanTclllpl:ralUrCCondcllsatc _ Click() 

'Collect Input parameters by calling a procedure 

CollcclParllmeters 
Tss == (Tv + Tv I ) / :2 

TIs == (Tc 1 + Tc) / 2 

Tw -:= Tss - (Tss - Tts) * U/\SS) / lic 
Tlllc == (Tss + T\\) / :2 

rVlenultem == 9 
'CheckMenultelll ([\lcnultelll) 
Result!\ rray( RcsultC ounlcr) ::: Pri n t Rest! ItToFi Ie( ([\ lent! I tCI11)) 
ResullCounter == ResullCounter + I 
ReDim Preserve Rcsult;\rray(ResultCounter) 

End Sub 
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Privatc Sub mlluNc\\_ C1ick() 

Flo\\J{atcOIVapourText.Tc\t -::: '''' 
EnthalpyOIVapourTcxt.Tc\t"" "" 
EnthalpyOI(ondcnsalc'J'e\t.Tc\l == "" 

InlctTcmpOfVapoutTcxt.Tc\t == "" 

OutlctTclllpOfWatcrlext.Te.\t == "" 

InlctTcll1pOrCoolantTc\t.Te\t == "" 

OutlctTcmpOrCoolalltTe\t.le\t == "" 

OutsideDial1leterTe\t.Te\t c 
"" 

IllsideDiallleterle\t.lc\t == '''' 

TubeLcllghtTeXl.Tc\[ = "" 

l~nd Sub 

Public Sub IllnuNumberOITubcs Click() 
On Error Gulo L 1 
'C 0 Ilect Input parametcrs by call i ng a procedurc 

C ollectParamctcrs 

FTAT 
'Slll·raCC Area or one tubc 
SA == DO * 3.142 * L 

'Check if a IlC\\ Nt cxists 
I r (ll ASS - llca I) <:'== 1 () Then 
'Calculate nc,\' area 

At == (.)V * 0.0(1) I (lJc~d t. TI11) 

'Calculate new Nt 
OldNt == Nt 
Nt==At/SA 

Else 
'Usc old Number Of Tubes 
Nt == At I SA 

End I r . 

rvlcnultell1 = 4 
'ChcckMenlillcll1 UvlcnllI lCIl1 ) 
ResultA lTay( RcsultCllllnlet·) := PritltResultloF i Ic( (~lenlll tem)) 
RcsultCountcr = ResliltCoullter -I- I 
RcDim Prescrvc Rcsult/\rray(RcsultColllllcr) 
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Exit Sub 
L I: 1'\'!s:;80x "Onc or mme parameters missing. " & vbCrlJ & "Click OK to continuc.", 
vbOKOnl), + \'bCritical + \h()el~lldtl~uttol1l 

El1d Sub 

Public Sub IllI111Nul1lberOn uheslnCcntre\{o\\ Click() 
On Error GoTo L I 

Dim Pitchlype /\s String 
Dim NPasses /\s Integer 

'Collect Input parameters by calling a procedure 

CollcctParamcters 
I't = 1.25 * DO 

FTAT 

'SlII'l:1CC Area or one tube 
SA = DO * 3.142 * L 

'Number Of Tubes 
Nt = ;\.t / S;\. 

PitchTypc = PitchColllbo 
NPasse<= NumberOtVassesColllho 

Call CheckPitchlype/\ndl'asscs( i'itchlype, N P<lsses) 

BundlcDiamcter = DO * ((Nt / k I) 1\ (I / Ill» 
Nr = BundlcDiametcr / Pt 

Mcnllltelll = 5 
'(hcc kivl en ul tc 111 (ivI enul tCIll) 
Result;\. rray( Reslil t C oUlltCr) = Pri 11 t Rcsul tTo F i Ic( (1\ 1cnultel1l» 
ReslIltCountcr = RcsllltColinter + I 
ReDim Preserve ResliltArray(Result('olinler) 

Exit Sub 
L 1: r'vlsgBox "Onc or more parameters missing. " & vbCrLf & "Click OK to continuc.", 
"hOKOnly + \'bCritical + ,bDcfaultBultonl 

End Sub 
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Private Sub mnuOpen_ Clic\.;.() 
Dim J\$ 
Dim \Vrap$ 
Dim ;\IITe\t$ 
On Error GuTo L I 

Wrap$ = Chr$( 13) + l'hr$( I ()) 
FilcVic\\'cr.Tcxt I.FontNal11c ccc "Arial" 
FileViewer.lc"t I.FontSizc = 10 
With COl1llllonDialog I 

.l)cI~lllltFxt == "Txt" 

.DialogTitlc =:-: "Save C;\I) File" 

.filename = "NoNamc" 

.hltcr = "Tc"tFik( * .Txt l\* .Txt" 

.lnitDir = ;\pp.Path 

.ShowOpcn 
End With 

File! lanc.llc = FreeFiIcO 
NamcOlrile = C011111lonDialog I.filenamc 

Opcn NamcOlrilc For Illput ;\s IIFilcllalldlc 
Do While Not [OF(Filcilanulc) 

Lillc Input HFiIcI \(mdlc, A$ 
;\11Tc\t$ = ;\IITcxt$ + ;\$ + WrapS 

Loop 
FileVicwcr.Tc"tl.Te.\t = ,\IITc"t$ 
Fi Ie Vie\\cr.ShO\\ 

I~.\il Suh 
L I: i'v1sgl3o.\ "No file selectcd. " & vhCrU 8: "Click OK to continue.", vhOKOnly -1 

vbCritical + vbDcf~llIltl3ulton I 

End Sub 

Privatc Sub IllnuPrilll_Click() 
On Error Golo L I 

Printcr.Pril1l" "; "INPlIT P;\R;\[\II~lLRS" 
Printer.l'rint" fl. 11 

Prilltcr.Print" "; "Liquid COIl1POUIHJc-:" 8:. L.iqllitlCompolindCl1lllbo 
PrintcrYrillt" "; "Ciascolls ClllllPOlll1d '" " 8: (iascolisCol11polll1dCOlllho 
Printcr.Print" "; "1\lass Flow Rate OrVap0llr =" 8:. FIO\\RatcOfYapollrTc.\t 
Printcr.Print" "; "Enthalpy Of Vapour o-~" & (~lllhalpy()IY;\p()urlexl 



