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.Abstract – This paper presents the overall design and development of heat pump for large capacity fish storage tank. Temperature is 

the most important factor with regard to quality and shelf life of fish. Temperature of the fish storage tank can be maintained upto28◦C 

using some water heating technologies available in the market. The proposed system will be able to maintain water temperature within 

28-40◦C optimum range with reduced cost of electricity.  The aim of this paper is to summarise the methodology to develop heat pump 

as per the requirements to enhance the life of the fish. 
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1 INTRODUCTION                                                                     

With the growing demand of seafood products across the 

world, the dynamic of seafood business is changing fast. For this 

industry, fish storage is the most important aspect. Optimum 

storage temperature is the most important factor to maintain the 

quality of fish as long as possible. Even slight variations from 

proper storage temperature can result in shorter shelf life and 

weaken immune system.  

 

1.1 Need to mainatain optimum temperature 

Most aquatic animals are cold blooded. Their metabolism 

speeds up and slows down according to surrounding temperature. 

Sometimes temperature variation may lead to white spot disease. 

Each organism is adapted to survive best at a given range of tem-

peratures. If the tempearature changes too drastically, their me-

tabolism will not function, decreasing their ability to survive and 

reproduce. Hence, the very basic requirement for fish storage is 

maintaining a temperature which is comforatable for them. 

 

1.2 Competing technologies 

      There are several competing solutions to attain optimum tem-

perature within the system such as solar heaters, boilers, electric 

heaters. However, out of these water heating technologies, heat 

pump is the most efficient and cost saver technology.  

 

1.3 Heat pump 

       Heat pump is a machine that can pump heat in both direc-

tions. Heat pump can produce about 3kW thermal energy for eve-

ry 1kW of energy consumed, giving an effective efficiency of 

300%. High efficiency results in lower electric bills. It has lower 

maintainance cost and short payback period. 

 

1.4 Environmental benefits 

     The environmental benefits, as lower carbon dioxide emis-

sions, with heat pump will depend on how the electricity is gen-

erated and how the heat supply is provided before the implemen-

tation. Because heat pump systems do not burn fossil fuels for 

heat production, they generate far fewer greenhouse gas emis-

sions than a conventional heating technology 

. 

1.5 Present scenario 

      Now-a-days, in almost all the aquariums electric heaters are 

used. These heaters are of different capacities. If these electric 

heaters are used for large capacity storage tank, electric bill will 

be higher. Whereas, in case of heat pump, as its COP is 2-3, elec-

tricity consumption is reduced to upto 60-67% for same capacity 

storage tank. 

 

2 POTENTIAL LOADS 

The first law of thermodynamic is applied for the tank system 

when an ideal mixing is considered in eqn (1.a) : 

Considering a prototype model of 1000 litre capacity. 

m cp dT/dθ = Qnet – W                                                           (1.a) 

 

There is no net work done in tank, hence W=0. It is given in 

eqn (1.b): 

 Qnet =   m cp dT/dθ                                                       (1.b)                                                                                                          

And Qnet  is represented in eqn (1.c) 

 

Qnet = ∑{Qin - Qout}                                                           (1.c) 

 

Then  

 

m cp dT/dθ = ∑{Qin – Qout}                                              (1.d) 

 

In this expression, ∑Qout represents all of the heat losses. The 

left hand side of equation (1.d) corresponds to the change of in-

ternal energy of the water tank. In the present study, the heat add-

ed to the tank through the heat pump is presented by (Qin). This 

formula will be used in present study for the thermal analysis of 

water tank. 

 

2.1 Evaporation process 

 

2.1.1 Evaporation Mass Loss 

Many evaporation rate empirical correlations are available 

with margin of errors, which depends on the range of the imple-

mented experimental data in their formulation. The evaporation 

rate represents the principal component of the predicted heating 

load that is required for the water tank, it comoses about (65-70) 

% of total heat loss from a tank. Hence, a careful consideration 

has to be presented in the selection of such correlations for the 

design needs. Tanks typically lose more than (50 %) of the heat 

placed in the tank by the heater. The amount of evaporated water 

can be predicted from available empirical equation (2) 

  ṁ hfg  = As { ( 30.6 + 32.1 uwind ) (pw,sat – pa,Dew) }                          

(2)  

ṁ hfg  = 3.92 kW 

The pressure difference in the above equation has (mm. Hg) 
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units. It is obvious that the evaporation rate is proportional to the 

environment and climate conditions such as temperature, humidi-

ty and wind speed.  

