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Abstract: This study established a comprehensive system to investigate heat and humidity 
transfer involving aquatic holding tanks' walls and exposed water surfaces and the indoor 
environment. We manipulated tank water temperature and circulating pool water volume. 
Measurements included air temperature and humidity within the experimental chamber, 
tank wall temperatures, condensation levels, and various parameters related to heat 
exchangers and circulating water in both tubular and shell processes. The analysis 
characterized heat and moisture transfer coefficients on horizontal and vertical tank 
surfaces across different water temperatures. Notably, we identified correlations for these 
coefficients in the literature and established a linear relationship between water vapor 
diffusion and aquaculture pool water volume. These findings have practical implications 
for calculating air-conditioning loads in aquatic market buildings and heating/cooling 
needs in holding tanks. 

Keywords: aquatic tanks; heat and moisture transfer; convective heat transfer; wet transfer; 
vapor diffusion coefficient. 

1. Introduction 

Improved living standards have led to the proliferation of aquatic markets[1]. However, energy 
efficiency and emissions reduction challenges in these buildings persist. Currently, load 
calculations for aquatic market buildings, especially those for tank cooling and heating, rely 
mainly on estimation, lacking precision. Variations in aquatic product types result in different 
tank temperatures, typically ranging from 5 to 20℃ [2]according to market research. These 
temperature variations impact the indoor heat and humidity environment. Hence, precise 
calculations of heat and humidity transfer between tanks and indoor air are vital for aquatic 
markets. 

Various factors impact heat and moisture exchange on staging pond water surfaces, including 
water and air conditions and disturbances caused by water circulation and airflow. While 
empirical experiments are essential[3], previous work by Sobin VM[4] provided empirical and 
analytical methods for these exchanges, albeit under different airflow conditions. Robert L. 
Stree[5] applied the rough wall defect theory to study direct-contact heat and moisture transfer, 
though this differs from staging pond water surfaces. Xing Wei[6] used CFD simulations and 
experiments for uniform air-water heat and moisture transfer but without providing an empirical 
formula, making it less suitable for engineering calculations. Common formulas for water vapor 
evaporation under atmospheric pressure[7-8], often used for indoor heat and humidity 
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calculations, require validation for holding tank conditions. Additionally, heat and humidity 
transfer between wall surfaces and air depends on various factors, including wall angles and 
airflow directions. Literature [9] offers formulas for natural convection heat transfer but doesn't 
consider wet surfaces, necessitating formula selection and calibration for glass wall surfaces in 
holding tanks. 

This study refines calculation formulas for heat and humidity exchange coefficients involving 
the transient pool's open water surface, horizontal and vertical pool walls, and indoor air. 
Calibration of these formulas is performed using experimental data obtained from heat and 
humidity transfer tests within the transient pool. The outcomes provide a solid theoretical basis 
for precise heat and humidity load calculations in both transient pools and aquatic market 
buildings. 

2. Heat Transfer Characteristics Testing in Holding Tanks 

2.1 Experimental Test Methods and Operating Conditions 

The experimental system for studying heat and humidity transfer in the holding tank (Figure 1) 
includes a refrigerant preparation system, a heat exchanger, the holding tank, an experimental 
chamber, temperature and flow measurement equipment, and wall-mounted dew collection units. 
The refrigerant system consists of a 2 kW frequency-conversion refrigeration unit with 10% 
sodium chloride aqueous solution as the refrigerant. A GP-125 centrifugal pump circulates water. 
The heat exchanger uses titanium tubing for refrigerant and a shell for 3.5% sodium chloride 
pool water. The temporary pool is made of 12mm transparent glass, measuring 1m×0.5m×0.8m, 
with a volume of 150L. An intelligent control pump, WAP-3000, circulates water in the 
temporary pool. The experimental chamber measures 2.9m×2.6m×2.8m and is constructed from 
foam sandwich color steel plates. Dewwater from the pool walls is collected in a simple tank, 
with separate collection for vertical and horizontal walls. Table 1 lists experimental parameters 
and instruments. 

 

Figure 1 Experimental system and measurement point arrangement 



Note the following parameters: ① Heat exchanger (HE); 𝑇ଵ, 𝑇ଶ, 𝑇ଷ, 𝑇ସ :Inlet and outlet 
temperatures for chilled water in the heat exchanger tubes and temporary pool circulating water 
in the shell process; 𝑇ହ : Temperature at three points on the temporary pool's outer wall; 
𝑇଴.ଵ𝜑଴.ଵ, 𝑇ଵ.ଵ𝜑ଵ.ଵ, 𝑇ଵ.଻𝜑ଵ.଻: Temperature and humidity measurements at different heights in the 
experimental chamber; 𝐺ଵ, 𝐺ଶ: Flow rates of chilled water and holding tank circulating water. 
As show in figure 2. 