Printer. Print " "; "Lntllllipy ()ITllndcl1slIte ~-" & Lntlllllp)OICul1ticnsateText 
Pri nter. Print" "; "Condenser Operat i ng Pressure =c:" 8.:. Ope rat ing Pressurelext 
Printcr.Print" "; "Inlet Temperature OrThe Vapollr==" 8.:. InlctTcmpOIVapolltTcxt 
Printer.Print" "; "Outlet Temperature or Thc Vapour =" 8.:. OutletTcl11pOrWaterText 
Printer.Print" "; "Inlet Temperature Of The Coolant=" 8.:. InletTel11pOrCoolantText 
Printer.Print" "; "Outlet Temperature OrThe Coolant=" 8.:. OutlctTempOrCool,lt1tText 
Printcr.Print" "; "Condcnser Tuhe Outside Diamcter =" & OlitsideDiameterText.Text 
Printer.Print" It; "Condcnser Tube Inside Diameter =" 8.:. InsideDiamcterText 
Printcr.Print" ": "Lcnght OrThc Tube =" 8.:. TuhcLcnghtTcxt 
Printer. Print " "; " Pitch Type""" 8: PitchCol11ho 
Printcr.Print" ": "Numbcr or Passcs ==" & NumbcrOfl'asscsColllbo 
Printcr.Print" ":" I lead Type For Exchangcr==" & IleadColllbo 

Printcr.Print" ": "Fouling Factor =" & FoulingFactorColl1ho 
'Sa\'c Result 

Printer. Print" 11, " 

Printer.Print" II. " 

'Print rcsults to lilc 

Printcr.Print" "; "RESULTS OBTAINED" 
Pri ntcr. Pri 11 t" ";" ----------------------------______ " 

For ck = I To ResliltCo\lnler - I 

Printer.Print" "; ReslIlt;\rray(ck) 
Next ck 

Exit Sub 
L I: f'vlsgBox 1~1T.[)escripti()n 

End Su b 

Privatc Sub I11nuSave ClickO 
Dim ck As lnteoer c 
On Error GoTo L I 

With COll1l11onDialogl 
.DeltlllllExt == "Txt" 
.DialogTille =: "Savc CAi) File" 
.Ii Icnam\: == "NoNall1c" 
.Filtet" "" "TcxtFik( '" .Txt)J'" .Txt" 
.lllitDir = App.PUlh 
.ShowSll\c 

End With 
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Filcllantllc = FrecFileO 
NameOfTile:::: COllllllonDialog I.filenamc 

Open Nall1cOfTilc For Output /\s IIFild landk 
Print #Filcllandle. "INPUT PAR;\~ILTLRS" 
Print ill· i Ic II and Ie. "----------------------------------" 
Print #Fild land Ie. "Liquid COl11pounu=" &. LiquidCompolindColl1bo 
Print #.Filcllandle. "Gaseolls Compollnd used == " 8.: "Lighillydrocarbons" 
Print #Filcllandle. "Mass Flo\\ Ratc or Vapour( Kg/h) ::::" &. FhmRateOIVapourText 
Print #Filellandle. "Enthalpy or Vapour(K.l/Kg) :.=" 8.: Enthulp) OIYapourText 
Print #Filcllandle. "Enthalpy OrCondcnsate(KJ/Kg):=:" & EnthalryOrCondensateText 
Pri nt # File II and Ie. "Condenser Operat in g Prcssure( har) :=:" & Opcrat i ngPrcssureT ext 
PrintllFilcilandk. "Inlet Tcmpcrature Of The Vapolll(oC)-=" & InlctTcmpO/Vaj1outTcxt 
Print IfFilcilandlc. "Outlet Tcmperature OrThe Vapolll(oC) ==" 8: 

OutletTcmpO rWaterText 
Print #Filellandle. "Inkt Temperaturc OrThc Coolant(oC):=:/I 8: 

InletTclllpO rcoo lantTcxt 
Print #Filellandle. "Outlet Tcmperaturc or The Coolant(oC)=" 8: 

OutletTclllpOfCoolantTcxt 
Print IIFilcllandlc, "Condenscr Tube Outside Diameter(lll) =" 8.: 

OlitsideDialllcterText.Text 
Print #Filcllandlc. "Condenser Tube Inside Diameter(m)::::/I & IllsideDiall1etcrTcxt 
Print IIFilcllandlc. "Lcnl!ill or The Tuhc(Il1)::::" 8.: TlibeLcnl!htTcxt 

~ ~ 

Print #Filellandle. " Pitch Type=" 8.: PitchCombo 
Print #Filellandle. "Number or Passes :=" 8.: NumbcrOfVassesColl1bo 
Print #Filel landlc. " I lend Type For Exchanger==" 8.: IleadColllbo 
Prinl #Filcllandlc. "Fouling Fnctor( \V/1112oC) :::0" 8.: FOl1lingFactorCol11bo 
'Save Result 

Print #Fikllandle. " 
Print #Filcllandk. " 
'Print results to file 

Print #Filellandlc. "RESULTS Ol3lAINU)" 
Pri nl II File II and Ie. "----------------------------------" 

For ck == I To ResultCountcr - I 

Print #Filcllandle. Resl1lt;\rray(ck) 
Next ck 

Close HFilcllandlc 

Exit Suh 
L I: MsgBo:\ En.lkscripti(lll 
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End Sub 

Publ ic Sub I1llluShellillternalDil~nH:ter_ CI ick() 
Dim CPc As Double 
Dim KI As Double 

K\v::: 50 
'Collect Input parameters hy Glilillg a prm:cdure 
C ollcclParal1lcters 
'Call At.FLOthers 
Call FTAT 

Call SASID 

Mellultcll1 ::: 15 
'Chec kM ellllitem (1\ Icnllileill ) 

ResultArray( Resul t Coullter) =c PrintResultToF i Ic( (iv!enullclll)) 
RcsultCounter::: RcsultColilltcr !- ! 
ReDill1 Preserve ResultArray(RcslIltColintcr) 

End Sub 
Sub SASIDO 
Dim PitchType$ 
Dim NPasses As Integer 
On r:rror GaTo L I 

SA:= DO * J.I..t2 * L 
PI =c 1.25 * DO 

'Number OrTubes 
NI=At/SA 
PitchType = PitchCOlllbo 
N Passes,::: Val( NUIll berO 11'asscsColll bo) 