 

 2.1.2 Evaporation Heat Loss  ( Qevap )  

The heat load supplied to the pool is required to compensate 

among others the heat rejected away from the surface due to 

evaporation. Most of the heat required for the evaporation is tak-

en from the water itself. To maintain the water temperature heat 

must be supplied. The required heat supplied to cover the evapo-

ration loss can be calculated from:  

 

Qevap = ṁ hfg                                                                    (3)  

         = 3.92 

Evaporation latent heat of water was taken at the pool temper-

ature.  

  2.2 Convection Loss ( Qsurface )  

The heat loss from water surface due to convection should al-

so be compensated as a part of the total design requirements. It 

mainly depends on the ambient air heat transfer coefficient and 

potential temperature difference between the ambient climate and 

tank value. The temperature difference is a time dependent varia-

ble, but for conservative steady state heat loss estimation, it may 

be considered at its highest possible value to maximize the losses. 

This heat loss was estimated from the following eqn (4)                                                                        

 

Qsurface = αs ∆Taw As                                                                                          (4)  

            =23.6* 23* 1 

           = 0.542 kW 

The heat transfer coefficient ( αs ) for an outdoor tank was 

found by eqn (5)                                                                            

 

αs = 3.1 + 4.1 uwind                                                                                           (5)   

    = 3.1 + (4.1* 5) 

    =23.6                                                                                             

 

2.3 Inertia Heating-up Load ( ̇QHeat-up )  

This component of total heat load represents the amount of 

energy rate to be added to raise the temperature of the pool from 

its initial to the set point value. This load can be calculated from 

eqn (6):  ̇                                                                             

 

QHeat-up = (v ρ cp ∆Twater)/∆θ                                   (6)  

            = 1ooo*4.19*(28-5) 

            = 26.7 kW…..for 3 hours 

            = 9   kW …for 1 hour 

 

The heating-up time (∆θ) is a major factor which controls the 

amount of energy required for the water tank during occupancy 

and preheating for the next day. Hence, a considerable attention 

should be paid for this part of the design load demand when a 

water tank is to be designed.   

 

2.4 Side Walls Convection-Conduction ( QConv, Cond )  

The heat loss through the walls of the tank is composed of two 

heat transfer modes. The convection and conduction modes are 

the predominant and estimated from eqn (7):   ̇                                                                   

 

(QConv,Cond)= Uwall Awall ∆Taw                                                                               (7)  

                 = 11* 1* 23 

                 = 0.253 kW 

The overall heat transfer coefficient Uwall is determined by the 

material and thickness of the composite wall structure.  

 

2.5 Ground Conduction ( QGro )   

Conduction between the water tank and ground is in most cir-

cumstances accounts for less than (1) % of the total energy loss 

from the tank. This component is usually ignored when the tank 

is sitting firmly on the ground due to the small temperature dif-

ference between the tank bottom and ground, hence (QGro) =0. 

 

  2.6 Radiation Heat Loss (Qrad )   

The long-wave radiation heat lost from the tank water surface 

is usually estimated from the general radiation formula in eqn 

(8.a) as: 

   

Qrad = As ε σ {Ts
4 – Tsky

4}                                          (8.a)   

       = 1* 0.9* 5.67* 10-8 (3014 –  2784 ) 

       = 0.11408 kW 

 

Where, ε is given in eqn (8.b) 

 

 ε = 0.9                                                                       (8.b) 

 

And, σ is given in eqn (8.c) 

 

 σ = 5.67 * 10-8 (W/m2K4)                                          (8.c) 

                                                                                                                                                        

The sky temperature (Tsky) depends on the condition of the at-

mosphere, cloudy or clear and day or night time.  

 

3. THERMAL DEMAND ASSESSMENT   

There are many design schemes and procedure philosophies 

available in the open literature to estimate the energy manage-

ment of a water tank with a scatter of accuracy limits. A simple 

procedure was suggested at the present work for preliminary 

heating load estimation for an over-ground outdoor water tank.   

The evaporation process reduces the temperature of the tank 

surface due to the latent heat of vaporization drawn from the tank 

water body. The convective process cools or warms the liquid 

surface according to value of the ambient air. It cools if the air 

temperature is lower and warms if the air temperature is higher. 

