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Abstract: This paper research on the effect of heat transfer performance of ring wall structure change of ship 
water heater top cricoid hood. A method of equivalent conversion is applied on simplify the structure of finned 
tube heat exchanger, it distinct reduce the computational grid, and improve the simulation speed and accuracy. 
This method can be used to calculate the ventilation and heat transfer of that compact configuration type 
structure in the complex component. Changing the ring wall structure can improve heat transfer performance, 
based on the method of equivalent transformation, a new heat transfer structure is established.  
Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction  
 

Lightweight, environment protection is the main 
direction of world vehicles material technology 
development. Use plastic instead of steel has become 
the development trend of vehicles, plastic play an 
important role in traffic industry with its excellent 
comprehensive performance and price advantage. 
The cricoid plastic parts' shadow appears on various 
vehicles, such as automobile, aircraft, ships, railway, 
road traffic and other fields. British underwater 
missile launch base and underwater space station 
design, Underwater vehicle pressure hull structure 
design, Tokamak device used in nuclear fusion, 
Spacecraft communication satellite configuration, 
etc, are permeated with the design idea of ring  
shell structure. 

The ring structure is the basic structure of nature, 
research on the process and performance of cricoid 

plastic parts has important value of engineering 
application and general applicability. This paper 
research on the effect of heat transfer performance of 
ring wall structure change of ship water heater top 
cricoid hood. 

The cricoid plastic hood structure diagram is 
shown in Fig. 1. The heat exchange performance of 
the louver and lid for the heat pump with structure 
shown in Fig. 1 was studied with the simulation 
technology. It includes five main parts of louver 
(Lower/Mid/Upper), lid, backing plate, evaporator fin 
and fan. The plane expanding image of evaporator fin 
is shown in Fig. 2. 

Finned tube heat exchanger [1-3] consists of 496 
pieces of corrugated aluminum sheet interspersed in 
the 11 copper pipes. Aluminum sheet thickness is 
0.2 mm, aluminum sheet length is 0.2 mm, aluminum 
sheet height is 302.4 mm, the interval between 
aluminum sheets are 2 mm. Air flow in the gap of the 
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aluminum sheet under the action of the fan. 
According to the theory of fluid dynamics, in the near 
wall region of fluid solid coupling flow, it can be 
divided into the wall area and core area, the flow of 
core area is fully turbulent region. In the wall region, 
the effect of wall conditions is obvious by fluid flow. 
The wall surface area can be divided into 3 sub layers: 
the viscous sub layer, transition layer, and 
logarithmic layer. In simulation, the fluid solid 
coupling interface need to encrypt at least 3 layer grid 
can make the results closer to the real situation. Grid 
is a geometric CFD model expression, is also the 
isotopic carrier and the analysis of simulation. The 
quality and number of the grid has an important 
influence on the calculation precision and efficiency 
for CFD computing. The grid mesh transition and 
recognition rate is also very important for simulation 
calculation. 496 aluminum sheets have a compact 
structure, thin size, after the boundary layer mesh 
refinement, the analysis can produces a large number 
of grid, ordinary computer configuration does not 
meet the calculation requirement, simplify the model 
of finned tube heat exchanger is necessary. In this 
paper, the calculation of the cricoid plastic hood for 
ventilation [4-6] and heat exchange is realization by 
two steps.  
 
 

 
 

Fig. 1. Top structure of heat pump. 
 
 

 
 

Fig. 2. Finned tube heat exchanger. 
 
 
2. The FEA Method of Ventilation and 

Heat Exchange Calculation of the 
Cricoid Plastic Hood 

 
According to the theory of fluid dynamics, the 

flow rate and pressure drop will loss when gas 
through the finned tube heat exchanger, and it must 
comply with the flow equation. ΔP=ζ×(1/2)ρ·v2. 
There is a direct relationship between ζ and fan 
rotation frequency, the ζ may not be fixed value in 
the course of the actual operation.  

The fan model is simplified as a circular cylinder. 
The relationship between flow rate and pressure head 
is shown in Table 1. 
 
 

Table 1. The relationship between flow rate  
and pressure head. 

 
Flow rate (m3/h) Pressure head (Pa) 

500 35 
650 27 
700 22 
750 20 
800 16 
900 10 
1000 4 
1040 0 

 
 
2.1. The Relationship of the Pressure Drop 

and the Volumetric Flow Rate of Fin 
Tube Heat Exchanger 

 
Build an equivalent analysis model, according to 

the original size of 3 corrugated aluminum sheets, its 
height is 10 mm, the thickness is 0.2 mm, the interval 
is 2 mm. As shown in Fig. 3, define the four sides of 
the computational domain are symmetry plane, and 
other two sides are input and output. Given entrance 
velocity and direction, V=Q/A. V is the entrance 
velocity, Q is the volumetric flow rate, and A is the 
contact area of air and finned tube heat exchanger at 
the entrance. A=0.37 m2. The relationship between 
fan volume flow and entrance velocity is shown in 
Table 2, and the relationship between fan volume 
flow and pressure drop is shown in Table 3.  
 
