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ى من استنجد بھم عند الضرر واخیرھم على جمیع الخلق والبشر اھدي جھدي ھذا ال

واقتدي بھم في كل عسر محمد المصطفى خیر البشر وفاطمة الزھراء واال ثنى 

  عشر 

  (علیھ السالم )قالع خیبر وشبلیھ المسموم وذي المنحر علي بن ابي طالب 

والى سجاد ال محمد(علیھ السالم ) المطھر والى ابنھ محمد الباقر والى الصادق 

  (علیة السالم)جعفر 

  والى موسى الكاظم (علیھ السالم )الموقر 

  والى غریب طوس الشامخ المزھر

  والى جواد ھذه االمة والى ھادیھا والى العسكري 

والى صاحب االمر االمام المھدي المنتظر اللھم عجل لھ الفرج وسھل لھ المخرج 

  واجعلنا من انصاره واعوانھ والمستشھدین بین یدیھ 

  والى والدي الذي كان رفیقا وسندا لي في مسیرة حیاتي 

  والى كل من ساھم في انجاز عملنا 

 ولي التوفیق وهللا 
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1.1 Introduction  

Vegetable oil is oil extracted from natural plant origins such as sesame 

oil, olive oil, sunflower oil, corn  oil and other oils. It is a liquid that is 

less dense than water and does not mix with it often without the addition 

of intermediates, most of which are chemical. It is also a tripartite fatty 

acids and glycerol, called triglycerides, which are produced by an 

interaction between glycerol and three similar or similar fatty acids[1]  

Types of vegetable oil 1.2  

Constant oils are usually a large percentage that can be extracted from 

plant seeds and are 30-40% and are often used in nutrition, containing 

vitamins, minerals salts and carbohydrate materials, mainly olive oil, 

sesame oil, flaxseed oil, palm oil, coconut oil and almond oil. , Soybeans, 

and other fixed oils[2].  

Pilot oils are usually very small, not exceeding 2-3%. They are light in 

volatile form and are usually used in perfumes and treatments. They 

contain chemicals such as turbines, phenols, lactolates and aldehydes. 

Such as thyme oil, jasmine oil, carvine oil  

Physical properties of vegetable oils. 1.3  

I- ts density is about 0.8 g / cm3 less than the water density of this 

floating on the surface[3].  

Its melting points are relatively low..2-  

3-To dissolve in water but dissolve in organic solvents such as ether, 

chloroform and benzene.  

4-Reduce friction between two surfaces.                 
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Chemical properties  1.4  

Its interactions are divided into two parts 

 Interactions related to esters in triglycerides  

 Hydrolysés Degradation during digestion by enzymes to fatty acids 

and glycerol[4]. 

Implications 

 It is the process of converting oil or fat into soap, which is sodium salt 

or potash of fatty acid The process of saponization is done by strong 

bases such as KOH, NaOH on oil or fat producing soap and glycerol 

 Interactions related to double bonds in fatty acids 

  Hydrogenation of oil  1.1.4  

Is the addition of hydrogen atoms to liquid oils that contain unsaturated 

fatty acids to solid fats, partially hydrogenated, with a catalyst such as 

nickel to convert them[5-6]  

Hydrogenation – to treat with hydrogen – is a chemical reaction between 

molecular hydrogen (H2) and another compound or element, usually in 

the presence of a catalyst such as nickel, palladium or platinum. The 

process is commonly employed to reduce or saturate organic compounds. 

Hydrogenation typically constitutes the addition of pairs of hydrogen 

atoms to a molecule, often an alkene. Catalysts are required for the 

reaction to be usable; non-catalytic hydrogenation takes place only at 

very high temperatures. Hydrogenation reduces double and triple bonds 

in hydrocarbons  

  

Oil Shake  1.2.4  

It is a chemical change that changes the color, smell and taste of oils or 

fats  

Reasons  1.3.4  

The process of oxidation due to exposure to air, humidity and high 

temperature produces aldehydes, ketones and peroxides.  



   

The process of bacterial decomposition where the bacteria secrete the 

enzymes that decompose oils and fats  

To short-chain fatty acids and volatiles 

  Flaxseed oil  1.5  

an oil used in food , extracted from flaxseed , using linseed oil in 

cooking, pharmacy and medicine . Flaxseed oil is widely used as a health 

food rich in beneficial fats and vitamins. The correct method of handling 

is to soak the flaxseeds in boiled water for six to seven hours and then 

drink the soaked.[7]  

Flaxseed oil (also known as linseed oil) is derived from the extremely 

nutritious and disease-preventing flaxseed. Similar to the seed, flaxseed 

oil is loaded with healthy omega-3s, fatty acids that have been associated 

with healthier brains and hearts, better moods, decreased inflammation, 

and healthier skin and hair. With its nutty, slightly sweet flavor, a 

tablespoon of flaxseed oil is thankfully not one of those health foods 

that’s a torturous addition to your daily routine, which is great news given 

all the flaxseed oil benefits to your health.  

Flaxseed oil contains 50 percent to 60 percent omega-3 fatty acids in the 
form of alpha-linolenic acid (ALA). With even more anti-inflammatory 
and disease-preventing ALA than fish oil, many people opt for flaxseed 
oil benefits over fish oil benefits, especially people who don’t eat 
meat and people concerned about the possible mercury lurking in some 
fish oils[8]. 

Omega-3 fatty acids play important roles in all sorts of bodily processes, 

including inflammation, heart health and brain function. Being deficient 

in omega-3s is associated with lower intelligence, depression, heart 

disease, arthritis, cancer and many other health problems  

  

 

  

 

 



   

 

 lBenefits of flaxes seed oil 1.6  

1-Helps the body to get rid of harmful fats ( lipoprotein ) because it 

contains omega, which increases the proportion of fat beneficial to the 

body and reduce the level of harmful fats[9].  

Anti-inflammatory cough and his analgesic.2- 

Antiseptic and tonic for inflamed tissues.-3 

It dissolves cholesterol and triglycerides and is useful for obesity.4-  

Treats liver congestion and constipation.5- 

Removes laxatives and grease.6- 

7-Useful for abdominal massage 

  

Fig.(1.1):flaxes seed used huile de lin  

  



   

  

  extract fixed vegetable oils 1.7 

different ways extracting oils from plants different geographical locations 

 in terms development and also in term sclimategeo graphical nature that 

takes place in A process  extraction[10-11].  

In countries such as India and Pakistan, oil is produced by age Which are 

done in two different ways and are given two asymmetric types of oil for 

the same seed In both ways, the seeds are equipped with a good selection 

and warmed slightly to get rid of moisture from the storage and to release 

the oil particles collected inside the seed to facilitate the exit during the 

process of the times  

 1.8 Methods of extraction of fixed vegetable oils  

Methods of extraction of fixed vegetable oil 

First: the method of the cold era  

Second: the method of the era on the hot 

Third: Method of extraction by heating 

Fourth: Industrial methods for extracting oil 

 1.8.1 cold pressed oils   

)Either by using hydraulic pistons or managed cylinders (  

The oils produced in this way are first class oils and are expensive and 

have a high demand for their high health value, which are used in many 

important industries,including therapeutic and cosmetic and other 

industrial purposes[12].  

These countries export the hot oil of the era and extracted in ways to third 

world countries because of the absence of international quality standards 

1.8.2 hot pressed oils  

These oils are chemically squeezed using pistons run either manually or 

mechanically using motors. In this way, the temperature of the seed and 

oil extracted to high temperatures is lost by many of their natural 



   

properties and their health effects from their content. This is to break 

down the group of vitamins that dissolve in fat, D - E - K), which are very 

important vitamins of the human body easily absorbed by the body.  

This type of oil is cheap compared to cold oil and often used in the food 

industry is important in terms of use and not in terms of interest - an 

example of those oils is palm oil.[13]  

 1.8.3 Method of extraction by heating or boiling with water  

This method is done in a limited number of seeds. The process is done 

using simple hand tools to crack and break the seeds and then put them in 

large metal containers and immersed in water and then left to boil the 

mixed ingredients on fire for very long periods. The oil is released from 

the seeds and floats above the surface of the water Mixed with oil and 

liquidated and marketed and evaporation of water by evaporation oil 

remains. This method is very low cost and the percentage of loss of food 

value is high. 

