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  Abstract 

As fossil fuels are depleting gradually with the course of time there is a need in developing innovative 

products that can extract maximum potential that the system can deliver. One of the key area that still make 

use of diesel fuels for experiencing thermal comfort is the boat heating system. Due to its user friendly 

characteristics with low maintenance requirements has still be the benchmark for all other types of heaters. 

Boat cabin heater is an essential setup for all kinds of boats and ship not just for the warmth but also to 

eliminate the dampness that can spread throughout the boat in cold weather. The paper presents the detailed 

analysis of thermal behaviour inside a space heater using computational fluid dynamics technique to study 

the effect of fin numbers and fin location inside the heat exchanger. A total of 11 cases were simulated to 

study the effect of fin on the heat transfer rate and pressure drop. An optimization is done to have maximum 

heat transfer rate with minimum pressure drop and results showed that case number 9 has satisfied the above 

criteria to obtain an effectiveness of 90%.   

Keywords: Analysis, CFD, space heater, boat application, natural convection. 

Introduction 

Due to the harsh climatic conditions offshore, thermal comfort is of prior importance to keep the occupants 

comfortable in a boat or a ship. Space heater is one such device which is used to provide thermal comfort. A 

good boat heating system should have characteristics such as keeping the interior living space warm and dry, 

simple to operate and trouble free, should also be compatible with other systems in the boat, must be 

economical to install and safe to operate (Johnson 2006). In order to fulfil the above criteria, right approach has 



to be adopted during the design and optimization phase. CFD is one such approach that has emerged as an 

effective tool in predicting the performance of the heat exchangers during different stages of development and 

results are of acceptable quality. CFD analysis is usually carried out to study the thermal performance, pressure 

drop, fluid maldistribution and fouling in heat exchangers (Hutta et al. 2012; Soni and Khunt 2015). Present 

design of space heater may be classified as indirect-contact type, recuperative and gas to gas finned tube heat 

exchanger. A key factor in maximizing the effectiveness in any kind of heat exchanger is to increase the 

surface area of fluids contact between hot and cold while minimizing fluid flow resistance. Heat transfer 

enhancement techniques can be broadly classified as active and passive methods. In the present design, fins are 

used to enhance the heat transfer rate which falls under passive method (Kumar et al. 2015; Hatami et al. 2014, 

2015). Fluid vibrator, mechanical agitator, reciprocating plungers, electrostatic and magnetic field generators 

are some of the examples for active methods of heat transfer enhancements. Passive methods can be 

accomplished by inserting coils/twisted tapes, introducing rough surfaces, baffles, extended surfaces, and by 

adding additives to the fluid. Fins have become the most effective instrument for increasing the heat transfer 

rate as we know the transferred heat amount increases with the increase in the area of heat transfer (Ghasemi et 

al. 2014). The principle involved in heating up the room is purely based on natural convection of heat transfer. 

The hot air coming from diesel burner heats up the fins and fins are exposed to cooler air. The temperature of 

the outer surface of the fins is dropped and the temperature of the air adjacent to the fins rises as a result of heat 

conduction from the fins to the air. Therefore, the fins are surrounded by a thin layer of warm air, and heat is 

then transferred from the warmer layer to the outer layers of air. The temperature of the air adjacent to the fins 

is higher and hence its density is lower. Thus, low density or light gas is surrounded by high density or heavy 

gas and by means of natural ways; the lighter gas has to rise. The space vacated by warmer air in the vicinity of 

the fins is replaced by the colder air nearby. Thus, motion which results from the continuous replacement of 

heated air by cooler air is called natural convection current. In the presence of gravity, there is a net force that 

pushes upward a lighter fluid placed in a heavier fluid known as buoyancy force (Cengel 2007). The space 

heater designed works on the natural convection principle. 

 Figure 1 shows set of components that are used in a space heating system. The fuel is generally sucked 

from the existing fuel tank or a separate tank installed only for the operation of room heater. The air for 

combustion is been drawn from outside through combustion air tube that is fitted with inlet silencer for silent 

operation. The aerated fuel is burned inside the combustion chamber that heats up the large surface area of the 

heat exchanger. The exhaust gas is vented through exhaust port. The heat is transferred to the fresh air with the 

help of motor/fan. Electronic systems are used for continuous monitoring of the operation for its safe 

functioning (Mikuni Heating UK Ltd.).  