Call CheckPitchTypeAnuPasscs( PitchTypc. Nl'asses) 

l3undlcDialllctcr = DO * (Nt / k I) 1\ (I /111) 
Nr == 13uJJcJlcDialllclcr / Pt 

Tss = (Tv + T\' I) / :2 



Tts:= (Tc 1 + Tc) I 2 

'" 'j' ('" '1' * 1 1 \SS) /1 ! \\ = SS - ( S5 - tS) LI" l C 

Tmc = (lss + T\\) /2 

Set db == Workspacl.:s{O),Opcn\)atahasc(/\pp.Patil & "\Chclllkal Suhstan(cs,mdb") 
Set qr = db.CrcateQueryDeW'''. "Select * from 'lcatCapacityOfl,iquid \\bere 
CompolilldNume='" & Liqll idCompolilldCombo & ""') 
Set rs = qr.OpenRccordset(dhUpenSnllpshot) 

CPe = rs(";\") + rs("13") * Tmc + rs{"C") * (InK /\ 2) 

rhoe = (0.618 * 1.22 /\ (-1'" (1 - «(lmc +- 27.3) !)7·U·I)) /' (2 / 7))) * IOO() 
KI = (3.56 * 0.000005 * CPc * rhoc) / (rs("i\lokclllar\\'cight") /\ (1/ 3)) 

Vis = (), 1 9006<) + (-0.004430397) * Tlllc 1 (O,OOOJ()SJ()()2) * Tmc /, 2 I (-O.()O()() 10820(5) 
* Tmc /\ 3 + (O.OOOOOOI24()7()2) * Tmc /\ 41 (-.+.9479171:-10) * Tlllc I' 5 

lR = (lei - Tc) 
'Do this if mcthane is sclected 

If MethuncCheck, Valuc Theil 
Sct db I = Workspaccs(O).OpenDatabasc(;\pp,Path & "\Chcmical Slibstances.nH.lb") 
Sct qr I = db I.CreateQlIeryDef( "". "Select * (I'om EnthalpyOIVapour \\ here 
COl11polindNamc='" & McthancChcck.Caption & "''') 
Set rsl := qr! .OpcnRccordsct(dbOpcIlSnapsllOt) 

;\rvtW:= ;\i'vlW + rsl("MolcclilarWcight") 
COlllltrvtO\cClIlar:= COlillti'v\olcclilar + I 

End If 

'Do this if Ethane is sclectcd 

IfEthancChcck.Vallic Thcn 
Sct db I = Workspaccs(O),OpcnDatabase(;\pp.Path & "\Chemical Substanccs,mdb") 
Set qr I = db I.CreatcQlIcryDelr'''. "Select'" from FllthalpyOIVapolir \\ here 
COll1pollllJNall1c:='It & EthallcChcck,Caption & ''''') 
Set rs 1 = qr 1.0penRccordsct(dbOpenSnilps\)ot) 
;\M\\, = ;\MW + rsl("MoleclilarWcight") 
COlintMolcclilar == COlintMo\cclilar +, 1 



End If 

'Do this if Propane is selected 

I r PropaneCheck.Yaluc Then 
Set dbl == Workspnccs(O).OpcnDatabasc(App.Pnth 8:.. "\Chemical Subslanccs.mdb") 
Sel qr I = db I.CreateQlleryDel{"". "Select * It'om EnlhalpyOIVapollr where 
Compolll1dName='" &. i'ropaneCheck.Caption & "''') 
Sct rs I = qrl.OpenRecordsd(dhOpenSlwpshot) 
At,,!\\, = Atv\W + rsl("1'vlo\ccularWeight") 
COllnt1'vlo\cclIlar = COllnt1'v\tl\cclIlar + I 

End If 

'Do this if Butane is selected 
IfPropailcChcck.Yalllc Then 
Set db I = Workspaces(O).OpenDatabase(App.Path & "\Chemical SlIbstances.mdb") 
Set qrl = db I.CreateQlIeryDcf("". "Select * It'om EnthalpyOIVapollr where 
COl1lpollndNal1lc='" & BlilaneChcck.Caption &. ''''') 
Sel rsl = qrl.OpenRecordsel(dbOpenSnapshol) 
AMW = AMW + rs I ("Mo\cclIlnrWcight") 
Coul1ttvto\ccular = CountMolecular + I 

End If 

'Do this if Pentane is selected 
lfPcntaneCheck.Value Theil 
Set db 1 = Workspaces(O).OpcnDatahase(App.Path &. "\Chemical SlIhstanccs.mdb") 
Set qrl = db I.CreateQlleryDet( "". "Se\cct * from EnthalpyOIVarour where 
ComrollndNamc='" &. PentaneCheck.Cartion &. ''''') 
Sell'S I :;;:: qr 1.0pel1 Recordsel( dbOpenSnapshnt) 
;\f',,!W = AMW + rs I ("MoleclllarWcight") 
COllnlMo\ccular = Countr'vloleclliar + I 

End If 

'Do this if Ilexane is se1ccted 
I r IlnaneCheck. Vallie Then 
Set dbl = Workspaces(O).OpenDatabasc(App.Path &. "\Chcmical Substunces.l11db") 
Sct qrl = dbl.CreateQlIcryDel{"". "Select * from LnthalpyOIVapotll' \\hcre 
COl11poundNal11e='" &. I \cxancCheck.Caption & ''''') 
Set rs I = qr 1.OpenRecordscl( dbOpcl1Snapshol) 
;\i\lW = Ai\lW + rsl("1'vl()\ccularWcight") 
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Private Sub IllnllAbolitCAD Click() 
A boulF mlll.Sho\\ 

End Sub 

Publ ic Sub 1lll1uCooi ing WatcrF lu\\_ C I ic kO 

'Col\ccllnput parameters by calling a proceuure 

Col lectParallleters 

i\1cllllltel1l :::: I 
'jy\cllultcm20= I 

'CheckMenu Item (Mel1ultclll) 
Result!\. rray( Result Counter) :::: P ri n t Rcsul tl 0 Filet (iv !c n ullelll)) 
ResultCounler 0= ResultColilltcr + I ' 
ReDim Preserve ResultArray(ResultCounter) 

End Sub 

Publ ic Sub Illl1uCrossllo\\!\. rea_ Cl ickO 

Dim (Pc As Douhle 
Dim KI !\.S Double 

On LITor (iolo 1,1 

Kw:::: 50 
'Collect Input parameters by calling a procedure 
CollcctParameters 
Pt:::: 1.25 * DO 
'Call ALFt,Othcrs 
Call FTAT 

Call S!\'SID 

Asl :::: ((Pt - DO) * sid * sid) I Pt 

MCllultcm:::: 16 
'ChccUv!cnultcm (iv\cnul1cm) 
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COlll1ti\lolecular == COlllltMolccular + 