 1.8.4  Methods of extraction of industrial oil  

In the industry used means vary slightly as it required huge amounts of 

food oils such as corn, sunflower and cotton  

This method may be a combination of more than one method within a 

single plant, along with chemical extraction methods using solvents for 

fat and then re-extracted from chemical treatment cores  

Extraction of essential oils : -  

The type of plant is the one that determines the method of extracting 

essential oil from it. There is only one exception which has a high cost 

and is considered outside the economic extraction processes  

- This method is the method of extraction using carbon dioxide.  

And the failure to use the appropriate means and materials to extract 

correctly, this leads to the destruction of the active content of 

aromatic oils and negative impact on the specifications of oil through 

the properties and chemical composition of essential oils and lose value 

[14].  



   

  

Extraction methods 1.9  

 1-extraction by distillation method  

 2-extraction by expulsion  

  3- Solvent extraction  

 1.9.1 Extraction by distillation  

The steam releases the plant cells and releases the oil from their bags 

inside the plant cells. The steam rises mixed with oil steam, passes 

through a spiral tube under cooling (condensate), and condenses. The 

steam is transformed into a liquid containing oil and water. It is poured 

into the cutter designed to allow the separation of both light oil and heavy 

oil from water. The essential oil is dried using water-soluble materials 

such as anhydrous sodium sulphate. By ether and then disposed of  

Care must be taken to control the temperature and time required for 

exposure to the thermal source to match the temperature with the type of 

oil being drawn so as not to destroy its active components [15].  

Drip extraction methods 1- 

Direct evaporation distillation 2- 

Water vapor distillation 3- 

Distillation with watering 4- 

Evaporative distillation    5- 

Using this method, the material to be extracted from the oil is completely 

immersed in a pot and the temperature of the pan is increased to the 

boiling point of the water  

The process of distillation and separation of water is under pressure to 

reduce the temperature at which the evaporation and condensation 

process is less than 100 ° C in order to maintain the quality of the 

extracted materials (the water in the extraction vessel will be a buffer of 

overheating)(  



   

After cooling the condensed material, the oil is separated from the rest of 

the ingredients and used  

The water produced by the process of evaporation and condensation after 

extraction of aromatic oil is called sweet water or is known as perfume 

water or flower water and an example of lavender fragrance and orange 

water.  

 .Distillation with water vapor  1.9.2 

The material to be extracted is placed in special containers and the water 

vapor (hot up to 100 ° C and under pressure greater than air pressure) is 

compressed tightly into the vessels  

Water vapor activates, stimulates and releases aromatic particles from the 

extraction materials - and those aromatic molecules are mixed with water 

vapor  

Water vapor used in this process must be controlled temperature so as not 

to be affected by plants and damage or destroy the aromatic particles 

stored inside  

Water vapor saturated with essential oil is propelled into a cooling device 

to condense the water and separate it later  

 . 1.9.3-Distillation with watering  

Using hot water vapor under pressure but in this process the steam is 

pumped into the extraction vessels from above and not from the bottom 

as the rest of the steam extraction methods  

In this method, the material to be extracted from the bottom of the 

extraction vessels, the amount of water vapor used is less than the 

previous methods, the extraction time is less, the quality, the density and 

the extracted oil value are higher than the previous methods[15].  

Other methods of distillation extraction   1.9.4 

Extraction by mixing and homogenization 

Extraction by distillation or double distillation 

Water and steam extraction  



   

Partial extraction  sequential stages  

Extraction by mixing and    1.9.5 

Extraction process is done in two stages  

One of the important aromatic oils (phenyl-ethyl-alcohols) is extracted 

using the water distillation method mentioned previously - dissolved in 

distilled water and not part of the aromatic oil extracted in that way and 

thus its specifications are not at the level that makes it useful for different 

purposes -  

Therefore, the process of distillation of rose water resulting from the 

process of distillation first to extract and intensify the material (vinyl - 

ethyl - Alkhali) and then re-added to the rose oil aromatic extracted from 

the first stage to obtain the rose oil perfumed completed .Extraction by 

distillation / double distillation[16].  

In the case of any kind of impurities in the extracted essential oils, it can 

be purified by distillation at a certain temperature. This method is used to 

extract oils of high standard specifications  

Water and steam extraction   1.9.6  

Using this method, the two methods are mixed together by placing the 

material to extract the aromatic oil in the heating vessels, submerging it in 

water and raising the temperature of the vessels to boiling with another 

source of extraction, hot water vapor  

This method is used to extract essential oils for non-therapeutic 

commercial purposes. Extraction by friction  

  

 1.9.7 Partial extraction / sequential stages / sequential 

extraction   

In this method the aromatic oil is extracted in small quantities and in 

successive and repeated stages of the same method   



   

The extraction process continues unceasingly with the addition of the 

desired materials in extracting its aromatic oils, so as to be able to prepare 

the desired quantity of essential oil  

 1.10 extraction by expulsion  

Is a method of extraction using cold pressure and by extracting most of 

the essential oils of citrus   

This method as it does not require heat is applied in a cold-pressed 

method in hydraulic presses under high pressure. High quality aromatic 

oils are given but some factories when refining these oils and products of 

the times use chemical compounds or heat  

This method has several means in their application including  

Cold sponge extraction 

Extraction by peeling and condensation 

Extraction by mechanical peelin 

1.11Solvent extraction  

There are various solvents for the extraction of essential oils from dried 

plants and herbs (low content of volatile aromatic oils) and various plant 

parts, including chemical solvents such as hexane  

Using solvents in the extraction process, components other than aromatic 

oils such as wax and dyes are extracted and then separated from the 

extraction products and each element on the surface through the use of 

different separation methods.[17]  

  1.12Using solvents the following methods can be reviewed  

Extraction method of immersion in oi 1- 

2-Extraction in the manner of fat saturation 

3-Extraction using chemical solvents  

4-Extraction using active carbon dioxide. 

 



   

Extraction method of immersion in oil  1.13 

In this method the aromatic flowers are flooded with hot vegetable oil. 

The preservative cells of the aromatic oils are torn and the hot oil absorbs 

the aromatic oil. Then the vegetable oil is removed from impurities and 

stored in the container  

Extraction in the way of fat saturation 1.14   

In this way, the flowers are collected fresh and removed and then dipped 

the leaves for several days in oil or vegetable or animal fat (very pure and 

has no smell) until the oil is saturated with aromatic oil of floral leaves   

The old flower leaves are removed and replaced with new ones. The same 

steps are repeated until the fat is saturated with aromatic oil and the fat 

saturated with the aromatic oil is dissolved in the alcohol to separate the 

fat from the essential oil that is being refilled and filled  

Fat is often used after separation in the facial soap industry and other 

industries[18].  

This method takes time and is very expensive which is used in extracting 

jasmine  

 

 

 

 

 

 

 

 

 

 



   

 

 

 

2.1-Expermintal part:  

Flaxes seed oil can be produced in laboratory by extraction process and 
by using socselt devise figure (2-1). 

 

 

  

Fig. (2-1) :SOCSELT DIVICE  

 

These process involve five steps, which are  

1-Clearing flaxes seed  from dust and solid particles, drying by putting 

the seeds in drying furnace and heating to 100°C for dehumidify  

 2-five samples Of flaxes  seeds used with same quantity (25gm) and each 

sample extract for period of time by using (Ethanol, Methanol ) solvent or 
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any  other organic solvent to obtain multiple results of oil  and compare 

between them for choosing the best adverbs for production as show in 

table [2-1]      

Table (2-1) results of laboratory experiments  

Amount of oil  Time (houre)   
  
Solvent(ml
)  

Types of 
solvent 

  
Flaxes 
seed      
    

7 4 200  methanol 25  

6.93 6 200 methanol 25 

6.28 8 200 methanol 25 

3 4 200 ethanol 25 

2.85 6 200 ethanol 25 

 

3-Extraction step flowed by separation step which is completed by using 

liquid evaporator, the principle of devise work depends on boiling point 

temperature ,where the solvent evaporated from oil by heating the 

mixture in water bath and then condensate through condenser  collected 

with the devise as shown in figure [2-2]  



   

  

Fig. (2-2) :evaporator device 

 4- From results can observe that highest oil yield is obtain in first period 

of time since the solvent extract the largest amount of oil in seeds.when 

heat solvent for more time decreased yield of oil  

2.2 describe devices used in experiment   

2.2.1soxlet device    

is a laboratory invented by Franz von Sukselt in 1879 .  The device was 

originally designed to extract lysids from solids, but suclets are not 

limited to lipid extraction. SOXLET is usually only required when the 

desired compound is soluble in solvent and insoluble impurities in this 

solvent. If the desired compound has a high solubility in the solvent then 

the simple filtration of the separation of the compound from the insoluble 

materials can be used. 

