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Abstract— Cryogens and their uses are become essential from 

day to day life. Cryogens used for liquefaction of gases to 

storage of gases. Cryogen like nitrogen has wide uses in 

practical applications, which is easily available. According to 

temperature required different cryogens with respect to their 

properties used in various applications. This dissertation is 

focused on heat transfer between two cryogens. It is known 

that cryogens have their own evaporation rate, boiling point, 

freezing point and also have rate of heat transfer with respect 

to other objects that may be solid surfaces, stored food, 

insulating surfaces or cryogens in solid state or liquid state or 

gaseous state etc. In this dissertation heat exchanger will be 

designed to study that with variation in different parameters 

like tube length, material of tube how it affect the rate of heat 

transfer will be studied by running experiment, on basis of 

that, the data will be analysed. 
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I. INTRODUCTION 

Cryogenic is branch which deals with the temperature below 

-150°C. Generally below this temperature fluid used is 

known as cryogen. There are vast applications of cryogens 

from liquefaction of other gases to cool down the sensors in 

space. There are various applications like superconductivity 

which we could achieve by LTS (Low Temperature 

Superconductor) and HTS (High Temperature 

Superconductor) at certain temperature which is maintained 

by cryogens. For maintaining such a low temperature and 

storage of such cryogens proper study of heat transfer is 

required.  

There are various types of heat exchangers they 

could be classified according to various standards like 

working fluid, construction and design, direction of fluid, 

type of contact etc. Some cryogenic heat exchangers are 

tubular heat exchanger, plate fin heat exchanger, perforated 

plate heat exchanger, sintered metal powder heat exchanger 

used in application. Once application is known than type of 

heat exchanger is selected and analysis of heat exchanger will 

begin. Generally, for analysis of heat exchanger three major 

parameters like overall heat transfer rate due to modes of heat 

transfer, total surface area of the heat transfer and inlet and 

outlet temperature which decide effectiveness of heat transfer 

are required. Cryogenic has different techniques to cool down 

incoming fluid with cryogens. They could be direct, indirect, 

forced, coupled with cryocooler etc. Heat transfer rate is 

based on three modes of heat transfer first of them is 

conduction. In conduction tube material selected to work as a 

heat exchanger is primary factor to improve effectiveness of 

heat exchanger. Different materials have different thermal 

conductivity at cryogenic temperature. Normal tubes can’t be 

used in cryogenic application they need to be manufactured 

from proper heat treatment processes. In cryogenic for solid 

conduction RRR(Residual Resistivity Ratio) of material, 

purity standard of materials, proportion of alloys etc. affect 

the conductive heat transfer rate. For liquid state generally 

thermal conductivity of cryogen decrease with temperature it 

has major convective heat transfer rate i.e N2 has 0.14 Wm-

1K-1 thermal conductivity at atmospheric pressure at 77K 

temperature. For gases thermal conductivity depends on  

mean free path of molecules. For thermal Radiation 

emissivity is directly proportional to 4 power of temperature. 

Insulation of heat exchanger, vacuum gap between inner and 

outer shell, surface finishing and roughness etc. affect the 

heat transfer rate. For cryogens major rate of heat transfer 

could achieve with proper convective heat transfer. It may be 

natural convection or forced convection. While using cryogen 

in liquid state boiling convection is considered as major part 

of convective heat transfer. Prandtl number, Raynold’s 

number, Nusselt number etc. helps to identify convective rate 

of heat transfer. 

In this study, nitrogen gas from 1st coiled finned 

tube type heat exchanger was cooled down by 2nd coiled tube 

heat exchanger with help of liquid nitrogen. In detail study of 

design of 2nd heat exchanger’s vessel, design of coiled tube 

and heat transfer properties were done.  

Rohsenow correlation: 

There are two methods for calculate nucleate pool boiling 

phenomenon which consider as outer heat transfer convective 

coefficient. One is Kutateladze correlation another is 

Rohsenow correlation. From the literature we could study that 

Rohsenow gave better result as well as also predicted result 

does not deviate too much from original result. In Kutaldze 

equation prediction is deviated more than 20% than original 

result so, it was not chosen for calculating nucleate pool 

boiling. 

A. Experimental Procedure: 

The main heat exchanger will be kept in the vacuum chamber 

except the compressor. 

1) First, compress the Nitrogen gas, which is at atmospheric 

temperature and it’s pressure will increase up to 12-14 

bar from the compressor. 

2) Now, this high pressure hot fluid will pass through the 

coil-finned tube of the Heat exchanger where it will 

exchange the heat with returned cold stream. 

3) Then the outlet stream of the heat Exchanger will pass 

through pressure regulator valve to make exhaust to 

atmospheric Pressure. 

4) The outlet of pressure regulator valve will then passed 

through LN2 Bath which is at about 77.36 k Temperature 

for Cooling purpose. 

5) The outlet Stream of LN2 bath is at low temperature and 

pressure, and this low temperature and low pressure fluid 

will again passed through the Shell side of Heat 

Exchanger as a return stream(cold stream).This cold 

fluid will cool down the temperature of incoming hot 

fluid. 
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6) Finally, the output cold stream of the Heat exchanger will 

again compress through compressor and again the whole 

process will repeated. 