 

 
 

Fig. 3. The model of finned tube heat exchanger. 
 
 

Table 2. The relationship between fan volume flow  
and entrance velocity. 

 
Flow rate (m3/h) Pressure head (Pa) 

500 0.3754 
650 0.488 
700 0.5255 
750 0.5631 
800 0.6006 
850 0.638 
900 0.6757 
1040 0.781 
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Table 3. The relationship between fan volume flow  
and pressure drop. 

 
Flow rate (m3/h) Pressure head (Pa) 

650 1.57795 
700 1.71427 
750 1.8532 
800 1.99301 
850 2.13897 
900 2.27992 

 
 
2.2. The Calculation of Energy Efficiency 
 

The finned tube heat exchanger structure is 
simplified to a tensile entity, and it is defined as the 
damping materials for calculation [7, 8]. 

 
KZUNI=β·K1+(1-β)·K2. 

 
Type in: β=VAl/Vheat exchanger, KZUNI is the thermal 

conductivity of finned tube heat exchanger, K1 is the 
thermal conductivity of Aluminum, K2 is the thermal 
conductivity of air, Calculation by Aluminum 6063, 

 
K1=218W/M-K,  
K2=0.02563W/M-K,  KZUNI=24.51W/M-K. 
Q=m·Cp·ΔT 
 
Type in: Q is the absorption of heat per unit of 

time, m is the Mass flow rate, Cp is the air thermal 
conductivity, ΔT is the range of temperature. 
 
 
3. Structure Optimization of the Cricoid 

Plastic Parts 
 

Three different structures of louvers and lid 
termed as T2, T3 and T4 respectively are shown in 
Fig. 4. 
 
 

 
 

Fig. 4. Three different louver and lid structures. 
 
 

This paper research on the effect of heat transfer 
performance of ring wall structure change of ship 
water heater top cricoid hood.  

The type of the fan used is YWF-6E6315-S-
92/35-G. Its normal power is 60 W with rotation 
speed of 920 r/min, maximum airflow of 1040 m3/h 
and pressure range varying from 0 to 50 Pa.  

The tested results of the inlet and outlet 
temperatures at louver and lid location are showed in 
Table 4. 

 
 

Table 4. Inlet and outlet temperatures tested at DUX. 
 

Type T3 T4 
Power (W) 4276 4220 
Max. temp. /°C Water temp./°C 61.8 61.8 

Avg. ambient temp. /°C 
Inlet 43 43 
Outlet 16.8 16.8 

Time to reach max. Temperature 
/Time (Min) 

337 317 

 
 

It was informed that the test result at DUX also 
showed the heat exchange performance of T3 with 
ventilated Louvers was increased by about 20% 
compared to that of T2 without ventilation structure 
on louver.  
 
 
3.1. FEA of the Cricoid Plastic Structure  

of T2 
 

In this paper, the velocity, pressure and 
temperature fields in steady-state were studied. The 
residual curve of the fluid simulation is shown in 
Fig. 5. It can be seen that the residuals of each 
variables was less than 0.0001 at the end of the 
simulation calculation, which can be concluded the 
calculation is converge according to the general 
engineering evaluation criteria.  

The simulation work on T2 louvers without 
ventilation structure was firstly done in order to 
verify the simulation accuracy by comparing with the 
test results achieved at DUX. The simulation results 
were also used for setting up the reference to check 
the improvement of the ventilation designs of T3 and 
T4 louvers and lid respectively. 

Fig. 6 shows the location of the inlet and outlet in 
the cricoid plastic hood. The air flows into the cricoid 
plastic hood from the gaps between the louvers as 
shown in the yellow area. The air flows out of the 
cricoid plastic hood from the location of the fan as 
shown in the green area after the convective heat 
exchange with the fins of evaporator.  

The balance of the mass flow rates of inlet and 
outlet at the end of simulation is listed in Table 5. It 
can be seen from Table 5 that the inlet and outlet 
mass flow rates are equal and meet the law of mass 
conservation. 
 
 

Table 5. Mass of air flow in cricoid plastic hood (kg/s). 
 

Power (W) 
Total Mass 
flow rate 
balance 

Inflow   Outflow  Sum 

2.08969E-
01 

-2.08969E-
01 

3.81717E-
07 
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Fig. 5. Residual curve of fluid simulation. 
 
 

 
 

Fig. 6. The FEA model of T2. 
 