Extraction of fruits. The sample is placed in the tube. 

The solids containing the desired compound shall be placed in a tube 
made of thick filter paper which is placed in the main chamber of the 
sucselt. The socketlet is installed in a flask with solvent solvent. Then the 

condenser is installed. 

The solvent is heated to dissolve. The solvent vapor travels in a 
distillation arm, then flows into the chamber containing the solids to be 



   

extracted from. The condenser ensures that any vapor is vaporized to the 
solvent as it distills onto the chamber containing the solvent. 

The chamber containing the solvent is slowly filled with warm 
solvent. This will make some desired material melt in the warm 
solvent. When the succulent chamber is almost filled, the room is 
automatically discharged by a sidewall arm and the solvent is returned to 
the distillation tube. This session may be repeated several times, leaving 
hours or days. 

During each cycle, part of the non-aerated compound dissolves in the 
solvent. After several cycles, the compound is concentrated in the 
distillation flask. The advantage of this system is that instead of passing 
several parts of the solvent warm through the sample, a fixed amount of 
recycled solvent is used. 

The solvent is removed after extraction, usually using a rotary 
evaporator where the extracted compound is given. The insoluble part of 
the solid remains in the tube and is usually disposed of. 

2.2.2 Rotary evaporator device. 

circulatory evaporator :device used in chemistry laboratories to remove 
solvents from samples efficiently and gently by evaporation. When the 
rotary evaporator is mentioned in the literature of research chemistry, the 
description of the use of this technique and its equipment may include the 
use of the term "rotary evaporator", but is often described in another way 
(eg, "the sample is under low pressure")[17]. 

He invented the first simple rotary evaporation system by Lehman 
Craig.  was first commercialized by the Swiss company Bochi in 
1957,  and patented in 1964.  The Bochchi Rotavapor is still the most 
widely used rotary evaporator until the word "rotavap" has become 
synonymous with these devices. Rotary is also Heidolph, Yamato, IKA, 
Stuart, EYELA and INGOS. The most common forms are higher-bunch 
units, and forms of expanded use are available and used in experimental 
units in commercial chemical industry processes[18]. 

 

  

  



   

  

  

  

  

  

  

  

  

  

  

Fig.(3-1): process flow sheet 
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3.1 material balance in lab   

Amount of wet flaxes seed =27g 

Amount of dry flaxes seed =25g 

Volume of solvent=200ml of methanol 

Moisture percent =2/27=0.07  

Moisture content=2 

Density of methanol =790kg/m3  

This calculations based on the results that obtained in laboratory.  

And on the role INPUT+GEN. =OUTPUT+ CONS. 

  

first  

  

  

  

  

  

 

 

 

 

 

Material balance 

first 

DRYING 
Wet seed =27g Dry seed=25g 

Moisture=2g 

second 



   

 

  

    

  

  

  

  

    

  

  

  

  

  

  

  

  

)plant material balance (scale up  3.2  

Basis(1hr)  

extractor 

Methanol=158g 

18g 

165g mixture 
Dry seed =25g 

third 

evaporator 

165gm 7g oil 

156.42gm  solvent 



   

Drying  

Input= out put  

Wet flaxes seed=dry flaxes seed +moisture 

2700kg=2511kg+189kg 

Extractor 

input =out put 

dry seed+methanol=cake+mixture 

2511kg+15800kg=11552.16kg+6758.844kg 

Filter 

Input=out put 

Cake=dry cake+mixture 

6758.844kg=1807.92+4950.92kg 

Heat exchanger 

Input=output 

4950.92kg+11552.16kg=16503.08kg 

Evaporator 

Input=output 



   

Dryer  

Tin =25°C =298°K                 Mt=3000 Kg.          Cpw=4.19 KJ/Kg.°K.  

Tr =25°C=298°K                    Xseed=0.93            Cps=1.027 KJ/Kg. 

°K.  

Tout =75°C=348k            Xw=0.07                  ¥=2260 KJ/Kg  

Cp solvent=2.14KJ/KG.K  

Cp= ∑�� =0.93*1.027+0.07*4.19=1.25 KJ/Kg. °K.  

Q=m.Cp.  T +m. ¥ +m.Cp.   T  

2700*1.25*(298-298)+189*2260+2511*1.027*(348-298) 

=556079.85KJ 

Extractor 

Qjacket=Hin –Hout.  

Q jacket =H (523°K) –H (473°K)  

=1555925 KJ/Kg -1359875 KJ/Kg 

=196050 KJ/Kg  

Mt =18311(from material balance)  

Xoil=703.08/18311=0.038  

Xsolvent=15800/18311=0.86 

Xcake=1807.92/18311=0.098 

∑�� =0.86*2.14+0.098*1.027+0.038*1.027=1.99KJ/Kg.°K.  

Hin=0 

CHAPTER FOUR 



   

H out=mt.Cpt.   T 

=18311*1.99*(348-298) 

=1821944.5KJ 

Qmixtur=hout-hin=1821944.5-0=1821944.5Kj 

Msteam=QMIX/QJACK 

=1821944.5/196050 

=9.3kg  

Evaporator:  

Mt=16503.08Kg (from material balance) 

Xoil=2757.08/16503.08=0.16 

Xsolvent=13746/16503.08=0.84  

∑��=0.84*2.14+0.16*1.027=1.962  

H in=0  

H out=16503.08*1.962*(348-298) 

=1618952.15kj 

Q=H out-H in 

Q=1618952.15-0 

=1618952.15kj 

Stripping Column: 

Mt=2757.08 Kg     (from material balance)  

Xoil=703.08/2757.08=0.25  

Xsolvent=2054/2757.08=0.75  

∑��=0.25*1.027+0.75*2.14  

=1.862  

Hin=0  



   

H out=2757.08*1.862*50=256684.15kj  

Q=H out –H in  

=256684.15Kj 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

  

  

  

  

 

  



   

 

 

Equipment Design 

 5.1- Evaporator Design  

Flash (or partial) evaporation is the partial vapor that occurs when 
a saturated liquid stream undergoes a reduction in pressure by passing 
through a throttling valve or other throttling device. This process is one of 
the simplest unit operations. If the throttling valve or device is located at 
the entry into a pressure vessel so that the flash evaporation occurs within 
the vessel, then the vessel is often referred to as a flash drum. If the 
saturated liquid is a single-component liquid (for example, 
liquid propane or liquid ammonia), a part of the liquid immediately 
"flashes" into vapor. Both the vapor and the residual liquid are cooled to 
the saturation temperature of the liquid at the reduced pressure. This is 
often referred to as "auto-refrigeration" and is the basis of most 
conventional vapor compression refrigeration systems. If the saturated 
liquid is a multi-component liquid (for example a mixture 
of propane, isobutene and normal butane) the flashed vapor is richer in 
the more volatile components than is the remaining liquid. Uncontrolled 
flash evaporation can result in a boiling liquid expanding vapor explosion 
(BLEVE). 

  
Assume flow rate =680Kmol/hr 

                               =1500 Ib/hr. 

�
��  =0.90 

The average liquid molecular weight: 

����=�� ���+����� 

           =0.25*32+0.75*280 

           =218Kg/Kmol. 

Assume ideal mixture: 

The specific 

 

CHAPTER Five 



   

 

 

 

     =0.25*32/790 + 0.75*280/942 

=0.233 
��

�� .����
 . 

 

The liquid density =��=
� ��

��
 = 

���

�.���
 =935.62

��

� �
.  

The average molecular weight of vapor: 

� ��� =��  � �� +��� �� 

          =0.98*32+0.02*280 

          =36.7Kg/Kmol.  

The vapor density =�� =
�.� ���

�.�
 

=101.3*36.7/8.314(65+273)  =1.323 Kg/� �.  

Basis = 1 hr. 

F =680 Kg.  