7) We measure the temperature at three point inlet of hot 

stream of main heat exchanger, outlet of hot stream of 

heat exchanger and cold stream inlet. We use PTR-100 

temperature sensors to measure the temperature. 

 
Fig. 1: Experimental Set-up 

II. CALCULATION 

A. Inlet Conditions and Available Inputs: 

 Inlet Gaseous Nitrogen Stream  

 TEMPERATURE : 300 K 

 PRESSURE : 15 bar 

 MASS FLOW RATE : 9.0 g s-1 

 DENSITY : 7.014 Kg m-3 

 Stream Condition After Passing Through Regulating 

Valve 

 Temperature : 300k 

 Pressure : 2 Bar  

 Mass Flow Rate : 9.0 G S-1 

 Density : 7.014 Kg M-3  

 Viscosity : 0.0000067357 Ns M-2   

 Specific Heat Cp : 1.1085 Kj Kg-1 K-1 

 STREAM CONDITION AFTER PASSING 

THROUGH 2nd HEAT EXCHANGER 

 Temperature : 83.61 K 

 Pressure  2 Bar  

 Mass Flow Rate : 9.0 G S-1  

 Density : 7.014 Kg M-3 

 Viscosity : 0.0000067357 Ns M-2   

 Specific Heat Cp: 1.1085 Kj Kg-1 K-1 

o Liquid Nitrogen Condition 

 Temperature : 77 K 

 Pressure : 1 Bar  

 Density (Liquid) : 806.59 Kg M-3  

 Density (Vapor) : 4.5565 Kg M-3  

 Specific Heat Cp: 2.0410 Kj Kg-1 K-1 

B. 2nd Heat exchanger-Nitrogen bath design: 

There are different assumptions made in the analysis of the 

nitrogen bath. 

 The pressure drop in the heat exchangers is negligible. 

 The J-T expansion is a perfect isenthalpic process. 

 Heat in-leak in the system is negligible. 

 Effectiveness of heat exchangers and efficiencies of 

expanders are assumed to be 

Constant; their dependence on pressure, temperature and 

mass flow rate is ignored. 

For coiled Tube design 

Diameter of the pipe is assumed as per the standard size 

available in the market. 

Di = 1.41 × 10-2 m 

Do = 1.59 × 10-2 m 

Re =  = 156720 

Nu = 0.023 Re0.8 (Prm)n = 319.3854 

Nu =  

hi = 159.4646 W m-2K-1 

Qnucleate = μ2 hfg ×     

(Where, n for nitrogen = 1.7) 

= 713253 W m-2 

LMTD m =  

= 13.15 

ho =  = 54239 

 =  +  

U = 158.99 W/m2K 

Table 1: 

Q =  = 177.8948 W 

Q = U A (LMTD) 

A= 0.085087 m2 

Perimeter × L = 0.085087 

L = 1.934 m 

no. of turns =  ≈ 5 

For vessel design 

θrad. =  

Now F12 =1 

Where, F12 = As the inner cylinder is completely enclosed by 

the outer cylinder.  

A1= 0.7385 m2 

θrad (Max.) = 16.209  (Just to estimate the upper value of the 

radiation loss) 

λ = 2.3266 m 

Which is much greater than ( Do – Di ) 

Thus there will be free molecular conduction in the closure. 

G = Free molecular conduction coefficient 

G =  × ×Fa 

G = 1.4767 
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θfree molecule = 0.4863 W 

θglass fibre = 6.69 W 

θTotal loss =  23.3869 W 

 ×   =  θLoad 

= 3.943 kg/hr. 

Volume of LN2 required per hour = 5 liter. 

Volume of LN2 required for 3 hour = 15 liter. 

Volume of cylinder required = 45 liter. 

Height of cylinder =  = 0.3248  

III. RESULTS AND DISCUSSION 

 

 
Fig. 2: 

Temperature at different point 
Temperature 

(K) 

Temperature at inlet of heat exchanger 312 

Temperature at outlet of heat 

exchanger 
225 

Temperature at outlet of pressure 

regulator 
236 

Temperature at inlet of LN2 bath 250 

Temperature at outlet of LN2 bath 198 

Temperature at inlet to shell side of 

heat exchanger 
212 

Temperature at outlet to shell side heat 

exchanger 
315 

Table 1: 

From table 1 the effectiveness of heat exchanger 

found which is 87% theoretically expected value was 92%. 

The MATLAB program had validated the design of heat 

exchanger’s components and help to understand various 

properties of nitrogen gas like flow speed, which heat transfer 

rate is more, temperature drop along the tube, pressure drop 

across the tube, frictional loss along with optimization of 

length and diameter of vessel. As we can see from the graph 

that the temperature profile falls exponentially from 100K to 

83.617K. Then the temperature remains constant with the 

length at 83.617K which is the saturation temperature at 2bar 

pressure. The pressure drop in the tube is negligible. If we 

consider the pressure drop in the tube then the temperature at 

coil outlet is lower than 83.617K as with the drop in absolute 

pressure the saturation temperature of gas also lowered. 2nd 

graph shows variation of viscosity is 36% with temperature 

decreases. Similarly density and specific heat varies by 6% 

and 24% respectively.   
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