Therefore, it depends mainly on the direction of heat flow, in or 

out of the water tank. The possible minimum temperature that the 

water surface can attain is the wet-bulb temperature of the ambi-

ent air due to equilibrium conditions.    

The total design load to heat and maintain the tank at set point 

temperature may be expressed in eqn (9) as: 

 

QDesign = QHeat-up + Qevap + QConv,Cond  + Q surface  + Q rad  - Q rad,sw      

 ̇         ̇        ̇      ̇           ̇           ̇     ̇                                          (9)   

          The evaporation component is the predominant among 

other losses mechanisms. It is inevitable and significant during 

the tank occupancy and composes almost the principal heat loss 

source.   

Since the tank water and ambient air temperatures vary with 

time, hence the convection-conduction component could be a 

heat gain or loss with respect to atmosphere. This adds another 

complication to the assessment task of thermal mechanism during 

heating up of the tank. During night time the ambient temperature 

falls below the tank and heat loss is evident to the ambient. Dur-

ing the initial heating up, the tank temperature passes through 

both modes of loss and gain with time. For conservative heating 

load evaluation, the heat transfer through the tank walls was con-

sidered as a heat loss to the ambient temperature. Further, the 

short- wave heat gain (Q rad,sw ) due to radiation was neglected to 

be within the safety factor for the conservative thermal load anal-

ysis, hence eqn (10) gives:   
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QDesign = QHeat-up + Qevap + QConv,Cond  + Q surface  + Q rad   

 ̇         ̇        ̇      ̇            ̇          ̇                                               (10)   

           = 9+ 3.92+ 0.542 +0.253 +0.11408 

           = 13.83 kW 

4 METHODOLOGY  

The energy and load assessment of the storage tank is quite diffi-

cult task to e handled in full details due to several different pa-

rameters which should be considered in their design. These vari-

ables experience a time dependent fluctuation during the day and 

night time. The heat balance is also being affected by the place of 

tank installation. For outdoor tank, the heat balance of the tank is 

governed by the weather conditions such as solar radiation, air 

and sky temperatures, humidity and wind speed. 

 

Superheat 1-1’= 5◦C 

Subcooled 3’-3 = 5◦C 

Sg1 + Cpv ln (T1sup/T1) = Sg2 +Cpv (T2sup/T2) 

1.7274 + 1.218 ln (278/273) = 1.7059 + 1.218 (Tsup/T2) 

T2sup = 334.77K 

T2 = 61.77◦C 

Now, 

 h1 = hg1 +Cpv (Tsup1’-T1) 

     = 398.7 + 1.218 (5) 

     = 404.79 

 

h2 = hg2 + Cpv (Tsup2 – T2) 

     = 423.6 + 1.218(5) 

     = 429.69 

 

h3 = h4 = h3’ – Cpf (T3’ – T3) 

            = 271.6 – 1.569(5) 

            = 263.755 

 

Condensing effect = h2-h3 = 165.935 

Mass flow rate of refrigerant = (Total heat load)/(h2-h3) 

                                                = (2.84*211)/(165.935) 

                                                = 2.6112 kg/min 

 

4.1 Condensor calculation method: 

Condensor side: - As the condenser side is in contact with 

main system, the desired output is obtained at the condenser side. 

The condenser system is nothing but the heat exchange taking 

place between refrigerant and water tank side. To get the the effi-

cient rate of exchange of heat between water and between refrig-

erant side a suitable heat exchanger should be designed. So the 

parallel flow shell and tube heat exchanger is chosen as per the 

demand of the system. This arrangement gives rise totemperature 

increase of 23◦C which is required. 

Design of the shell and tube heat exchanger is done by nusselt 

no. method given by [1]: 

 

Nus = 0.36 Res0.55 Prs1/3                                                                        [1] 

 

Where Prs is the dimensionless group Prandtl and Res is the 

Reynolds number. The Nusselt no. and the Reynolds no. are de-

fined by [2] and [3] respectively: 

 

Nus = (hs* Deq)/ks                                                         [2] 

 

Res = (Deq *vs*ps)/μs                                                    [3] 

 

The equivalent diameter is a function of the outer diameter 

(dte) and the tube pitch (ltp), and also depends on the layout of 

heat exchanger given by [4]: 

 