 

  

  

0.90*680=612kmol  

  

�� =V.����  

�� =��  ��  +��  �� 

     =��
� ��

��
 + ��

� ���

��
 

V= (� �� ) *F 

���  =
� �

� �
 �

��	

��
 



   

  

=612*36.7 

=22460.4kg/hr  

 

 

=680-612=68kmol/hr 

�� = (Ll). ( ����) 

=68*218  

14824kg 

FIV= 14824/22460.4 * 

��.���/���.�� 

=0.025  

  

  

  

L=F-V 

  0.153  =k drum  



   

  

����� =0.153*�
���.����.���

�.���
  

  

=4.1m/sec  

� ���� :is an empirical constant that depends on the type of drum. For 

vertical drums the value has been correlated graphically by Watkins 

(1967) for 85% of flood with no demister. The resulting value for 

� ����  typically ranges from 0.1 to 0.35.  

�����  : is the maximum permissible vapor velocity in feet per second 

at the maximum cross sectional area.  

Solving for the cross-sectional area:  

��=
�.		����

	����� ���� 	��
 

=
��� ��.�

�.� ���� �.���
 =1.15 � � 

For a vertical drum, diameter D is: 

 

D=�
� �.��

�
 =1.5m 

D=4.5ft =1.37m.  For safety take 

standard designs, O.D of feed line According to 

is at minimum =����.  

The height of the drum above the centerline of the feed nozzle,	��, 

should be 36 in. plus one-half the diameter of the feed line.  

��=����+0.5(�.���������) 

=����+0.5(48) =����  =1.5m  

 

D=�
�	��

�
 

 



   

The height of the center of the feed line above the maximum level of 

the liquid pool, ��, should be 12 in. plus one-half the diameter of the 

feed line.  

��=����+0.5(�.���������) 

=����=0.9144m.  

The depth of the liquid pool,	��' can be determined from the desired 

surge volume, V surge'.  

Assume ����� =5m/sec. 

��=
�����

(
�

�
)��

  =
�

�
�

�
� (�.��)�

 =3.39m. 

 

������=��+��+�� 

=5.8 m. 

The geometry checked, since  

������

�
 =

�.�

�.��
 =4.23.  

Should be between 3 and 5. If h101. /D < 3, a larger liquid surge 

volume should be allowed. If h101. /D > 5, a horizontal flash drum 

should be used.  

 

 

  

5.2-Mechanical Design of Evaporator:  

Design pressure = 1.013 bar = 0.1013  N/mm2 
Design Temp. = 75 °C  
 From table 14-2 Chemical Engineering Design second edition 
Design stress at 75C = 126.4 N/mm2  for stainless steel  

 



   

To calculate thickness by the equation: 

�=
����

�����.���
=0.1013*1.37/2*126.4-1.2*0.1013=0.000055 

 
 

*Weight of evaporator: 
A much thicker wall will be needed at the column base to withstand the 

wind and dead weight loads. As a first trial, divide the column into five 

sections (courses), with the thickness   

increasing by  2 mm per section. Try 10, 12, 14, 16, 18  

  

Table (5-1)properties of design evaporator  

  

  

 

  

Take CV = 1.15, vessel with several fitting, and t=14mm  

Dm = Di + t = 1.37 +  .014 = 1.384 m  

Density average=936.92kg/m3  

1.37 Diameter Dc (m(  

5.6  Height (m) 

Stain less steel (304)  Material of construction  



   

Assume H between tangent line =25m. 

W v=1.15*3.14*936.92*1.384*9.81(5.6+0.8*1.384)*0.014   

=4313.25N  

  

*Weight of insulation: 

Insulation thickness=75mm.  

Mineral wool density = 130 kg/m3 

Approximate volume of insulation = � *1.37* 5.8 * 75 *10�� 

= 1.872 m3 

Weight = Do× g×mineral wool density 

Weight = 1.872 *130 * 9.81 = 2387.657 N 

Double this to allow for fittings, etc. = 4.775 kN.  

Total weight =4.775+42.93=47.705KN.  

*Wind Loading: 

Take dynamic wind pressure as 1280 N/m2.  

Mean diameter, including insulation (Deff) = Di + 2(t +75)10-3 

= 1.37+2(0.014 +0.075) 

=1.548m. 

Loading (per linear metre) Fw =PwDeff 

=1280* 1.548 = 1981.44 N/m. 

Bending moment at bottom tangent line: Mx =	
�� 	���

�
 

Mx=
����.�� (�.�)�

�
 

=33327.82Nm. 



   

 

*Analysis of Stress: 

At bottom tangent line  

Pressure stresses:  

Ϭh =PDi /2t 

=0.1013*1.370mm /2*0.014 =4.956 N/mm2 

ϬL =PDi /4t 

ϬL=0.1013*1.37 mm/ 4*0.014 

ϬL=2.478N/mm.  

*Dead weight stress:  

Ϭw =��/ (  (Di+t)t) 

Ϭw=4313.25/(3.14(1370+14)14)   

=0.0709N/�� � 

*Bending stresses: 

IV=( /64)(Do
4- Di4) 

IV=(3.14/64)(1.3844 -1.374)  

IV=7.177*10�� m4    =7.177*109mm4 

/2+t)i/Iv)(Dx(M+= bϬ 

) /((1370/2)+14) 9/7.177*10 3*1033327.82(+=bϬ 

23.246N/mm+=bϬ 

The resultant longitudinal stress is: 

bϬ+wϬ+ L Ϭ= zϬ 

Ϭw is compressive and therefore negative.  

Ϭz (upwind) =2.478+0.0709 +3.246 =5.8 N/mm2  



   

Ϭz (downwind) = 2.478-0.0709 -3.246=-0.8389N/mm2.  

As there is no torsional shear stress, the principal stresses will be Ϭz and 

Ϭh.  

The radial stress is negligible, (Pi/2)= 0.5 N/mm2.  

 

 

*Check elastic stability (buckling): 

Critical buckling stress  

Ϭc=2 ×104 (t/Do) 

Ϭc=2*104(14/1370) 

Ϭc=204.37 N/mm2  

The maximum compressive stress will occur when the vessel is not under 

pressure  

= Ϭw+ Ϭb=0.0709 +3.246  

=3.32 N/mm2 (well below the critical buckling stress. So design is 

satisfactory).  

 

*VESSEL SUPPORTS: 



   

  

Try a straight cylindrical skirt (θs= 85) of plain sain less steel, design 

stress 165N/mm2. And Young’s modulus 200000N/mm2at ambient 

temperature.  

The maximum dead weight load on the skirt will occur when the vessel is 

full of water.  

Approximate weight= /4×D2×HV×ρaverage×g 

Approximate weight=(3.14/4)*(1.37)2*936.62*5.8*9.81 

=78558 N=78.558KN. 

Weight of vessel=4.31325 KN 

Total weight = Approximate weight+ Weight of vessel 

=85KN.  

Wind loading = 1981.44 N/mH 

Bending moment at base of skirt =
� 	��

�
  

Let skirt height=1m 

X=5.8+skirt height= 5.8 + 1= 6.8m 

Bending moment (Ms) =1981.44*(6.8)2/2 



   

(Ms) =45810.89 Nm. 

Ϭbs = bending stress in the skirt Ϭbs =4×Ms/ [ × (Ds+ ts)×ts×Ds] 

Ms = maximum bending moment, evaluated at the base of the skirt (due 

to  

Wind , seismic and eccentric loads) 

Ds = inside diameter of the skirt at the base 

ts = skirt thickness. 

Ϭs = base angle of a conical skirt, normally 80  to 90° 

Ϭbs =4*45.811*10 6/[3.14*(1370+14)*1370*14] 

Ϭbs =2.197N/mm2 

Ϭws = the dead weight stress in the skirt 

Ϭws(test) = W/( (Ds+ts)ts] 

W= total weight of the vessel and content (Approximate weight) 

Ϭws(test) =80648.32 /14*3.14(1370+14) 

Ϭws(test) =1.324 N/mm2 

Ϭws(operating)  =W/[ *(Ds+t) t] 

Ϭws(operating)  =42929.199 /[3.14*(1370+14)14] 

Ϭws(operating)  =0.7052N/mm2 

Ϭs (compressive) =Ϭbs + Ϭws(test) 

Ϭs (compressive) =2.197+1.324 

Ϭs (compressive) =3.521 N/ mm2 

Ϭs (tensile) =Ϭbs-Ϭws(operating) 

Ϭs (tensile) = 2.197-0.7052=1.492N/ mm2 

Take joint factor J as 0.85.  