 

Fig. 7 is the distributions of air flow velocities 
and speed vectors in the longitudinal section across 
the center of the cricoid plastic hood, where the red 
line in the left photo shows the location sectioned 
across the cricoid plastic hood. Fig. 8 is the detail of 
air flow velocities. It can be seen that the velocities in 
the location of back vertical wall are less than 
0.5 m/s. The velocities between the gaps of louvers 
and in the small gaps between fins vary from 0.8 to 
1.0 m/s. The velocities of air after passing the fins 
and in the location of the underneath lid are less than 
0.5 m/s. The maximum speed position is at the outlet 
corner area and narrow area in the gaps between 
lower louver and cylinder. It can also be seen from 
the distributions of velocities and vectors that there 
are died corners in the low speed area, which leads to 
less heat exchange and will affect the heat  
exchange efficiency.  

Fig. 9 is the velocity distribution and speed vector 
distribution viewed from a transverse section in the 
upper louver of the cricoid plastic hood as indicated 
by the red line in the left photo. It can be seen from 

Figure 11 that the velocity is almost evenly 
distributed at the air entrance position of the louver, 
but the velocity is increased significantly near the 
backing plate. Because the air cannot flow through 
the backing plate, the air close to outside wall of the 
backing plate was diverted toward the fin position 
where air speed goes significantly high, while the 
flow speed of the air close to inner wall of backing 
plate is very low. The velocity between the fins of 
evaporator is about 0.9 m/s, which affects the heat 
exchange efficiency significantly.  
 
 

 
 

Fig. 7. Velocity distribution and speed vector distribution  
in cricoid plastic hood. 

 
 

 
 

Fig. 8. Detail velocity distribution in cricoid plastic hood. 

Inlet 

Outlet 
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Fig. 9. Velocity distribution and speed vector distribution 
in cricoid plastic hood. 

 
Fig. 10(a) is the temperature distribution in the 

cricoid plastic hood. It can be seen that the air 
temperature reduces after heat exchange with the fins 
of evaporator. Fig. 10(b) is the pressure distribution 
in the cricoid plastic hood with the zero pressure 
represented 1×105Pa. The inlet pressure is higher 
than the outlet pressure.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a)                                       (b) 
 

Fig. 10. Temperature distribution of T2. 
 
 
3.2. FEA of the Cricoid Plastic Structure  

of T3 and T4 
 

It can be predicated that if the air flow velocities 
passing through fins are higher, it will promote heat 
exchange efficiency. To increase the air flow 
velocities, it needs to increase the inlet air flow area 
or volume and to reduce the area or volume of died 
corners. In the paper, the design of T3 and T4 louver 
were to try increase the air flow velocities and reduce 
died corners compared to the structure of T2 louvers. 
The air flow holes were enlarged and increased as 
illustrated. Fig. 11 and Fig. 12 is the FEA model of 
T3 and T4.  

Using the same method of finite element analysis 
on T3 and T4, the velocity distribution and speed 
vector distribution in cricoid plastic hood of T3 and 
T4 is shown in Fig. 13 and Fig. 14, the temperature 

distribution in cricoid plastic hood of T3 and T4 is 
shown in Fig. 15 and Fig. 16. 
 
 

 
 

Fig. 11. FEA model of T3. 
 
 
 

 
 

Fig. 12. FEA model of T4. 
 
 

 
 

Fig. 13. Velocity contours and speed vector of T3. 

Inlet 

Outlet 
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Fig. 14. Velocity contours and speed vector of T4. 
 
 

 
 

Fig. 15. Temperature distribution of T3. 
 
 

 
 

Fig. 16. Temperature distribution of T4. 
 
 
3.3. Comparison of Heat Exchange 

Efficiencies 
 

The heat exchanges of three different structures 
of louvers are summarized in Table 6. It can be seen 
that the heat exchange efficiencies of T3 and T4 
louvers were much improved if compared to that of 
the T2 louvers under that condition that the  
inlet velocities were set at the same value in the 
simulation reported.  

Table 6. Heat exchange in cricoid plastic hood for three 
different structures of louvers (J/s). 

 

Type T2 T3 T4 
Mass flow 
rate (kg/s) 

0.208969 0.262203 0.278912 

Heat 
exchange (J/s) 

9521.901 11331,062 12758.333 

Heat 
exchange 
efficiency 
change (%) 

— 19.0 34.0 

 
 
4. Conclusions 
 

1. The thought of equivalent conversion can 
simplify the structure of finned tube heat exchanger, 
distinct reduce the computational grid, improve the 
simulation speed and accuracy. This method can be 
used to calculate the ventilation and heat transfer of 
that compact configuration type structure in the 
complex component.  

2. Velocity distribution simulated shows there are 
some died corners in the assembly louvers and lid. To 
reduce the area or volume of died corners will 
improve heat exchange efficiency. 

3. Changing the ring wall structure can improve 
heat transfer performance, hole in the ring wall, the 
larger diameter, the higher heat exchange efficiency. 

4. Based on the method of equivalent 
transformation, a new heat transfer structure  
is established. 
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