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Abstract - Crude oil extracted from the earth 

contains many elements that are to be separated for it 

to be a useful fuel of chemical or raw material. Crude 

oil refineries are put in place to convert or refine 

unprocessed crude oil into more useful products 

using both physical separation and chemical 

conversion processes. Albeit, different refining units 

are subsets of the physical separation category. The 

atmospheric and vacuum distillation unit seems to be 

more prominent. 

Crude oil distillation unit (CDU) is significant in a 

refinery, and retrofitting a crude oil distillation unit is 

more common than building a new one. To build a 

rigorous model for the crude oil distillation unit based 

on the conventional two-furnace and three-column 

process flow in a refinery that addresses both the 

distillation columns and the heat exchanger network 

(HEN) simultaneously. 

The effect of the differences of crude oil properties 

on the product yield, pump rounds for heat removals, 

the design of heat exchanger networks, and CO2 

emissions in crude distillation units are focused. 

Furthermore, energy use improvement for crude oil 

distillation units with consideration of light and 

heavy crude oil is proposed. Conventionally, the 

crude atmospheric residue cannot be further heated in 

an atmospheric condition due to: coke formation, 

pipes plugging, thermal cracking, and straining of the 

furnace. 

KEYWORDS: Crude oil, CDU, HEN, retrofitting, 

refinery 

1.INTRODUCTION 
What Is an HVAC System? 

First and foremost, HVAC stands for heating, 

ventilation,  and air conditioning. This system 

provides heating and cooling to residential and 

commercial buildings. You can find HVAC systems 

anywhere from single-family homes to submarines 

where they provide the means for environmental 

comfort. Becoming more and more popular in new 

construction, these systems use fresh air from 

outdoors to provide high indoor air quality. The V in 

HVAC, or ventilation, is the process of replacing or 

exchanging air within a space. This provides a better 

quality of air indoors and involves the removal of 

moisture, smoke, odours, heat, dust, airborne 

bacteria, carbon dioxide, and other gases as well as 

temperature control and oxygen replenishment. 

 How Does an HVAC System Work? 

The three main functions of an HVAC system are 

interrelated, especially when providing acceptable 

indoor air quality and thermal comfort. You’re 

heating and air conditioning system is often one of 

the most complicated and extensive systems in your 

home, but when it stops working, you’ll know soon 

enough! There are nine parts to your HVAC system 

that you should be familiar with the air return, filter, 

exhaust outlets, ducts, electrical elements, outdoor 

unit, compressor, coils and blower. 

2.REFINING OF CRUDE OIL 

Refining of crude oils essentially consists of primary 

separation processes and secondary conversion 

processes. The petroleum refining process is the 

separation of the different hydrocarbons present in 

the crude oil into useful fractions and the conversion 

of some of the hydrocarbons into products having 

higher quality performance. Atmospheric and 

vacuum distillation of crude oils are the main primary 

separation processes producing various straight run 

products, e.g., gasoline to lube oils/vacuum gas oils. 

Distillation of crude oil is typically performed first 

under atmospheric pressure and then under 

a vacuum. Low boiling fractions usually vaporize 

below 400°C at atmospheric pressure without 

cracking the hydrocarbon compounds. Therefore, all 

the low boiling fractions of crude oil are separated by 

atmospheric distillation. A crude distillation unit 

(CDU) consists of pre-flash distillation column. The 

petroleum products obtained from the distillation 

process are light, medium, and heavy naphtha, 

gasoline, kerosene, diesel, and oil residue. 

Crude oil obtained from the desalter at temperature 

of 250 °C–260 °C is further heated by a tube-still 

heater to a temperature of 350 °C–360 °C. The hot 

crude oil is then passed into a distillation column that 

allows the separation of the crude oil into different 

fractions depending on the difference in volatility. 

The pressure at the top is maintained at 1.2–1.5 

ATM so that the distillation can be carried out at 

close to atmospheric pressure, and therefore it is 

known as atmospheric distillation column. 

The vapours from the top of the column are a mixture 

of hydrocarbon gases and naphtha, at a temperature 

of 120 °C–130 °C. The vapor stream associated with 

steam used at bottom of the column is condensed by 

the water cooler and the liquid collected in a vessel is 

known as reflux drum which is present at the top of 

the column. Some part of the liquid is returned to the 
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top plate of the column as overhead reflux, and the 