   

The skirt thickness should be such that under the worst combination of 

wind and dead-weight loading the following design criteria are not 

exceeded:  

Ϭs (tensile) J ×fs ×sin θs  

1.492 0.85*165*sin(85) 

1.492 139.716 

Ϭs (compressive) 0.125E (ts/Ds)sinθs 

3.521 0.125*2*105*(14/1370*sin85) 

3.521 256.45  

Both criteria are satisfied, add 2 mm for corrosion, gives a design 

thickness of 130 mm.  

*Base ring and anchor bolt design: 

Approximate pitch circle diameter = 0.0378 m 

Circumference of bolt circle = pitch Di  = 0.0378× 1370×  = 162.69 

Number of bolts required at minimum =8bolt 

Bolt pitch =
�������������	��	����	������	

������ 	��	�����
=162.69/8 = 20.33mm less than 

600mm  

The bolt design stress = 125 N/mm2 

Ms=45810.89 Nm 

W= 2387.657 N  

 

 
 



   

 

Ab=1/(8*125)[(4*45810.89 /0.0378)- 2387.657] 

Ab=4845.33mm 

Bolt root diameter = [
�	��

 ] 0.5 = (4× 4845.33/ )0.5 

Bolt root diameter=78.54 mm.  

 

 

 

Fb =the compressive load on the base ring, Newton’s per linear meter 

Ds = skirt diameter, m. 

Fb=[(4*45810.89 /(3.14*(1.370)2 ))+(2387.657/(3.14*1.370))] 

Fb=35929.58N/m. 

The minimum width of the base ring is given by: 

Lb =
��

�����
 

Lb = base ring width, mm 

Also actual width Lb= Lr+ts+50 = 150 + 14 + 50 = 214 mm 

Actual person concrete foundation 

f′c=
��

������	����� ���
 =35929.58/214*103=0.1678 Nmm2 

The minimum thickness is given by:  

 



   

 

 

  

 

Tb = 150 �3	× 0.1378/140 = 8.997 mm  

Taking corrosion allowance=2+8.997= 10.997 mm.  

Distillation Design:-5.3  

Distillation is a process that separates two or more components into an 

overhead distillate and bottoms. The bottoms product is almost 

exclusively liquid, while the distillate may be liquid or a vapor or both. 

The separation process requires three things. First, a second phase must 

be formed so that both liquid and vapor phases are present and can 

contact each other on each stage within a separation column. Secondly, 

the components have different volatilities so that they will partition 

between the two phases to different extent. Lastly, the two phases can be 



   

separated by gravity or other mechanical means. 

  

    

The distillation column contains one feed stream and two product 

streams. The feed contains a mole percent of the light component, ZF. 

The product stream exiting the top has a composition of XD of the light 

component. The product stream leaving the bottom contains a 

composition of Xb of the light component. The column is broken in two 

sections. The top section is referred to as the rectifying section. The 

bottom section is known as the stripping section. The top product stream 

passes through a total condenser. This effectively condenses all of the 

vapor distillate to liquid. The bottom product stream uses a partial re-

boiler. This allows for the input of energy into our column[19-20].  

*Determine Process Operation Variables:  

Assumed feed rate, composition, purity of distillate and bottoms, and the 

quality of the feed are known.  



   

Perform overall material and component balances to determine the 

compositions of the distillate and bottoms.  

F*ZF=XD*D+Xw*w ……………….. (1) 

F=D+W…………………….. (2) 

Where: 

F Feed rate of input stream, 

Xf Composition of light component in feed, 

XD *Mole Fraction of light in distillate, 

Xw *Mole Fraction of light in Bottom, 

D Total distillate amount, 

W Total bottom amount  

 

*Chemical Design: 

noil = 
�

���
=703.08/280= 2.511K MOL  

nCh3ohl = 
�

���
=

����

��
  

=64.2KMOL 

Nt= 2.511+64.2=66.711 

Xoil=2.511/66.711=0.038 

Xmethanol=0.96 

  

  

  

  

F=D+W 

D=F-W…….1  

Xf*F=XD*D 

 



   

 (0.96*66.711)=0.98*(F-W) +0.02(W) 

  

  

  

Sub. 3 in 1: 

D=F-W 

D=66.711 -1.39 

  

  

    

  

  

  

  

Assume R=2, Sub in Equn.2: 

2=L/D 

L=2D 

2D=V-D 

2D+D=V 

3D=V    (where D=65.321kmol) 

3*(65.321) =V 

V=196  

L=V-D 

W=1.39kmol…..3 

D=65.321………4 

V=D+L 

L=V-D    …….5 

R=
�

�
       ……..6 



   

2D=V-D 

V=3D 

196=3D 

D=65.321 

Reflux Ratio=Ln/D=2 

Ln=2* 65.321 

        =130.642 

V n=Ln +D  

V n=130.642+65.321 

  =196 

Lm=F +Ln 

Lm=66.711+130.642 

Lm=197.353 

V m=L m+W   

V m=197.353+1.39 

V m=198.743 

 

*For Rectifying Section   

Yn=Ln/Vn*Xn+1 +D/Vn *XD 

Yn=0.67*Xn+1+0.33……..1 

 

*For Stripping Section: 

Ym=Lm/Vm *Xm+1-W/Vm*Xw 

      =0.99*Xm+1 –6.99*10^-3 



   

 

 

Fig. (5-1):Equilibrium curve for methanol 

Number of Theoretical Stages=11-1=10 stages. 

Let trays efficiency =0.75 

Number of Actual Stages=11/0.75=13 stages  

Assume tray Spacing =0.5 m  

Height of column= Number of Actual Stages* tray Spacing 

 

 

 

 

 

 



   

 

 

  

  

  

Temperature at the top =65c 

Temperature at the bottom =75c  

Assume pressure drop per plate is 100mm water.  

Column pressure drop=0.1*942*9.81*13  

=12013.33. 

=12.013 Kpa. 

Pressure Top= 101.3 Kpa. 

Pressure bottom=101.3+12.013=113.313Kpa. 

Density Of Vapor =
���

��
  

R=8.314 Kpa.m3/Kmole.K 

v methanoll) =
���.� ��

�.��� (������)
 =1.15 Kg/m3 

V (oil) = 
���.� ���

�.��� (������)
= 10.1 Kg/m3 

 

At the Bottom: 

V (methanol) = 
���.��� ��

�.��� (������)
=1.25Kg/m3  

  

  

  

Physical Properties  

 



   

 

 

V (oil) =	
���.��� ���

�.��� (	������)
=

10.96	Kg/m 3  

 

L at the top =X (oil)* L(oil) 

+X(methanol)* L(methanol)  

=0.907*942+0.093*790=927.9 

Kg/m3  

L at the bottom= X methanol)* L 

(methanol) +X(oil)* L(oil)  

=0.997*970+0.003*942 

=970 Kg/m3 

 

L average= ((L at the top) + ( L at the bottom))/2 

= (927.9+970)/2 

=948.95 Kg/m3 

v at the top =X(methanol)* L(methanol)+X(oil)* L(oil) 

=0.093*1.15+0.907*10.1 

=9.3 Kg/m3 

v at the bottom =X(methanol)* L(methanol)+X(oil)* L(oil)  

=0.997*1.25+0.003*10.96 

=1.3kg/m3. 

  
(Kg/M3)  

  

Component 
 

942  
  
  

Flaxes oil 

  
790 

  

 
methanol  



   

v average=((v at the top)+( v at the bottom))/2 

= (9.3+1.3)/2 

=5.3 Kg/m3 

The vapor liquid factor given in the figure can be estimated as follows:  

Flv=L/V*(v/l) 0.5 

= (130.642/196)*(5.3/948.95) 0.5 

=0.05 

Assume tray Spacing =0.5 m. 

From Fig  

 

  

Fig.  (5-2): Flooding velocity, sieve plate  

K=0.05=5*10 -2  

*Correction for surface tension: 

Surface Tension=[0.0352/0.02]^0.2. 



   

K1= (0.0352/0.02)0.2*0.05 

     =0.056 

*Uf=K1*((l-v)/v) 0.5 

       =0.056*((948.95-5.1)/ (5.1)) 0.5 

=0.762m/sec 

*Design for 80%. Flooding at maximum flow rate: 

UV=0.8 Uf  

=0.8 *0.762=0.61 m/sec 

*M.wt average= (M.wt at the top +M .wt at the bottom)/2 

= ((0.98*32+0.02*280) + (0.02*32+0.98*280))/2 

=156Kg/Kmol. 