Different types of space heaters are available in the market in terms of size, shape, heat output, power 

consumption etc. A brief comparison is shown in Table 1 that is manufactured by different manufacturers. 

Figure 2 shows one of the types of space heater that is available in the market. Figure 2 shows rectangular 

types of space heater that are currently in use in the market. One of the drawback in this design is due to its 

asymmetric in nature, the production cost goes high due to large number of operations involved in 

manufacturing such as bending, welding etc. In order to overcome these problems, provided a symmetric 

strategy of design by employing a circular section. Since the pipes are readily available in the market which 

does not require any kind of bending or welding operation thus employing these kinds of sections can reduce 

the overall cost of product (Propex Heating and Leisure Ltd). The second distinct factor in our proposed model 

is the mode in which heat gets transferred to the living space. Most of the existing designs make use of external 

source such as fans in pumping the heat into the living space. But in this design, the heat gets transferred 

through natural convection without the help of any external aid. This was made possible with the help of fins, 

thus solving the problem of natural convection. Among different fin shapes rectangular section are used instead 

of convex and triangular section for reaching higher fin efficiency (Hatami and Ganji 2014a). So far the design 

concept proposed does not exists in the market and has been a novel one for boat applications. To find the 

effect of parameters on the response of a process design of experiment techniques can be made use there by 

aiming for a reduction in both costs and time (Hatami et al.  2015). Fusing fins of different material can 

enhance the space heat performance that would help in storing the heat for a long time (Hatami and Ganji 

2014b). Introduction of porous surface upon the fin body would leads to higher fin temperature that amounts 

for more heat dissipation to the surrounding (Hatami et al. 2013).  

Problem description  

      Present design of space heater used in boats lack in effectiveness to transfer the heat into the room. The 

high cost of production due to large number of spot welds during manufacturing has also emerged as one of the 

demerits. To overcome these problems, a new design has been modeled numerically and CFD analysis has 

been performed to find the optimum number of fins required and its location to achieve the maximum 

effectiveness. 

Numerical modeling  

a. CFD Model 

      Figure 3 shows the space heater that is been designed for the analysis. One of the design constrain in the 

designing process is to keep the inlet and outlet positions fixed with respect to the old relative design. The hot 

air coming out of the diesel burner enters at the bottom of the heat exchanger through the hot air inlet raises to 

the top by transferring the heat to the inner cylinder and then to the fins. The hot air after reaching the top 

moves to the outer cylinder with the help of four L-shaped pipes and changes its direction of flow by moving 



downwards to reach the hot air exit. The hot air after reaching the top moves to the outer cylinder with the help 

of four L-shaped pipes. Hot air coming out of L-shaped pipes changes its direction of flow by moving 

downwards to reach the hot air exit. Due to the heating of fins, the fresh air enters at the bottom of the heat 

exchanger through natural convection, gets heated up and exits at the top. Since the geometry is symmetric 

about its XZ plane as shown in Figure 4. The half sectional model was considered for analysis which would 

help in reducing the mesh count as well as the computational time.   

b.Governing equations 

      The numerical simulation was performed with a three dimensional pressure based steady-state turbulent 

flow system. The following governing equations (1-5) were solved using finite volume bases in ANSYS 

FLUENT (Ansys FLUENT theory guidance, 2011 ; Kumar et al. 2003)   

 

  Continuity equation: + 	+	  = 0                    (1) 

Momentum equations: 

      X-momentum: =	− ̅ + + μ − + μ − +		 μ − 	                 (2) 

Where − 	, − 	 	 − are called Reynolds stresses or turbulent stresses. 
 

      Y-momentum: =	− ̅ + + μ − + μ − ′ +			 μ − ′            (3) 

         

       Z-momentum: =	− ̅ + + μ − + μ − ′ +	 μ − ρw′v               (4) 

 

Energy equation: ρc u + v + w = λ + +         (5) 

 

RNG k-ε turbulence model: This model was derived using a rigorous statistical technique. It is similar to 

standard k-ε model but includes additional term in its ε  equation, effect of swirl on turbulence, analytical 

formula for turbulent Prandtl number and differential formula for effective viscosity. This improved the 

predictions of high streamline curvature and strain rate, separated flow, wall heat and mass transfer and also 

the vortex shedding. In our space heater model, heat transfer plays a major role. Hence, this model is 



implemented in our analysis. The viscous model used in this study was RNG k-ε model whose transport 

equations in general form is given in equation (6-7). (ρk) + (ρku ) = α μ + G + G − ρε − 		Y + S                (6) 

and 

 (ρε) + (ρεu ) = α μ + C (G + C G ) − C ρ 		 − R + S             (7) 