End If 

AMW2 :::: A~/IW / COlillti\lok<.:ulur 

'Vapour Dens it)' A t Mean Vapour TClllperature( rho\'} 

rho\' = (AM W~ /22,4) * 273) / on! 'Iss) * If{ / I 
Th == \Vc / (J600 * L * Nt) 

No == (2 / 3) * Nr 

'My new Shell 

ShellCoefticicllt = 0.95 * (KI * «rhoc * (rho<.: - rho\') * 9.81) / (Vis * 0.00 I * Til) 1\ (I 13) * (No) 1\ (-1/6) 

Ah: 'C-: 3.1'+2 / 4 * (D I 1\ 2) * Nt 14 
'Tube side Coefficient 

rhoc:::: (0.995 * 1.0031\ (-I * (I - «lts + 273) / 374.14» 1\ (2 / 7))) * 1000 
Vt == (CW / rhoc) * 1/ Ate 

hi == 4.200 * (1.35 + (0.02 * Its» * (Vt ~'0.8)! «(D f * I ()()O) "0.2) 

Ucal == 1/ « I I ShcllCocfticicnt) + (1/ hod) + «DO * Log(DO /0 I) / (2 * Kw» + (DO I 
o I) * (I / hod) + (DO / D I) * (I I hi» 

If(U;\SS - Ueal) <:::: 10 Then 
'Calculate new area 

At == (QV * 0.00 I) I (Ueal * Tm) 

'Calculate flew Nt 
OkfNt == Nt 
Nt = At ! SA 
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'Calclllal'.:: nc\\ Yl 
Yt = Yt * (OldNt / Nt) 

UASS =:; lJcal 
End If 
Select Case l/cadComho 

Case "Pull-through Floating llead": 
C = 85.976364 + (9.6363().f * BlIndkDiamdcr) 

Case "Split-ring Floating I lead": 
C = 44.793939 + (.27.393939 * BundleDiamcler) 

Casc "Outside packed I lead": 
C = JR 

Case "Fixed amll J-lLlhe I lead": 
C = 8.192857 + (O.071..t29 * l3ulldlcDiall1cter) 

Case Else 
Msgl30x "No Exchanger I lead Selected" 

End Select 
sid = 1311ndlcDiaillcter + (C / 1(00) 

Exit Sub 
L I: Msgl30x "Onc or more parameters missing. " &. vber!.!" & "Click OK to continuc.", 
vbOKOnly + vbCritical + \blJcfaliltBlItlon I 

End Sub 

Public Sub IllnuShellSideCodlicient ClickO 

'Collect Input parameters hy calling a procedure 
Co IlcctParall1ctcrs 
'Call Ft.At.Others 
Call FT AT 

'Surface Area Of one tube 
SA = DO * 3.142 * L 

Tss"'" (Tv + Tv I) / 2 

Tts = (Tc I +- Tc) / 2 

Tw = Tss - «(Tss - Tts) * U;\SS) / Uc 
Debug.Print uc 

Tl1lc = (Tss + Tw) / 2 
Call Pitch;\noPasses 
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Call AivI\VFUNCTION 

f'vlel1l1ltel11 = I () 
'Cheekr-vlcnultem (tv1cnultem) 
ResliltA rray( Rcsu ItCounter) = Prin ll{esu ItloF i Ie( (i\lcl111llem)) 
RcsullCountcr = ResultCOlll1h:r l- I 
ReDim Preserve ResuItArray(ResultCounter) 

End Sub 
Sub AtvIWHJNCTION() 
Dim (Pc As Double 
Dim 1'.1 As Double 
Dim Aiv! W2 As Double 
011 Error GoTo L 1 

Set db = Workspaees(Oj.OpenDalabase(App.l'ath 8: "\Chemieal Substal1ces.mdb") 
Set qr = db.CreateQueryDef("". "Sek'ct * from IleatCapaeilyOIl-iquid where 
Compoul1dName='" & LiqllidCompolll1dColllbo & ''''') 
Set rs = qr.OpcnReeordsel(dhOpenSnapshol) 

CPc = I's(";\") + rs("B") '" Tl11c + 1'5("(''') '" (lIl1C 1\ 2) 

d1UC"-(O.618* 1.22"'(-1 *(I-((Tl11c+273)/374.14))"'(2/7)))* 1000 
KI = (3.56 * 0.000005 * (Pc * rhoc) / rs("t\lolecularWcight") '" (I! 3) 

Vis = 0.190069+ (-O.()()443()J<)7) '" '111112+ (O.0003()S3')l)2J * ll11c /' 2 I (-().()()()() I OX20(,S) 
* Tmc '" 3 + (0.000000 124() 7(2) '" Tille '" ,4 + (-4.9479171:-1 OJ * Tmc '" 5 

TR = (Tel - Te) 
'Do this ifmethane is selected 

If McthaneChcck. Valuc Theil 
Sct db I = Workspaccs(O).OpenDatabase(App.Palh 8: "\Chel11ical Substances.mdb") 
Sct qrl = db I.CreatcQueryDef(,,". "Select'" from Fl1thalpyOIVapour where 
CompoundNal11e='" 8: 1'vlcthaneChcck.Caption 8: ''''') 
Sct rs I = qr I.OpcnRccordscl(dbOpcnSnapshot) 

Aiv!W =_AMW + rsl("~!olecularWcight") 
COlllltMolcclllar == COllllti\lo\ccular + I 

Llld II' 
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'Do this if Ethane is selected 

If EthaneCheck.Value Then 
Set dhl = \Vorkspaccs(O).OpeI1Dalahase(App.Palh &. "\('hc1l1icnl Substnnu:s.mdb") 
Set qrl = db I.CreateQueryDel("'. "Select'" li'olll EnthalpyOIVapour \\here 
COlllpolindName='" & EthaneCheck.Caption &. ""') 
Set rs I = qr I.OpenRecordset( dbOpenSllapshot) 
ANlW = AMW + rsl("i\llllecular\\"eight") 
COlintivloicclilar = COlilltf'.l11!cclllar·j I 

End If 

'Do this if Propane is selccteu 

I r PropancCheck. Value Then 
Set db 1 = \V orkspaccs(O). Open Database(;\ pp. Path & "\(hem ical Slibstances.mdb") 
Set qr I = db I.CrcateQlll;ryDd'( "". "Select'" from FnlilaipyOIVapollr where 
COlllpOllndNal11e='lO & PropancCheck.Caption & ""') 
Set rsl = qrl.OpcnRecordsel(dbOpenSnapshot) 
AM\\, = AMW + rs I ("MolcclllarWeight") 
Counlivloieclilar = CounlMolecular + I 

End II' 