*Maximum Volumetric Flow rate 

= ((Vn* M.wt average)/ (v*3600) 

=((196*156)/(5.3*3600)) 

=1.6m3/sec 

*Net Area Required:  

= Maximum Volumetric Flow rate/Uv  

=1.6/0.61 

=2.62m2 

*As first trail take down comer area as 12%of total: 

Column cross-section area= Net Area/(1-0.12) 

=2.62/0.88=2.98m2 

_Column diameter: 

= ((A*4)/) 0.5 



   

=1.95m 

*Liquid flow pattern:  

*Maximum Volumetric liquid Flow rate 

= ((Lm* M.wt methanol/ (l average*3600)) 

= ((179.353*32)/ (948.95*3600))  

=1.7*10 -3 m3/sec  

*Nearest standard pipe size outside diameter 7in (177.8), inside diameter 

(199.44-200) mm  

Thickness wall 3.76 mm 

*Provisional plate design: 

Column diameter Dc = 1.95m 

Column area Ac = 2.98m2  

Down comer area Ad = 0.12 × 2.98 = 0.36 m2,  (at 12%) 

Net area An = Ac  Ad = 2.98 – 0.36 = 2.62 m2 

Active area Aa = Ac  2Ad = 2.98 – (2*0.36) =  2.26m2 

Hole area Ah take 10% Aa as first trial = 0.1(2.26) =0.226 m2 

Weir length (from fig. (5-3))   

 

Ad/Ac=
�.��

�.��
= 0.12 100= 12 

Lw/Dc=0.79 

Weir length (lw) =0.79*Dc=0.79*1.95=1.54m 

Take weir height 50mm 

Hole diameter (dh) 5 mm 

Plate thickness 5mm. 



   

  

Fig. (5-3): Relation between down comer area and weir length.  

*Check Weeping: 

Maximum liquid rate = (L*Mwt (methanol)*3600 

= (130.642*32)/3600 

=1.2 Kg/Sec 

Minimum liquid rate, at 70%turn-down 

=0.7 × 1.2  

=0.84 Kg/sec 

hw = weir height, mm. 

lw = weir length, m. 

how = weir crest, mm liquid.  

Maximum (how) = 750 *(Maximum liquid rate/l average* Weir length)) 

^2/3  

=750*(1.2/ (948.95*0.83) ^ (2/3) =9.93mm.  

Minimum (how) = 750 *(Minimum liquid rate/l average* Weir length)) 

^2/3  



   

=750*(0.84/ (948.95 *0.83)) 2/3 

=7.83mm 

At minimum rate hw +how =7.83+50=57.83 mm  

Uh = minimum vapor velocity through the holes(based on the hole area), 

m/sec.  

dh = hole diameter, mm and K2 = a constant, dependent on the depth of 

clear liquid on the plate, obtained from the figure below.  

  

Fig. (5-4) :Weep point correlation (Eduljee, 1959)  

  K2=30.2 

 Uh (min) = (K2-0.90(25.4-dh))/ (v average) 0.5 

  Uh (min) = (30.2-0.90(25.4-5))/ (5.1) ^ 0.5 

   Uh (min) =5.25m/sec. 

Actual minimum vapor velocity= minimum vapor rate/ Ah 



   

Actual minimum vapor velocity= (0.7*5.7)/( 0.226) 

                                                   =17.7m/sec.  

So the min. operating rate will lead to weeping at the bottom of 

column; reduce hole area to 7% of active area =0.07*2.26  

                                                                     =0.16m2. 

New actual min vapor velocity =
�.� ��.�

�.��
 =77.44m/sec. 

So the minimum operating rate will be well below weep point.  

*Plate Pressure Drop 

Dry plate drop 

Maximum vapor velocity through holes: 

Uh= Maximum Volumetric Flow rate /Ah  

     = 5.7/0.226=25.22 m/sec. 

From fig. (5-5), for plate thickness/hole diameter = 1, 

 And Ah/Ap ≈ Ah/Aa =0.07, C0 = 0.82 

hd =51*(Uh/C0)2 *(v average/L) 

hd =51*(25.22/0.82)2*(5.1/948.95)   

     =260mm.  

Where: the orifice coefficient C0 is a function of the plate thickness, hole 

diameter and the hole to perforated area ratio.  



   

  

Fig. (5-5) :Discharge Coefficient, sieve plates.[vol.6] 

*Residual head:  

The simple equation proposed by Hunt et al can be used:  

 

 

hr=12.5 *103/948.95 =13.17 mm  

*Total plate pressure drop: 

The total plate drop is given by: 

   

 

ht =260+(50+9.93)+13.17 

ht=333.1mm. 

*Down comer Liquid Back-up 

hr=12.5*103/l average 

ht =hd +(hw+ Maximum(how))+hr 



   

Down comer pressure loss 

hap = hw – (5 to 10 mm) 

Take hap = hw  10 = 50-10=40 mm.  

Where: hap is height of the bottom edge of the apron above the 

plate.  

The clearance area under the down comer is given by:   

 

 

lw =1.54 mm                   (from fig. (5-6)). 

Area under apron, Aap = 40*1.54*10-3=0.062 m2  

And the head loss in the downcomer can be estimated using the 

equation given by Cicalise et al.    

 

 

hdc =166*(1.2/(948.95*0.062))2 

hdc =0.07 mm. 

*Backup in downcomer:  

In terms of clear liquid the downcomer back up is given by:   

 

 

Where: hb = downcomer back up, measured from plate surface, 

mm   

H dc = head loss in the down comer, mm 

Aap = hap*lw 
 

hdc = 166[Max.liquid rate/ρL*Aap]2 

hb = (hw + how) + ht + hdc  
 



   

hb=(50+9.93)+333.1+0.07= 393.1mm =0.3931m 

0.3931<1/2(Plate Spacing +Weir height) 

<0.505.  

So tray spacing is acceptable. 

*Check residence time:  

Sufficient residence time must be allowed in the downcomer for 

the entrained vapor to disengage from the liquid stream; to 

prevent heavily “aerated” liquid being carried under the down 

comer.  

The downcomer residence time is given by: 

 

    =
�.�� �.���� ���.��

�.�
= 112	��� 

6 >3 s SATISFACTORY. 

 

  

*Check Entrainment:  

 Entrainment can be estimated from the correlation given by Fair (figure 

below), which gives the fractional entrainment ψ (kg/kg gross liquid 

flow) as a function of the liquid vapor factor FLV, with the percentage 

approach to flooding as a parameter.  

The percentage flooding is given by:  

 

 

Uv= Maximum volumetric flow rate/Ah 

 5.7/0.16 

tr=(Ad*hb*L average )/Maximum VOLUMETRIC   FLOW RATE 

Percentage flooding = un, actual velocity based on net 

area/uf, 



   

     =35.7 m/sec 

percent flooding: 

     =35.7/0.64*100=60  

From figure =77*10-3<0.1. 

  

Fig .(5-6): Entrainment correlation for sieve plates.  

  

*Trial Layout:  

Use cartridge-type construction. Allow 50 mm unperforated strip around 

the plate edge; 50 mm wide calming Zones.  



   

  

At lw/Dc=0.7 

c=120 

Angle subtended by the edge of the plate = 180  120= 60 

Mean length, unperforated edge strips  

= (1  50 × 10 3)π × 72/180 

= 1.19 m. 

 

Area of unperforated edge strips=hw*  

= 50 × 10 3 × 1.19 = 0.0595 m2  

 

Mean length of calming zone, approx. = 

weir length + width of unperforated strip  

                   = (50*10-3+0.718) = 

0.768 m.  

 

Area of calming zones = 2(0.768× 50 × 10 3) = 0.0768 m2  

Total area for perforations, Ap = Aa – 0.0595 

Fig(5-7): Relation between hole area and  pitch. 



   

=0.494-0.0595  

=0.434m2. 

Ah/Ap = (0.07*0.226)/0.434 = 0.037 

From fig.(5-7), lp/dh 2.7; satisfactory, within 2.5 to 4.  