remaining liquid is sent to a stabilizer column which 

separates gases from liquid naphtha. A few plates 

below the top plate, the kerosene is obtained as 

product at a temperature of 190 °C–200 °C. Part of 

this fraction is returned to the column after it is cooled 

by a heat exchanger. This cooled liquid is known as 

circulating reflux, and it is important to controlling 

the heat load in the column. The remaining crude oil 

is passed through a side stripper which uses steam to 

separate kerosene. The kerosene obtained is cooled 

and collected in a storage tank as raw kerosene, 

known as straight run kerosene that boils at a range 

of 140 °C–270 °C. A few plates below the kerosene 

draw plate, the diesel fraction is obtained at a 

temperature of 280 °C–300 °C. The diesel fraction is 

then cooled and stored. The top product from the 

atmospheric distillation column is a mixture of 

hydrocarbon gases, e.g., methane, ethane, propane, 

butane, and naphtha vapours. Residual oil present at 

the bottom of the column is known as Reduced crude 

Oil (RCO). The temperature of the stream at the 

bottom is 340 °C–350 °C, which is below the 

cracking temperature of oil. 

Simulation helps in crude oil characterization so that 

thermodynamic and transport properties can be 

predicted. Dynamic models help in examining the 

relationships that could not be found by experimental 

methods. 

Petroleum products are materials derived from crude 

oil (petroleum) as it is processed in oil refineries. The 

majority of petroleum is converted to petroleum 

products, which includes several classes of fuels. 

Oil refineries also produce various intermediate 

products such as hydrogen, light 

hydrocarbons, reformate and pyrolysis gasoline. 

These are not usually transported but instead are 

blended or processed further on-site. Chemical plants 

are thus often adjacent to oil refineries or a number of 

further chemical processes are integrated into it. For 

example, light hydrocarbons are steam-cracked in 

an ethylene plant, and the produced ethylene is 

polymerized to produce polyethene. 

Because technical reasons and environment 

protection demand a very low sulphur content in all 

but the heaviest products, it is transformed 

to hydrogen sulphide via 

catalytic hydrodesulfurization and removed from the 

product stream via amine gas treating 

 

 
 

Figure 1.1: Refining of crude oiL 

 

Oil refineries also produce various intermediate 

products such as hydrogen, light 

hydrocarbons, reformate and pyrolysis gasoline. 

These are not usually transported but instead are 

blended or processed further on-site. Chemical plants 

are thus often adjacent to oil refineries or a number of 

further chemical processes are integrated into it. For 

example, light hydrocarbons are steam-cracked in 

an ethylene plant, and the produced ethylene is 

polymerized to produce polyethene. 

Because technical reasons and environment 

protection demand a very low sulphur content in all 

but the heaviest products, it is transformed 

to hydrogen sulphide via 

catalytic hydrodesulfurization and removed from the 

product stream via amine gas treating. Using 

the Claus process, hydrogen sulphide is afterward 

transformed to elementary sulphur to be sold to the 

chemical industry. The rather large heat energy freed 

by this process is directly used in the other parts of 

the refinery. Often an electrical power plant is 

combined into the whole refinery process to take up 

the excess heat. 

According to the composition of the crude oil and 

depending on the demands of the market, refineries 

can produce different shares of petroleum products. 

The largest share of oil products is used as "energy 

carriers", i.e., various grades of fuel oil and gasoline. 

These fuels include or can be blended to give 

gasoline, jet fuel, diesel fuel, heating oil, and heavier 
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fuel oils. Heavier (less volatile) fractions can also be 

used to produce asphalt, tar, paraffin 

wax, lubricating and other heavy oils. Refineries also 

produce other chemicals, some of which are used 

in chemical processes to produce plastics and other 

useful materials. Since petroleum often contains a 

few percent sulphur-containing molecules, elemental 

sulphur is also often produced as a petroleum 

product. Carbon, in the form of petroleum coke, 

and hydrogen may also be produced as petroleum 

products. The hydrogen produced is often used as an 

intermediate product for other oil refinery processes 

such as hydrocracking and hydrodesulfurization. 

Refrigerant 

1,1,1,2-Tetrafluoroethane (also known as (INN), R-

134a, Freon 134a, Forane 134a, Genetron 

134a, Florasol 134a, Suva 134a, or HFC-134a) is 

a hydrofluorocarbon (HFC) 

and haloalkane refrigerant with thermodynamic 

properties similar to R-12 (dichlorodifluoromethane) 

but with insignificant ozone depletion potential and a 

lower 100-year global warming potential (1,430, 

compared to R-12's GWP of 10,900). It has the 

formula CF3CH2F and a boiling point of −26.3 °C 

(−15.34 °F) at atmospheric pressure. R-134a 

cylinders are colored light blue. A phaseout and 

transition to HFO-1234yf and other refrigerants, with 

GWPs similar to CO2. 

 

Figure 2: Pressure Enthalpy Diagram for Refrigerant 

134a 

 

            SPECIFIC HEAT 

The specific heat is the amount of heat per unit mass  

required to raise the temperature by one degree of 

Celsius. The relationship between heat and 

temperature change is usually expressed in the form 

where c is the specific heat. The relationship does not 

apply if a phase change is encountered, because the 

heat added or removed during a phase change does 

not change the temperature. 