'Do this if Butane is selected 
If PropaneCheck. Value Then 
Set db I = Workspaces(O).OpenDatahase(App.i'ath 8: "\Chemical Substances.mdb") 
Set qr I :::: db I.CreateQlIerylktr'''. "Select '" fi\)111 LnthalpyOIVapulir where 
CompolindName='" & 1311taneCheck.Caption & ""') 
Set rs I = qr I .OpenRecordset( dbOpenSnapshot) 
AMW = AMW + rsl("MolcclilarWeight") 
CountNlolecular = Count1Ylo1eclllar + I 

End II' 

'Do this if Pentane is seleckd 
IfPentancCheck.Vallie Then 
Set db I = \Vorkspaces(O).()penDatahase(App.Path 8:. "\Chemical Substances.llldb") 
Set qrl = dbl.CrcateQlIcrylkt("". "Select * from LnlhalpyOfVapollr where 
COl11polindNal1lc='" & I'enlane( 'hcc\.;.Caption & ""') 
Set rs I = qr I .Open Recordset( dhOpenSnapshot) 
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AMW == AM\\, + rs I ("~Iokcllbr\\'eighl") 
COllnlivloleclllar == COllnt~l(llcclllar + I 

End II' 

'Do this if I \cxane is selected 
I I' IlcxaneChcck, Value Then 
Set dbl == \Vorkspaccs(O),OpeIlDi\\\\hasc(App,Path 8: "IChcmical Substllnccs,mdb") 
Set qrl == db I.CrealeQllery\)et(" " , "Select * from LllthalpyOIVap0llr \\here 
CompollndName='" & I kxancChcck,Captioll 8.:. ''''') 
Set rsl == qrl,()penRecordsct(dh()peIlSllapshot) 
AMW == AMW -\ rsl("~lokclllarWeighl") 
COllntivlolecular == COlllltiYlo\cclllar + 1 

End If 

AivlW2 == AMW / CountiYlolccular 

'Vapollt' Density I\t 1\/lcul1 Vapolll' '1clllpcratmc(rhtJ\') 

rhoy == «AN\W2 / 22.4) * 173) / (273 -\ Tss) * lR / I 
Th == We / (3600 * L * Nt) 

No == (21 3) * Nr 

ShellCoenicient = 0,1)) * (I(I * (rhoc * (rhoc - rhov) * 9,X I) 1 (Vis*' O,()O I >I: Th)) /\ (I 13) 
*(No)/\(-1/6)) 

Iri >== 6 Then 
i == I 

End [I' 

Ir(ShellCocflicient - myArray(i)) > 150 Then 

Uc == ll1yArray(i -\ I) 

End If 
i == i + 1 

Lxit Sub 
t, \: i\\sgBu.\ "()nc or nHlrc I)arametcrs missing," & \'h('r\,r& "('lick OK to continue,", 

vhOKOilly + vbCritical + \ hDci'aultButlonl 
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End Sub 
Sub PitchAndPasses() 
Dim PikhTypc$ 
Dim NPasscs As Integer 
On Error GnTo I, I 

DO =: Val(OulsiueDiameterTe;.;l) 
Pl = 1.25 * DO 
'Number or Tubes 
Nl=Al/SA 
PitchTypc =: PilchCombo 
NPasscs == Val(Nul11bcrOt1>asscsCol11bo) 

Call CheckPitchTypeAndPasses(i>itchlypc. NPasses) 

13undleDiameter == DO * (Nt I k I) 1\ (I I n I) 

Nr = 13undleDiamctcr / Pt 

Exit Sub 
L I: MsgBox "Onc or more parameters missing. " &. "bCrLl' &. "CliCK OK to <.:ontinuc.". 
vbOKOnly + vbCritical + vbDel'aultButton 1 

End Sub 

Puhl ic Sub IllnuShcl1 Side Pn:ssureDrop _ ('1 ickO 
Dim ('Pc As Double 
Dim KI As Double 
Dim Visv As Single 

On Error GaTa L I 

Kw == 5U 

'Collect Input paramcters by calling a procedure 
CollcctParal1leters 
Pt == 1.25 * DO 
'Call Al.Ft.othcrs 
Call FlAT 

'Call A.SID 
Call SAS!I) 
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'Call AMW 
'Call AMWFUNCllON 

Asl == ((Pt - DO) * sid * sid) / Pt 
(is == (We 136(0) * (1/ Asl) 
de:::: (1.27 / DO) * «Pt/\ 2) - HO.n)) * (DO /\ 2))) 
'Value of Visv 
Visv :::: 0.000008 

Re = ((,s * de) / Vis\' 
I r Re > 100 And Re < 1000 Thcn 

.if'! ::-: O.153<-l()7 - (O.()()097:'2<-lO I * Re) ! (O.O()()(){) 151 (155 * (Rc /, 2))-

0.00000007529138 * (Re" .1) 
Eisel r Re > loon And Re < 10000 Then 

jf! = 0.052667 - (0.00000.1972727 * Re) + (1.9696971:-10 * (Re" 2» 
ElsclfRe> 10000 And Rc < 100000 Then 

.if! == 0.032967 - (0.0000001498485 * Rc) + (2.272731 E-13 * (Re 1\ 2» 
Eisel f Re > 100000 And Rc < 1000000 Then 

jf! == 0.022247 - (0.00000001282424 * Rc) + (5.757922E-15 * (Re /\ 2» 
End If 
Us:::: Gs / rho\' 

Ps == (1/2) * (8 *.irl * (sid / de) * (I,! sid) * «ri1ov * (lIs 1\ 2)) / 2)) 

Menultell1 == 18 
'ChcckMcnu Itel11 Uv1cnllltclll) 
Resu I tA ITa y( Rcsul te ollnter) = Pri n tReslIl tTor: i Ic( ( Mellul tem)) 
ResultCollnter == RcsultCounler + I 
ReDim Preser\'e ResultA ITa y( Result ('ounlcr) 

Exit Sub 
L I: MsgBo'\ "One or more parametcrs missing. " & vbCrU & "Click OK to continuc.", 
vbOKOnly + vbCrilical + vbDelulIltI3l1tton I 

End Sub 

Publ ic Sub Illl1uShcl1 S iucTell1pcrallll'l': _ C I ic k() 

'Collect Input parameters by calling a procedure 

Col IccIParaIlH.:tl'I'S 

Tss = (Tv + Tv I) / 2 

1\ Ie 11 Lit t c 111 =-, (1 

'Checldvlcnllitelll (iY!cl1ultelll) 
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RCSlll tA rra v( R csull COlin ten::: Pri Ilt ResultloJ· i 11:( ( ~kn til ( CIl1 ) ) 