*Number of Holes: 

Area of one hole =0.0226 × *10-6m 

2  

Number of Holes=Ah/ Area of one hole  

  

                                               =
�.�� �.���

�.�� ����
= 11461  

Diameter Dc (m) 1.95 

Height (m) 6.5 

Try Spacing (m) 0.5 

No. of actual stage  13 

Type of plates Sieve plat  

Down comer area (m2) 0.36 

Active area (m2) 2.26 

Holes area (m2) 0.0226 

NO.of holes   11461 

Material of construction  Stainless steel (304) 

NO.of holes 11461 



   

         =  

distillation:Mechanical design of -5.4 

*vessel design: 

Design pressure = 1.01 bar+10 = 0.1113 N/mm2  

  

Design Temp. = 75 °C  

From table 14-2 Chemical Engineering Design second edition 

Design stress at 75C = 126.4 N/mm2  for stainless steel  

  

To calculate thickness by the equation: 

e= 
����

�����.����
 

e=0.1113*1/2*126.4-1.2*0.1113   

e= 4.4*10-4mm 

Add corrosion allow an =2+4.4*10-4=2.00044 mm. 

 *Weight of column:  

A much thicker wall will be needed at the column base to withstand the 

wind and dead weight loads. As a first trial, divide the column into five 

sections (courses), with the thickness increasing by 2 mm per section. Try 

10, 12, 14, 16, 18 mm.   

  

For steel vessel 



   

  

  

Take Cv = 1.15, vessel with several fitting 

Dm = Di+ t = 1.08 +0.014=1.094 m 

H=6.5m 

Wv =3749.024 N 

*Weight Of Insulation: 

Mineral wool density = 130 kg/m3  

approximate volume of insulation = 1.08*  *6.5* 75×10-3 

    v=1.65 m3 

Weight = Do× g× mineral wool density 

Weight =1.094*9.81*130= 1395.18 N  

Double this to allow for fittings WD=2×1395.18=2790.36N 

Total weight = Wd+ Wv 

                    =3749.024+2790.36=6539.4 N  

*Wind Loading: 

Take dynamic wind pressure as 1280 N/m2.  



   

Mean diameter, inclu  ding insulation (Deff) = Di + 2(t +75)10-3 

Deff=1.08+2(14+75)*10-3= 1.26 m  

Loading Fw = Pw Deff 

=1280*1.26= 1612.8 N/m 

Bending moment at bottom tangent line Mx=
�� 	���

�
 

Mx=1612.8*(6.5)2 / 2 

Mx=34070 Nm 

*Analysis Of Stress: 

At bottom tangent line  

Pressure stresses 

Ϭh =PDi /2t 

=0.1013*1080mm /2*14 =3.91 N/mm2 

ϬL =PDi /4t 

ϬL=0.1013*1080mm/ 4*(14) 

ϬL=1.954N/mm2 

Dead weight stress 

Ϭw =W/ (  (Di+t )t) 

Ϭw=6539.4 /(� (1094) 14) 

 

Ϭw =0.2 N/mm2 (compressive) 

*Bending stresses:  

 

IV= ( /64) (Do
4- Di4) 

IV= (3.14/64)(1.0944 -1.084) 



   

IV=3.5*109 mm4 

/2+t)i(M/Iv)(D+ = bϬ 

) /(1000/2+14) 9(34070*1000/3.5*10+=bϬ 

2N/mm 4-.55*10+1=bϬ 

The resultant longitudinal stress is: 

bϬ+wϬ+ L Ϭ= zϬ 

Ϭw is compressive and therefore negative. 

 4-.55*101(upwind) =1.954+0.5923 +z Ϭ 

Ϭz (upwind) =+2.546 N/mm2 

2= 1.362N/mm 4-*10.551-0.5923 -(downwind) =1.954z Ϭ  

As there is no tensional shear stress, the principal stresses will be 

ϬzandϬh  

The radial stress is negligible, ≈Pi/2=0.1013 /2=0.0506 N/mm2.  

The greatest difference between the principal stresses will be on the 

down-wind side  

Ϭh- Ϭz (downwind)= 3.91 -1.362=1.828 N/mm2 

Well below the maximum allowable design stress. 

*Check elastic stability (buckling) :  

Critical buckling stress 

Ϭc=2 ×104*  (t/Do ) 

Ϭc=2*104(14/1094) 

Ϭc=255.9N/mm2  

The maximum compressive stress will occur when the vessel is not under 
4-.55*101=0.5923 +bϬ+ wϬpressure=   

=0.5924 N/mm2 (well below the critical buckling stress.So design is 

satisfactory).  



   

*VESSEL SUPPORTS  

.  

Try a straight cylindrical skirt (θs= 85) of plainsainless steel, design stress 

165N/mm2  

And Young’s modulus 200000N/mm2at ambient temperature.  

The maximum dead weight load on the skirt will occur when the vessel is 

full of water.  

Approximate weight= /4×D2×h×ρaverage×g 

Approximate weight= (3.14/4)*(1.08)2*6.5*948.95*9.81 

                             =55404.22 N 

Weight of vessel= N 

Total weight = Approximate weight+ Weight of vessel 

                   = 55404.22 +6539.4  = 61943.62 N 

Wind loading = 1612.8 N  

Bending moment at base of skirt =
� 	��

�
 

Let skirt height=1m 

X=6.5+skirt height= 6.5 + 1 = 7.5m  

Bending moment (Ms) =1612.8 *(7.5)2/2 



   

(Ms) =45360 Nm  

Ϭbs = bending stress in the skirtϬbs =4×Ms/[ × (Ds+ ts)×ts×Ds]  

Ms = maximum bending moment, evaluated at the base of the skirt (due 

to  

Wind, seismic and eccentric loads)  

Ds = inside diameter of the skirt at the base 

ts = skirt thickness. 

Ϭs = base angle of a conical skirt, normally 80  to 90° 

Ϭbs =4*45360/[3.14*(1080+5)*1080*5] 

Ϭbs =9.86*10-4 N/mm2 

Ϭws = the dead weight stress in the skirt 

Ϭws (test) = W/( (Ds+ts)ts]  

W= total weight of the vessel and content (Approximate weight) 

Ϭws (test) =55404.22 /5*3.14 (1080+5) 

Ϭws (test) =3.25 N/mm2 

Ϭws (operating) =W/ [ *(Ds+t) t] 

Ϭws (operating) =45360/ [3.14*(1080+5)5] 

Ϭws (operating) =2.662N/mm2 

Ϭs (compressive) =Ϭbs + Ϭws (test) 

Ϭs (compressive) =9.86*10-4 +1.836 

Ϭs (compressive) =1.837 N/ mm2 

Ϭs (tensile) =Ϭbs-Ϭws (operating) 

Ϭs (tensile) =9.86-2.662=7.198 N/ mm2 

The joint factor J as 0.85  



   

The skirt thickness should be such that under the worst combination of 

wind and dead-weight loading the following design criteria are not 

exceeded:  

Ϭs (tensile) J ×fs ×sin θs 

7.198 0.85*165*sin (85) 

7.198 139.716 

Ϭs (compressive) 0.125E (ts/Ds) sinθs. 

1.837 0.125*2*105*(5/1.08*sin85) 

1.837 124.524  

Both criteria are satisfied, add 2 mm for corrosion, and gives a design 

thickness of 130 mm  

*Base ring and anchor bolt design: 

Approximate pitch circle diameter = 0.0378 m  

Circumference of bolt circle = pitch Di  = 0.0378× 1080×  = 128.25  

Number of bolts required at minimum =8bolt  

Bolt pitch =
�������������	��	����	������	

������ 	��	�����
=128.25/8 = 16.03mm less than 

600mm  

The bolt design stress = 125 N/mm2 

Ms=45360Nm    

W= 28497.77 N  

 

 

 



   

 

 

Ab=1/8*125[(4*45360/0.0378)-  61943.62 ] =   

Ab=4738.1 mm 

 

Bolt root diameter =[
�	��

 ]0.5 = (4× 4738.1 / )0.5 

Bolt root diameter=77.7mm 

 

  

Fb =the compressive load on the base ring, Newton’s per linear meter  

Ds = skirt diameter, m. 