 
 

Mass flow rate of hot gas at inlet: Q = ṁ C (T , − T , )                   (8) 

     Heat exchanger is designed for a maximum heat transfer rate of 3.8 kW. The specific heat of ideal gas is 

taken as 1006.43 J/kg-K. The hot air inlet temperature is 1073 K and hot air outlet temperature is assumed to 

be 298 K. The mass flow rate at the hot air inlet is 4.87 X 10-3 kg/s based on equation (8).  
 

c.Meshing 

      Figure 5 shows the space heater that was meshed using ANSYS ICEM CFD. Tetrahedral meshing was 

done with the mesh count varying from 6.1 M to 8.2 M based on the geometrical features. The mesh quality 

obtained is of acceptable quality to capture velocity and thermal boundary layer effects. Mesh independency 

test was conducted for case number 9 that shows solution obtained is independent of mesh number whose 

details are tabulated in Table 2. 

d.Solver setting and Boundary Conditions 

      The mesh was imported to ANSYS FLUENT. The solver setting for the analysis is given in Table 3. RNG 

k-ɛ model was adopted in predicting the performance of the heat exchanger (Hatami, Ganji, Bandpy 2014 and 

Kar. 2012). The boundary conditions applied at inlets and outlets are shown in Figure 6. Input parameters such 

as mass flow rate and temperature were defined at hot air inlet and pressure at fresh air inlets. For hot and fresh 

air outlets, the condition was set as pressure outlet. Symmetry boundary conditions were applied on the 

sectioned faces of the space heater.   

e.Simulation details 

      The theoretical design calculation is done using effective NTU method. The total heat transfer area required 

to get higher effectiveness was calculated. Based on this, the heat transfer area is taken slightly higher value 

than the theoretical in order to achieve better performance.  A total of 11 cases of space heater were modelled 

and simulated by varying the number of fins spread across different chambers of the heat exchanger. The 

different chambers in the space heater were formed based on the type and condition of fluid flowing in it. Fins 

were installed in these chambers as shown in Figure 7. In order to achieve the maximum effectiveness with 



minimum pressure drop, different fin setup configurations were tried. The details are tabulated in Table 4. The 

number of fins shown in Table 4 refers to the half sectional model of the space heater. Each case were 

modelled separately, meshed and ran for convergence. The convergence criteria followed in the present 

investigation includes stabilization of residuals and mass as well as energy balance (Kumar et al. 2003).    

Results and Discussion 

      As described in simulation section, space heater was examined for the maximum heat transfer rate with 

minimum pressure drop. The results presented here correspond to the full model of heat exchanger of          

case 1-11. Figure 8 shows the heat transfer rate at the fresh air outlet. It can be seen from Figure 8, case-11 has 

the maximum heat transfer rate (3448 W) and case-1 has the minimum value (2990 W). But, heat transfer rate 

alone cannot be considered as the deciding factor in selecting the best design. The reason is that the pressure 

drop due to back pressure at the hot air exhaust is an important factor and should be of minimum value 

(Hatami et al. 2014 & Patil et al. 2013).       

       The pressure drop along the hot air flow path is been documented in Figure 8. We can see that the minimum 

pressure drop is observed for case number 9 and the maximum pressure drop for case number 5. From the above 

factors considered, we can infer case-9 has outperformed of all the cases by recording second highest heat 

transfer rate with minimum pressure drop. Even though case 11 has maximum heat transfer rate, the pressure 

drop observed is due to the presence of fins in the hot air flow path which would act as a barrier. Hence case-9 is 

selected as the best fin configuration of all the cases. Figures 9 and 10 shows the temperature contours 

correspond to case-9. 