RcslIltCounter:::: ResllltCountcr + I 
ReDim Prcserve ResllltArray(RcsuIICollnlcr) 

End Sub 

Publ ic Sub IllnuSurfaceArcaOllllbe _ Click() 

'Collcct Input parameters by calling a procedure 

CollcctParamcters 

'CoHeet rt,At.Others 

FlAT 

'Surl~lce Area or one tube 
SA ~ DO * 3.1 ~~ * L 

Menultem == 3 
'Chee kf'vl cnul tCIll (M en ult em) 
Resu ItArray( RcsultC oUllter) == PrintRcsultToFi Ic( (1\1cnul!eIll)) 
RcslIltCollnter == ResultColintcr + I 
ReDil11 Prcservc RcsultA rray( RCslIltColinter) 

End Sub 

Public Sub mnuTrialArea_ ClickO 

'Collect Input parameters by calling a procedure 
Call CollectParallletcrs 

Call FlAT 

Menuitcill :::: 2 
'CheckMcnultclll (Menultem) 
i\csu ItA.r!'ay( ResultC ounter) :::: PrintRCsultToFi le( (~:knul tcm» 
RcsultCollllter = ResultCounter + 1 
Re Dim Preserve RcslIltA rray( RcsultCollll!Cr) 

End Sub 
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Sub FTATO 
Dim Ft I As Singic 
Dim Ft2 As Singic 
Dim At I As Single 
Dim At2 As Single 
On Error GaTa L I 

'Calculated Rand S 
R = 0\' - Tv 1 ) / (Te 1 - Te) 
S = (Tel - Te) / (Tv - Te) 

'Logarithmic mean tCl11pcratlfl'l' difTcn':l1cc lll11 

Tim:::: «Tv - Tel) - (Tvl - Te» / Log«Tv - Tel) / (Tvl ole»~ 

'Calculating Ft 
F t I = S q r( R 1\ 2 + I) * Log « I - S)I (l - R * S)) 

Ft2 = (R - I) * Log«2 - S * (R + I - Sqr(R 1\ 2 + I») / (2 - S * (R + I + Sqr(R / 2 + I»» 

Ft == Ftl / Ft2 

'Corrected logarithmic mean temperature d i ITerence 

Tm ::: Tim * Ft 

'Check if a new value exists for At 
If(UASS - Ucal) <:::: 10 Then 
'Calculate new Trial Area 

At:::: (QV * 0.001) / (Ueal * '1'111) 
Else 
, Use old Trial Area 

Atl == QV * 1000 
At2 == UASS * Till 

At = At 1 / At2 
End If 

Exit Sub 

L I: MsgBax "One or more parameters missing. " & \'bCrLf & "Click OK to continue.", 
vbOKOnly + vbCritical + \ hDd~Hdtl3ultolll 
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lnd Sub 

Puhl ic Sub IllnuTubeCrossSect iona 1,\ rca_ C I ick() 
On Error GoTa L I 

'Collect Input parametcrs by calling a proccdurc 

Col1ceti>aramcters 

'Call At,FLOthers 
Call FTAT 

'Surf:1ce Area Of onc tubc 
SA = DO * 3.142 * L 

'Number Of Tubes 
Nt = At / SA 
Ate = 3. 142 / 4 >I< (D I 1\:2) >I< Nt / 4 

tvlenuitem = II 
'ChcekMcllultcm (Mcnul tem) 
ResultA rray( RcsultCountcr) = PrintRcsllltTori lc( (Mcl1ultcl1l) 
RcsultCounter = ResultCountcr + I 
RcDif'll Preservc RcsllltA rray( Rcsult C ountcr) 

Exit Sub 
L I: MsgBox "Onc or morc paramctcrs missing. " 8: "bCrLf & "Click OK to continuc. ", 
"bOKOnly + vbCritical + vbDef~llIltButton I 

End Sub 

Public Sub mnuTubcSideCocflicient ClickO 
Dim CPc As Double 
Dim KI As Double 
Dim PitchType$ 
Dim NPasses As Integer 

On Error Go To L I 

'Collect Input paramctcrs by calling a proccJun: 
C ol1ccti>aramctcrs 
'Call At,Ft.Others 

Call FlAT 
'Surface Area Of one tube 
SA = DO * 3.142>1< L 
Pt = 1.25 * DO 
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'Number Of Tubes 
Nt == At / SA 
PitchType :::: PitchCombo 
NPasses == NumberOIVnssesCombo 

Call CheckPitchTypeAndPasses(PitchType. NPasses) 

l3ul1c.lieDiamcter = DO * (Nt / k I) i\ (I /111) 
Nr = l3undleDial11eter / Pt 

Tss == (Tv + Tv I ) / 2 

Tts == erc I + Tc) / 2 

·1\v == Tss - ((Tss -lts) * UASS) / lk 
Tmc == (Tss + Tw) / 2 

Set db I == \Vorkspaces(O).OpenDatabase(App.Path & "\Chemical Substances.mdb") 
Set qrl == db l.C'reateQueryDef("I. "Select * from IlcatCapacityOIl-iquid where 
CompolindNalllc="' & Liquic.lColllpolilldColllbo & '"") 
Set rs I = qr I.Open Recordset( dbOpenSnapshot) 
rhoc = (0.995 * 1.003 i\ (-I * (I - «Tts + 273) /374.14)) i\ (217))) * 1000 

A tc = 3. 142 / 4 * (D I i\ 2) * Nt / 4 
'Check if Vt has changed 
If (UASS - Ucal) <== 10 Then 
'Calculate new arCG 

At == (QV * 0.00 I) / (Ucal * Tm) 

'CGlculate new Nt 
OldNt = Nt 
Nt == At! SA 

'Calculate new Vt 
Vt == Vt * (OldNt / Nt) 

Else 
'Usc old Vt 

Vt == (CW / rhoc) * I / Ate 
Eno If . 

hi = 4200 * (1.35 + (0.02 * ltsJ) * (Vt i\ 0.8) / «D I * I 0(0) I, 0.2) 
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Menllltem == 13 
'ChcckMcllUItCIl1 (tvlclllil (cm) 
ResuitA r~ay( ResllllColintcr) == Pri ntRcslIllTo F i k( (i\ knllltcl1l)) 
RcsllltColilltcr:::: ResliltCollntcr ! I 
ReDim Preserve ReslIIIAlTay(RcsuItColinter) 