Deq = (4 ltp2) / (π dte)                                                    [4] 

 

The flow velocity is given by [5]: 

 

Vs = (ms) / (ps Ar)                                                          [5] 

 

Where ms is the shell mass flow rate and Ar is the flow area 

between adjacent baffles, which can be described by [6]: 

 

Ar = Ds FAR lbc                                                             [6] 

 

Where Ds is the shell diameter, lbc is the baffle spacing and 

FAR is the free area ratio, that is given by [7]: 

 

FAR = (ltp – dte) / ltp = 1- (dte/ltp) = 1-(1/rp)              [7] 

 

4.2 Tube side: - The tube side Nusselt no. is given by [8] and 

[9]: 

 

Nut = 0.023 Ret0.11Prtn                                                                      [8] 

 

Nut = (ht dti) / kt                                                          [9] 

 

The Reynolds no. is given by [10]: 

 

Ret = (dti vt pt) / μt                                                     [10] 

 

The pressure drop in the tube side flow (∆Pt), considering 

constant physical properties is given by [11]: 

 

(∆Pt/pt g) = (ft Npt l vt2/ 2 g dtl) + (K Npt vt2/ 2g)    [11] 

 

The expression of the overall heat transfer coefficient (U) is 

[12]: 

U = 1/[(dte/dti ht)+(Rft dte/dti)+(dte ln {dte/dti}/2 

ktube)+Rfs+(1/hs)]                                                         [12] 

 

The logarithmic mean temperature difference (∆Tlm) de-

scribed by [13]: 

∆Tlm = [(Thi –Tco)-(Tho –Tci)]/ln[(Thi –Tco)/ (Tho –Tci)] 

[13] 

 

The heat transfer rate equatin is given by [14]: 

Q = U Ar ∆Tlm F                                                        [14] 

Where Q is the heat load and Ar is the required area  

 

4.3 Evaporator Calculations: 

As evaporator side is in direct contact with the surrounding, 

the efficient way is to choose fin tubed heat exchanger so that 

maximum heat is absorbed from the surrounding. 

Aroot = πDr 

Do = Dr + 2H 

Af1 = (Do2 – Dr2)*(π/2) 

Ar = [1- (Nf * Y)]*Aroot 

 

Dimensions: 

   Dr = 3/8 inches = 0.375 inches 

   Do = Dr + 2H = 0.768 

   H =5mm, Y = 2mm (0.0787 inch) 

   No of fins/square inches (Nf) = 5.64 fins/inches 
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No of tubes required: 

     Aroot = πDr = π*0.375 = 1.178 inches 

     Af1 = (0.7632 – 0.3752)*(π/2) = 0.7056 

     Af2 = Nf *Af1 = 3.97 inch2 

     Ar = [1- (Nf * Y)]*Aroot = 0.5561*1.178 = 0.6551 inches2 

       Af3 = (π* Nf*Y*Do)/2 = 0.5754 inch2 

       APF = (Af1+Ar+Af3)/12 = 0.1580 inch2/ inch length 

                                            = 101.93528 mm2/ inch 

                                            = 40.13 mm2/cm 

                                            = 4013 mm2/m (Assuming tube 

size = 1m) 

Area calculated from evaporator load = 1.6089 m2 

                                                                                           = 1.6089*105 mm2 

No of tubes = 400.922 

 

4.4Performance of R134a as an Alternate to R22- 

Ozone Depletion and Global Warming has always been prime 

environmental alarming factor with major repercussion. Ozone 

layer is quite helpful in cleaning all the harmful ultraviolet rays 

of the sun through the absorbing maximum of the damaging ul-

traviolet radiation. 

As per Montreal Protocol, R22 is going to be phase out due to its 

negative impacts on environment e.g. ozone depletion potential 

(ODP) and global warming potential (GWP). R-134a has zero 

ODP and considerably GWP as compared to R22. 

 

 

5. RESULTS AND DICUSSION 

The heating load estimation for a water tank depends mainly 

on the philosophy of its use. The limitations of its usage are in 

regard of outdoor or indoor, private or public, size, season and 

mostly the climate condition.  

 

6. CONCLUSION 

There are many ways of heating water. In this study large ca-

pacity of water needs to be heated with the help heat pump. A 

heat pump system can provide both heaing and cooling. It is least 

expensive method of heating. It is also the most energy efficient.  
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