Fb= [4*45360/3.14 (1.080)2+28497.77/3.14*1.080] 

Fb=57913.83 N/m 

The minimum width of the base ring is given by: 

Lb =
��

�����
 

Lb = base ring width, mm   



   

also actual width Lb= Lr+ts+50 = 150 + 5 + 50 = 212 mm   

Actual person concerte foundation 

f′c=
��

������	����� ���
 =57913.83 /205*103=0.2825 Nmm2 

The minimum thickness is given by: 

 

  

 

Tb = 150 �3	× 0.2825/140 = 11.67 mm   

Taking corrosion allow an=2+11.67= 13.67 mm 

 

 

 

 

 

 

 

 

 

 



   

 

 

 

 

 

 

 

 

 

 

 

 

Equipment Cost:-6.1  

1-Dryer (DR-101): 

From table (6-1)  

C= cost constant =35000$. 

S: characterize size factor = 5 

N: index for the type of equipment =0.45 

Ce =CSn   

      =35000*0.45*5 

      =78750$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

CHAPTER SIX 



   

                      =78750*541.7/  444.2 

                     =96035.3  $.            

 

 

2-Extractor (EX-101):  

V = total mass /total density. 

Total mass =18311Kg. 

Total density =0.14*942+0.86*970 

                        =811.28Kg/m3 

V =22.57m3  

Assume required time =half hour. 

L/D=3 

V =
�

�
D2 L =

��

�
 D3. 

D=2.124m. 

L=6.372m. 

From fig. (6-1). 

Index in 2004 =444.2 

Index in 2018 =541.7 

From fig. (6-2) 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =9400$. 

Materials stainless steel. 

Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =9400*2*1=18800$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 



   

                       =18800*541.7/444.2 

                        =22926.52$. 

 

 

3-Filter (VF-101): 

V = total mass /total density. 

Total mass =6758.844Kg. 

 X seed=1807.92/6758.844 

            =0.27 

X o.s. = 4950.92/6758.844 

        =0.73 

Total density =0.27*942 +0.73*970 =962.44Kg/m3 

Assume required time =half hour. 

L/D=3 

V=7.023m3. 

V =
�

�
D2 L =

��

�
 D3. 

D=1.44m. 

L=4.32m. 

From fig. (6-1):                 Index in 2004 =444.2 

                                           Index in 2018 =541.7 

From fig. (6-2): 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =7800$. 

Materials stainless steel. Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =7800*2*1=15600$. 



   

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

=15600*541.7/444.2 

=19024.13$. 

 

 

4-Evaporator (FE-101):  

D=1.37m. 

L=5.8m. 

From fig. (6-1). 

Index in 2004 =444.2 

Index in 2018 =541.7 

From fig. (6-2) 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =9000$. 

Materials stainless steel. 

Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =9000*2*1=18000$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

=18000*541.7/444.2 

=21950.92$ 

 

 

5-distillation column (SC-101):  

D=1.95m. 



   

L=6.5m. 

From fig. (6-1). 

Index in 2004 =444.2 

Index in 2018 =541.7 

From fig. (6-2) 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =9100$. 

Materials stainless steel. 

Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =9100*2*1=18200$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

                       =18200*541.7/444.2 

                      =22194.82$. 

Cost of plate from figure (6-3): =320$ 

Material factor =1.7 

NO. of plates =13 

Total cost of plates =320*1.7*13 

                                   =7072$. 

Total cost of column =7072+22194.82=29266.82$. 

 

101-Storage tank (T-6  

V = total mass /total density. 

Total mass =15800Kg. 

Total density =970Kg/m3 

Assume required time =half hour. 



   

L/D=3 

V=16.3 m3. 

V =
�

�
D2 L =

��

�
 D3. 

D=1.91m. 

L=5.73 m. 

From fig. (6-1):                 Index in 2004 =444.2 

                                           Index in 2017 =541.7 

From fig. (6-2): 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =8000$. 

Materials stainless steel. Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =8000*2*1=16000$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

                       =16000*541.7/444.2 

                      =19511.94$. 

We have two storage tank for solvent, so cost=2*19511.94                                                                         
=39023.88$. 

 

8-Storage tank (T-103):  

V = total mass /total density. 

Total mass =703.08Kg 

Total density =942Kg/m3 

Assume required time =half hour. 

L/D=3 

V=1 m3. 



   

V =
�

�
D2 L =

��

�
 D3. 

D=0.75m. 

L=2.25 m. 

From fig. (6-1):                 Index in 2004 =444.2 

                                           Index in 2018 =541.7 

From fig. (6-2): 

Purchased cost = (bare cost from figure)*material factor *pressure factor. 

Cost of vertical vessel =5000$. 

Materials stainless steel. Factor =2. 

Pressure design 1bar, factor=1. 

Purchased cost =5000*2*1=10000$. 

Cost in 2018 =cost in mid-2004*
����	�����	��	����	����	

����	�����	��	����	����
 

                       =10000*541.7/444.2 

                      =12194.96$. 

Total cost of all equipment: = 

 

 

Total physical plant cost: 

(PPC)=PEC [1+F1+F2+F3+F4+F5+F6+F7+F8+F9] 

From table (6-2): 

         =240422.53*[1+0.45+0.45+0.15+0.1+0.1+0.45+0.2+0.05+0.2] 

         =757330.97$. 

Fixed capital cost =PPC [1+F10+F11+F12] 

From table (6-2): 

                                =757330.97*[1+0.25+.05+0.1] 

                                =1060263.36$. 



   

6.2-Operating cost: 

The two most important cost of producing a chemical product includes 
the follow two groups: 

*fixed operating cost 

 

A-maintenance (labour and material) =5%fixed capital cost  

  =0.05 ×1060263.36= 53013.17$ 

B-operating labour =No. of workers× Annular salary 

                                   = 320×500 $×12 = 1920000 $ 

C-laboratory costs=30%of operating labour cost 

                     = 0.3 × 1920000 = 576000 $ 

 

D-supervision=No. of workers/5 *Annular salary of supervisor 

                      = 320 /5 × 1000 $ × 12 = 768000 $ 

 

E-plant overheads=70% of labour cost 

                  = 0.7 *1920000 = 1344000 $ 

 

F-capital charges=6% of fixed capital (bank rate 4%) 

            = 0.06 *   757330.97   = 45439.86$ 

G-local taxes=2% fixed capital 

            = 0.02 ×757330.97   $ = 15146.62$ 

H-Insurance=2% fixed capital 

                   = 0.02 ×757330.97$ = 15146.62$ 

I-Royalties and License fees=5%fixed capital 

= 0.05×757330.97$ = 37866.55 $. 

Total fixed operating cost = 4,774,612.82$. 



   

6.3-Variable cost 

A-Raw material: 

1- Cost of seed (raw) = 5 $

��
*2511 ��

��
*7200 ��

�	����
 

                              =90396000 $/year 

2- Cost of solvent=15800 
��

��
 ÷970 ��

� �
 

                           =16.3 �
�

��
 *�����	��

� �
�	$

����	��
����	��
�	����

 

                           =4890000 $/year 

                         

Total cost of raw material =95286000$/year. 

b- Miscellaneous operating material: 

               =10% maintenances cost  

            = 0.1*37866.55 

            =3786.655$. 

 

 

 

C- Utilities (services): 

1- Child water =732.80295     
��

��
 *��	��

�	���

���	���

	�	����
	�.�	$
���

�	���

����	��
                                         

= 4220.94 $/year 

2-steam=657.1719
��

��

��	��

�	���

���	���

	�	����
	��	$
���

�	���

����	��
 

=56779.65 $ 

3- electricity: 

P= V* I 

 =400000 *180 

=72000000 W 

 =72 MW*3600 



   

 =259200 MJ*300 day  

 =77.76*106MJ.day 

Cost of electricity =0.04 $ *77.76*106 

=3110400 $ 

Total variable cost= 98461187.25$ 

 

Annual Operating cost = Total fixed operating cost + Total variable cost 

 =98461187.25+ 4774612.82$ 

= 103235800.1$ 

An Annual Production Cost = Annual Operating cost / Total Production 

Of flaxes oil 

= 103235800.1$ / 5 ton 

= 20647160.02$/ton 

Profit = Operating cost of one ton × 0.25 

  = 20647160.02$× 0.25 = 5161790.1$. 



   

 

Fig. (6-1): Equipment Cost 

 

 

Fig. (6-2): Marshal and Swift index 



   

 

Fig. (6-3) Plates Cost 

  

                     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

Table (6-1) COSTING AND PROJECT EVALUATIOn 
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