Exit Suh 
L I: rvlsgBox "Onc or morc parameters missing. " & \'hCrU & "('lick OK to continuc.", 
\'bOKOnly + "bCrilical + \'hlJcfauItBultlll1 1 

End Sub 

Public Sub mnuTubeSidePressllI'eDrop _ Click() 
Dim CPc As Double 
Dim KI As Double 
Dim Visv As Single 
On El'l'Or (joTo L I 

Kw:::: 50 
'Collect Input parameters by calling a procedure 
C ollcclParamelers 
PI == 1.25 * DO 
'Call At.Ft.Others 
Call FlAT 

'Call SA.SID 
Call SASIO 

As 1 == ({PI - DO) * sid * sid * 0.000(01) I Pt 
Gs==(Wc/3600)*(I/Asl) 
de == (1.27 I Pt) * «Pt" 2) - «0.785) * (DO" 2))) 
'Value arrhov ' 
Visw = 0,999161 + (-0.00638205) '" Tts + (-0,000466550 I) * (Tts "2) + (0,000011883566) 
* efts" 3) + (-0.0000001118881) '" (Tts" 4) + (3.846154[-10) '" ens" 5) 

rhoc == (0.995 * 1.003" (-I * (I - «Tts + 273) 1374.14)) "(2/7)) * 1 000 
Re=(Vt * rhoc * DI)/(Visw * 0.001) 
If Re > lOA nd Re < 100 Thcn 

jl2 = 16.363334 - ( 1.160773 * Rc) + (O'(l37895 * (Re " 2) - (0.0006170979 * (Re " 3» 
+ (0.000004873543 * (Re "4» - (0.00000001487179 * (Rc" 5» 
ElselfRe> 10000 And Re < 100000 Then 

jf'2 == 0.00501 - (O.OOOO()()0444697 * Re) + (2.1l)()7E-13 * (Rc "2» 
End If 
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rhoc = (0.995 * 1.003" (-I * (I - «Tts + 273) I 374.14)) "(2/ 7)} * 1000 

'Calculate new area 
At = (QV * 1000) I (Ucal * Tm) 

'Calculate new Nt 
OldNt = Nt 
Nt:::: At / SA 

'Calculate new Vt 
Vt = Vt * (OldNt / Nt) 

Pt = 4 * (8 * jf2 * (L / 0 I) + 2.5) * (r~lOc * (Vt " 2» / 2 

Menuitcl11 = 19 
'ChcckMellultem (Menu Item) 
RestlltArray( Result Counter) = PrintRcslllt ToFi Ic( (MCIlUItCI11» 
ResLlltCoLllltcr = RcsultCounlcr + I 
ReDim Preserve RcsultArray(ResliltCounter) 

Exit Sub 
L I: MsgBox "Onc or more parameters missing. " & vbCrLf & "Click OK to continue.", 
vbOKOnly + vbCritical + vbDefaultButtonl 

End Sub 

Publ ic Sub mllu TlIbeSideTempcralure _ CI ickO 

'Collect Input parameters by calling a' procedure 

CollectParameters 
Tts=(Tcl +Tc)/2 

Menuitem = 7 
'ChcckMenultcll1 (Mctlultclll) 
ResllltAlTay( ResultCollntcr) = PrintResllltToFi Ic( (Mcnultel11)) 
ResultCoul1ter = RCsllltCollnter + I 
ReDim Preserve ResliltArray(ResultColll1ter) 

End Sub 

Public Sub lllJ1uTubcYclocity __ ClickO 
Dim CPc As Double 
Dim KI As Double 
On Error GoTo L I 
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'Collect Input parameters by calling a procedure 
CollcctParameters 
'Call At.Ft.Others 
Call FlAT 

'Surface Area or one tube 
SA = DO * 3.142 * L 

'Number Of Tubes 
Nt = At! SA 
Call PitchAndPasses 

Tss = (Tv + Tv I ) / 2 

Tts=(Tcl +Tc)/2 

Tw = Tss - «Tss - Tts) * UASS) / Uc 
Tmc = (Tss + Tw) / 2 

Set db I = Workspaces(O).Open[)atahase(Arp.Path & "\Chemical Substances.mub") 
Set qrl = db I.CreateQllerylJen'"', "Select * lI'om IlcatCapacityOfUquid where 
CompoundName='" & LiquidCompolindCombo & ""') 
Set rs I = qr I.OpenRecordset( dbOpenSnapshot) 
rhoc = (0.993 * 1.003'" (-I * (I - «Tt.s + 273) / 374.14)) '" (2 /7))) * 1000 

Atc=3.142/4*(DI "'1)*Nt/4 
Vt = (CW / rhoc) * I / Atc 

Menultem = 12 
'CheckMel1i.i Item (Menu Item) 
Resu ItArray( ResliltCounter) = PrintResultT oFi le( (Menliltem)) 
ResultCounter = ResultCounter + I 
RelJim Preserve ResultArray(ResultCounter) 

Exit Sub 
L I: Msgl30x "One or more parameters missing. " 8.:. vbCrLf 8.:. "Click OK to continue.", 
vbOKOnly + vbCritical + vhDefaultButtonl 

End Sub 
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Publ ic Sub mnu WallTcmpcraturc _(,I ick( ) 

'Collect Input parameters by calling a procedure 

Collect Parameters 
Tss == (":-.., 1 Tv I) / 2 

Tts == (Tel + Te) / 2 

Tw = Tss - ((T5S - TIs) *U;\SS) / Uc 

Menultem = 8 
'CheckMenultem (Menultem) 
ResultArray(ResultCounter) == PrintResu ItToFilc«Mel1u!tem)) 
ResultCounter = ResultCounter + I 
ReDim Preserve Result;\rray(RcslIltColintcr) 

End Sub 

Sub CheckPitchType;\ndPasses(PitchType ;\s String. NumherOll'asscs As Integer) 
'On Error Go To L I 

Select Case Pitch Type 
Case "Triangular Pitch": 

Select Case NUlllberOll'asses 
Case I: kl = 0.319 

nl=2.142 
Case 2: k I = 0.249 

- n I := 2.207 
Case 4: k I = 0.175 

n I = 2.285 
Case 6: k I = 0.0743 

11 I = 2.499 
Case 8: k I = 0.0365 

11 I = 2.675 
Case Else 

Msg130x "Number or Passes NOT specified For Pitch Type" 
End Select 

Case "Square Pitch": 
Select Case NUlllberOf1>asses 

Cnsc I: k I == 0.215 
nl =2.207 
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Case 2: kl =0.156 
n 1= 2.291 