Temperature distribution in the heat exchanger 

      Figure 9 shows the temperature distribution contour corresponds to the symmetric plane i.e. XZ-plane of the 

heat exchanger. Since it lies exactly at the middle of the heat exchanger, it can also be called as mid-plane.  Hot 

air enter the heat exchange at 800 ⁰C and as the fluid flows inside, the heat gets transferred into the wall and 

then to the fins. We can observe from the temperature plot that the hot air loses heat as it moves upward and the 

fresh fluid gains the heat. The exit air temperature of hot air is observed to be 98 ⁰C. The fresh air enters the 

space heater at 25 ⁰C and picks up heat from the hot fluid and exists at the top of the space heater.  Figure 10 

shows the temperature distribution profile on fin setups - b, c, d that are present in the space heater. Fin setup-b 

has the highest surface temperature hence most heat transfer rate than the other two sets as it will be the first set 

of fins that will be coming in contact with the fresh hot air at its base. But fin setups-c & d also have an effective 

role in transferring the heat from the hotter side to the colder side. By the introduction of fins on the walls has 

decreased the surface wall temperature while most of the heat is been transferred to the fins there by increasing 



the effective heat transfer rate on the fresh air side. The wall temperature has also increased gradually from the 

bottom to the top of the heat exchanger as it comes in contact with the hot fluid.  

      The temperature contour at the fresh air outlet is been shown in Figure 11. By examining the contour, it can 

be observed that the cold regions that were present in cases -1, 2, 4, 5 and 8, have drastically despaired in cases 

- 9 and 11. Thus, introducing fins at different regions inside the heat exchanger was responsible in increasing 

the outlet temperature at the fresh air outlet to a greater margin. It can also be observed that the center of the 

outlet is been the hottest region with decrease in temperature radially along the circumference. It can be 

inferred from cases 5 and 8 that the installation of fins on hot side of the heat exchanger has much less effect 

on the outlet temperature of fresh air. By this, the options of fins on the hot side region can be eliminated. 

Thus, making case – 9 as an optimum design.     

      The temperature contour at the hot air outlet is shown in Figure 12. The heat that was unaccounted and 

which escaped at the hot air outlet was addressed with the increasing in number of fins inside the heat 

exchanger. These contours reveal how fines were responsible in capturing the energy that was going out as 

waste. The hot regions that are seen in cases -1 and 5 have totally disappeared in case - 9 and 11. By observing 

the outlet temperature contours of cases - 5, 8 and 10, it can be inferred that installing fins on the hot gas flow 

path have less effect on the hot gas outlet temperature than fins that were present on the cold side. Cases - 6, 7, 

and 9 show less hot zone than any other cases due to the presence of effective number of fins on the cold side. 
 

Results summary  

      The case study results were summarised for outlet temperature of fresh air outlet, total heat transfer rate at 

fresh air outlet and effectiveness. With the increases in the number of fins, there is a considerable decrease in the 

hot air outlet temperature with the increase in the fresh air outlet temperatures. The maximum temperature of 

fresh air at outlet-1 is 157ºC and outlet-2 is 96.7ºC of case-10 and case-9 respectively. Effectiveness is 

calculated by taking the total heat transfer rate at the fresh air outlet divided by the total heat transfer rate 

supplied at the hot air inlet which is tabulated in Table 4. Two cases have proven numerically of achieving an 

effectiveness of 90%. The corresponding heat transfer rate and mass flow rate are also shown in Table 5. 

Effectiveness = Total	heat	transfer	rate	at	fresh	air	outletTotal	heat	transfer	rate	at	hot	air	inlet 	X100 

Conclusion 

      In this study, to obtain an optimized design of finned type heat exchanger, 11 heat exchangers with varying 

fin numbers and different fin location were designed numerically. Following conclusions were made based on 

the results. The location of fin setups - b, c & d were found more influential on deciding the temperature range 

at fresh and hot air outlets. Fins were found more effective when installed on the fresh air side of the heat 



exchanger that on the hot air side i.e. (fin setup - a).The wall surfaces that were installed with fins had less 

temperature when compared with the wall surface without fins in the heat exchangers. Fins were responsible in 

solving the issue of natural convection by making the flow possible by creating a temperature gradient across 

the heat exchanger. An effectiveness of 90% was achieved by properly selecting the locations for the fins inside 

the heat exchanger and optimum fins required in achieving the desired effectiveness was fulfilled with case 

number 9.  
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Nomenclature Gk Turbulence kinetic energy due to 
the mean velocity gradients ( m2/s2) 

x, y, z Spatial coordinates (m) Gb Turbulence kinetic energy due to 
buoyancy ( m2/s2) 

u, v, w Velocity magnitude (m/s) k Turbulent kinetic energy ( m2/s2) 
P Pressure (Pa) ε Turbulent dissipation ( m2/s3) 
ρ Density (kg/m3) Q Heat transfer rate (W) 
T Temperature (K) ɑk & ɑɛ Inverse effective Prandtl numbers 

for k and ɛ 
g Acceleration due to gravity (m/s2) Ym Fluctuating dilatation in 

compressible turbulence to the 
overall dissipation rate 

μ Dynamic viscosity (kg/(m.s)) h, c Hot and cold 
Cp Heat capacity at constant pressure( 