Q=mc       T 

Q = Heat Added 

M = mass 

C = specific heat 

     T      = Change in Temperature 

The specific of water is 1 calorie/gram oC =4.186 

joule/gram oC which is higher than any other 

common substance. As a result, water plays a very 

important role in temperature regulation. The specific 

of per gram of water is much higher than that of 

metal, as described in the water-metal example. For 

most purposes, it is more meaningful to compare the 

molar specific heat of substances. 

 

 

Table 1.1: 1,1,1,2- Tetrafluoroethene (134a) 
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3.Calculations: 

Design of cooling systems for these 3 heat 

exchangers.  

How much heat energy to be removed per liter 

distillation? 

How much is the quantity of refrigerant required per 

liter distillation? 

How much is the power of compressor per liter 

distillation? 

For Heat exchanger extracting Naphtha –: - 

∆T = 100 -30 = 70 C 

m= Mass flow rate of refrigerant, depends on which 

ref we choose 

Cp = Depends on refrigerant we choose.  

Let’s assume, we choose, Tetraflouroethane (R 

134A) as refrigerant.  

R 134 A refrigerant enters the coil at -26.07 and 

leaves the coil at +20 C 

Enthalpy of refrigerant at liquid state while entering 

the coil = 165.81 KJ/Kg 

Enthalpy of refrigerant at Vapor state while leaving 

the coil =  409.75 KJ/Kg 

 

Net heat absorption capacity = 409.75-165.81= 

243.94 KJ/KG 

Assume this much heat is removed in the coil per 

second.  

Q = m*Cp*∆T =  

243.94 = m * 1.281 * {20-(-26.07)} 

T = Temperature at which Naphtha gets evaporated = 

Temperature of the refrigerant leaving the coil. = 90 

C based on data of the Heavy and Light Naphtha 

boiling points at atmospheric pressure. However, we 

are decreasing the pressure, so that even Heavy 

naphtha will have boiling point of 90 C 

Thus, temperature of the refrigerant leaving the 

evaporator coil = 90 C  

243.94= m *1.281*(20+26.07) = 4.13 kg/s 

Flow rate of the Crude Oil components passing 

through the solenoid valves:  

243.94 =m * Cp for Naphtha * (90-20) For first coil  

243.94 =m* Cp for Petrol and LPG* (120-20) For 

second coil 

243.94 = m* Cp for Kerosene and diesel* (200-20) 

For third coil.  

Mass flow rate of Naphtha In first coil:  

Cp- Naphtha = 165.48 J/Mol K 

1 Kg of Naphtha have how many moles? 

molecular weight = 145 g/mol  

= 165.48/145 J/g-K  

Cp = 1.14 J/gk = 1.14 KJ/KgK  

Mass flow rate of Naphtha:  

m = 3.05 Kg/s 

Cp of Petrol = 2.22  

243.94 = m Petrol * 2.22 *100  

m = 1.09 Kg/s 

243.94 = m * 2.01 * 180  

m = 0.67 kg/s 

 

 

 

4.RESULTS AND DISCUSSION 

Mass flow rate of the Naphthalene = 3.05 kg/s 

Mass Flow rate of Petrol = 1.09 Kg/s 

Mass Flow rate of Diesel/Kerosene = 0.67 Kg/s 

 

Total Quantity of Refrigerant = 4.13 Kg/s 

 

Temperature of the refrigerant at Condenser = 90 C 

Temperature of the refrigerant at each Evaporator coil 

= -29.06 C 

Flow rate at condenser coil = 12.39 kg/s 

Flow rate at each evaporator coil = 4.13 Kg/s 

Heat removed from Naphtha = 243.94 *3.05 = 741.57 

KJ/s 

Heat Removed from Petrol = 243.94*1.09 = 265.89 

KJ/s 

Heat removed from Diesel = 243.94*0.67 = 163.43 

KJ/s 

Total Heat of the system = 1170.91 KJ/s 

  

After finding out the heat removed from naphtha, 

petrol and diesel from there we can find the total heat 
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removed from the system after adding the total net 

quantity of refrigerant in the system. The temperature 

at condenser is 90oC and at evaporator is -29.06oC. 

From there we can calculate the mass flow rate of 

condenser and evaporator coil. After finding out the 

flow rate condenser and evaporator coil, we can find 

the mass flow rate of Naphtha, Petrol and 

Kerosene/Diesel.  From there we can find out how 

much amount of crude oil is being eliminated and 

separated by distillation method by calculating the 

mass flow rate of different forms of crude oil. 
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