Case 4: kl = 0.158 
n I = 2.263 

Case 6: k I = 0.0402 
n I = 2.617 

Case 8: k I = 0.0331 
nl == 2.643 

Case Else 
MsgI30x "Number or Passes NOT specilieu For Pitch Type" 

Enu Select 

Case Else 
MsgI30x "Pitch Type NOT selected" 

End Select 

'Exit Sub 
'L I: MsgI30x "One or more parameters missing. " & vbCrLf & "Click 01>- to continue.", 
vbOKOnly + vbCritical + vbDcfaliltBlittonl 

Enu Sub 

Private Sub OperatingPresslireText_KcyPres~;(Keyl\scii I\s Integer) 
Select Case Keyl\scii 

Case As~("O") To I\sc("9") 
Case Asc("."): 
If InStr(OperatingPressureText, ".") <> 0 Then 
KeyAscii = 0 
Beep· 
MsgBox "Only Integer or Decimal Number is allowed" 

End If 

Case 8: 
Case Else 

KcyAscii = 0 
Beep 
MsgBox "Invalid Character input" 

End Select 

End Sub 
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Private Sub OutletTel11pOrCoolantText_KcyPrcss(Keyl\scii I\s Integer) 
Select Case Keyl\scii 

Case 1\5C("0") To I\sc("9") 
Case Asc(" ."): 
If InStr(Out IctTcl11pO rCooluntTc"l. ".") <> () Thcn 
KcyAscii = 0 
Beep 
MsgBox "Only Integcr or Dccimal Number is allowcd" 

End If 

Case 8: 
Casc Else 

KeyAscii = 0 
Beep 
MsgBox "Invalid Charactcr input" 

End Sclect 

End Sub 

Private Sub OutletTempOIWatcrText_KeyPrcss(KeyAscii As Integer) 
Sclect Case KeyAscii 

Case I\sc("O") To Asc("9") 
Case Asc("."): 
If InStr(OutlctTcmpOfWatcrText. ".") <> 0 Thcn 
KcyAscii = 0 
Beep 
MsgBox "Only Intcgcr or Dccimal Numbcr is allowed" 

End If 

Case 8: 
Case Elsc 

KcyAscii = 0 
Beep 
MsgBox "Invalid Character input" 

End Select 

End Sub 
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Private Sub OutsideDiameterText_ Keyi>ress( Key I\sci i I\s Integer) 
Select Case Keyl\scii 

Case I\sc("O") To I\sc("9") 
Case Asc("."): 
I fIn Str( OutsideDiameterText. ".") <> () Then 
Keyl\scii = 0 
Beep 
MsgBox "Only Integer or Decimal Number is alhmcd" 

End If 

Case 8: 
Case Else 

Keyl\scii = 0 
Beep 
MsgBox "Invalid Character input" 

End Select 

End Sub 

Private Sub PitchColllbo _ CI ick() 
N umberQIVassesCombo. Enabled = True 

End Sub 

Private Sub Prinl_ ClickO 
Illl1uPril1t Click 

End Sub 

Private Sub TemperatureText_KeyPrcss(KeyAscii I\s Integer) 
Select Case Keyl\scii 

Case I\sc("O") To I\sc("9") 
Case I\sc("."): 
IflnStr(TelllperatureText. ".") <> 0 Then 
Keyl\scii = 0 
Beep 
MsgBoll. "Unly Integer or Decimal Number is allo\\ed" 

End If 
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Case X: 
Case Else 

KeyAscii = 0 
Beep 
MsgBox "Invalid Character input" 

End Select 

End Sub 

Private Sub Toolbarl_ButtonClicK(ByVal Button ;\s ComctILib.Button) 
Select Case Buttoll.Kcy 

Case "New": mlluNew CliCK 
Case "Opcn": IllnuOpcn_ CliCK 
Case "Save": I11nuSave CliCK 
Case "Print": I11nuPrint CliCK 

End Select 
End Sub 

Private Sub TubeLcnghtTcxt_KeyPrcss(Key;\scii ;\s Integer) 
Select Case KeyAscii 

Casc Asc("O") To Asc("9") 
Case Asc("."): 
IflnStr(TubcLenghtText. ".") <> 0 Then 
KeyAscii = 0 
l3cep 
MsgBox "Only Integer or Decimal Numbcr is allowed" 

End If 

Case 8: 
Case Else 

KeyAscii = 0 
Deep 
MsgI30x "Invalid Character input" 

End Select 

End Sub 
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RESUL TFORl\l CODE(Displays the output} 

:~riqtc Sub Command I Clil:k() 
Unload Me 
End Sub 

rubl ic Sub Command2 _ C lickO 

End Sub 

Public Sub DisplayReslIlts_ClickO 
Main Forlll.mnliCoolingW aterFlo\\'_ ('I ick 

Main r OI"m.ll1nuTrialA rea Click 
Main F orm.l1lnuSurfaceAreaOfTlIbe Click 
Main Form.mnuNlImberOfhtbes Click 
Main F Orl11.lllllll NUlllberO rrllbcs InCcll trcRow CI ick 
Main Fonn.mnliShellSideTemperature _ CI ick 
Maill F Ol"Ill.llllluTlIbcS ideT CIll pC rat lII"C _ Click 
Main Form.mnu \VallTemperature Click 
Main Forlll.mnliMeanTemperatureCondensate: _ CI ick 
MainF orln.mnliShell S ideC oefficient CI ic k 
Main Form.mnuTubcCrossSect ionalA rca Click 
Main Forlll.l1lnllTllbc Vc!ocity_ Click 
Main Form.mnllTllbeSidcCocf"ticicl1t ('I ick 
Main Forl1l.mnOvcrallCocfficicnt ('lick 
Ma in Forl1l.mnllShclll ntcrnal Diamctcr CI ick 
MainForm.mnuCrossflowArea Click 
ivlain Form .mnu Eqll i valentDiallletcl"_ Click 
Main Forl11.mnuShcllS idePrcssure[)rop _ Click 
Main F orm.l1lnuT 1I beS ide PresslireDrop _ CI ick 

Print "Cooling Water FI()\\( Kg/s)=" & " " & Str(CW) 

Print" " 

Print "Trial Area(11l2)=" 8:. " " & Str(At) 

Prillt " " 

Print "Surt~lce Area One TlIbc(m2)=" & " " 8:. Slr(SA) 
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Adapted from Rechardson and Coulson Vol. 6 
APPENDIX B 
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Adapted from Rechardson and Coulson Vol. 6 
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Adapted from Rechardson and Coulson Vol. 6 
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