J/kg-K) 
i, o In and out λ Molecular mean free path (m) CFD Computational Fluid Dynamics 

m Mass ( kg) RNG Renormalization group 
V Volume ( m3) SIMPL

E 
Semi-Implicit Method for Pressure 
Linked Equations 
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Figure 7: Different chambers inside the space heater and corresponding fin setups. 
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Figure 9: Temperature distribution of hot air, fresh air and fins at its symmetric plane. 
 

 

Figure 10: Temperature distribution on fin setups - b, c, d. 

 

 



 

Figure 11: Temperature contour at the fresh air outlet of Cases 1 - 11. 

 

 

 

Figure 12: Temperature contour at the hot air outlet of Cases 1 - 11. 

 



 
Table 1. Space heaters available in the market (Dickinson Marine SigMarine & Wallas) 
 

Sr. no. Model Size 
(m) 

Fuel Consumption 
(l/hr) 

Heat Output 
(kW) 

1 
Newport 

Bulkhead Mount 
Diesel Heater 

Width: 0.22 
0.2 - 0.5 1.9 - 4.7 Height: 0.5 

Depth: 0.26 

2 
Sigmarine-SIG-

100 

Width: 0.22 
0.15 - 0.36 1.6 - 3.5 Height:0.44 

Depth: 0.25 

3 
Wallas 30 Dt boat 

heater 
- 0.1 - 0.22 1.0 - 2.2 

4 
Propex-HS2800 

Gas Heater 

Width: 0.12 
0.225 2.8 Height:0.41 

Depth: 0.21 
 

Table 2. Mesh independency test 

Mesh 

number 

Mesh count 

(million) 

Fresh air outlet 

temperature – 1 (ºC) 

Fresh air outlet 

temperature -2 

(ºC) 

1 6.8 147.6 95.3 

2 7.4 148.1 96.4 

3 8.2 148.8 96.7 

 
Table 3. Solver setting 
 

 

       

 

 

 

 

 

 

 

  

Discretization Scheme Second order 

Pressure - Velocity 

Coupling 

SIMPLE 

Turbulence Model RNG k-ɛ 

Gravity Enabled 

Residual 1 x 10-5 

Working fluid Hot air - ideal gas 

Fresh air - boussinesq 

Solid Material Aluminium 



 
 
Table 4. Different fin configuration of the designed geometry. 
 

  Case 
number 

Fin configuration  Total 
number of 

fins for half 
model 

Fin setup with number of fins 
a b c d 

1 0 0 0 0 0 
2 0 6 0 0 6 
3 0 6 6 0 12 
4 0 12 0 0 12 
5 12 0 0 0 12 
6 0 6 6 6 18 
7 0 12 12 0 24 
8 12 12 0 0 24 
9 0 12 12 12 36 
10 12 12 12 0 36 
11 12 12 12 12 48 



Table 5. Result summary 

Case 
number 

Outlet temperature of fresh air 
at 

Outlet – 1, 2  
(ºC) 

Total heat transfer 
rate at fresh air 
outlets      (kW) 

Effectiveness 
(%) 

1 
97.6 

2.98 78.42 
91.8 

2 
115.1 

3.1 81.5 
84.2 

3 
133.7 

3.22 84.93 
81.9 

4 
123.6 

3.19 84.1 
80.8 

5 
97.4 

2.98 78.62 
91.5 

6 
131 

3.32 87.33 
91.4 

7 
156.7 

3.3 86.88 
77.3 

8 
122.9 

3.17 83.62 
80.4 

9 
148.8 

3.43 90.17 
96.7 

10 
157 

3.32 87.42 
77.2 

11 
151.6 

3.44 90.79 
95.6 

 
 