 

Figure 2 Staging pond for experimental testin 

Table 1 Test parameters and instrumentation 

test parameter Instrument name Measurement range accurate 

Air temperature, humidity HOBO data loggers 20~70℃1%~95%RH ±0.21℃±5% 

𝑇ଵ, 𝑇ଶ, 𝑇ଷ, 𝑇ସ  and 𝑇ହ K thermocouple -40~125℃ ±0.5℃ 

𝐺ଵ LZT-15 2~18L/min ±0.2L/min 

𝐺ଶ Ultrasonic flowmeter 10~60L/min ±0.2L/min 

The experimental setup, as outlined in Table 2, involved sealing the experimental chamber and 
initiating the circulating water pump and refrigeration unit. The refrigerant outlet temperature 
was meticulously adjusted, gradually reducing the water temperature in the temporary pool until 
it reached a stable, constant level. These controlled conditions ensured the accuracy of the 
experiments.  

Table 2 Experimental working condition parameters 

pool water temperature (℃) G1(L/min) G2(L/min) 

5 16 20, 30, 40, 50 

10 16 20, 30, 40, 50 

15 16 20, 30, 40, 50 

20 16 20, 30, 40, 50 



2.2 Methods for Experimental Data Processing 

2.2.1 heat balance 

The heat exchange capacity of the tube course in the heat exchanger of the holding tank is 

1 ,The shell heat exchange is 2 . The formulae are： 

 𝛷ଵ ൌ 𝐺ଵ𝐶௣ଵሺ𝑇ଶ െ 𝑇ଵሻ (1) 
 𝛷ଶ ൌ 𝐺ଶ𝐶௣ଶሺ𝑇ଷ െ 𝑇ସሻ (2) 

If 1 2

1

100% 5%
  

 


,it is considered that the heat balance error is minimal, thereby 

validating the reliability of the experimental data. The heat transfer Φ of the heat exchanger is 
calculated using the following equation. 

 Φ ൌ
஍భା஍మ

ଶ
 (3) 

The formula is as follows: Φ: Heat exchange capacity (W). 𝐺ଵ, 𝐺ଶ: Mass flow rates of tube and 
shell fluids (kg/s). 𝐶௣ଵ, 𝐶௣ଶ : Specific heat capacities of tube and shell process fluids (J / 
(kg · ℃)). 𝑇ଵ, 𝑇ଶ, 𝑇ଷ𝑎𝑛𝑑𝑇ସ: Inlet and outlet temperatures of tube and shell fluids (℃). 

 Φ ൌ 𝑄ଵ ൅ 𝑄ଶ ൅ 𝑄ଷ (4) 

Equation: 

𝑄ଵ, 𝑄ଶ, 𝑄ଷ:Heat exchange between the open water surface, vertical wall, horizontal wall, and 
room air of the holding tank (W). 

𝑄ଶ and 𝑄ଷ can be determined using the wall material's thermal conductivity formula, and this 
enables the calculation of the convective heat transfer coefficient between the wall and indoor 
air. For Q_1, the coefficient for water evaporation or condensation at the pool water-air interface 
is computed through heat balance. 

2.2.2 Wet volume balance 

Indoor air humidity balance: 

 ∆𝑊 ൌ 𝑊ଵ ൅ 𝑊ଶ ൅ 𝑊ଷ (4) 

In the formula: 

∆W: represents changes in indoor air humidity (g/h). 𝑊ଵ, 𝑊ଶ, 𝑊ଷ indicate moisture exchange 
amounts between the open water surface, vertical wall, horizontal wall, and indoor air of the 
holding tank (g/h). 

 ∆𝑊 ൌ 𝑚ሺ𝑑ଵ െ 𝑑ଶሻ (5) 

Equation: m represents indoor air quality (kg). 𝑑ଵ and 𝑑ଶ denote the calculated initial and 
final indoor room humidity content over the specified time period, respectively (g/kg). For 
humid conditions, 𝑊ଶ  and 𝑊ଷ  were collected from the side wall and bottom sinks of the 
holding tank, 𝑊ଵ and was calculated as ∆W minus the sum of 𝑊ଶ and 𝑊ଷ. For dry conditions, 
𝑊ଶ and 𝑊ଷ were both set to zero. 



3. Theoretical calculation model 

Heat and moisture exchange in the holding tank involves both the tank's open water surface and 
its walls. 

3.1 Open water surface 

Figure 3 presents a physical model demonstrating heat and moisture exchange in open water. 

 

Fig. 3: Physical Model of Heat and Moisture Exchange on an Open Water Surface. 

The heat (𝑄ଵ) and moisture (𝑊ଵ) exchange between the open water surface and the indoor air 
are computed as follows. 

 𝑄ଵ ൌ ℎ௠ௗଵሺ𝑖 െ 𝑖௜ሻ𝐴ଵ (6) 

 𝑊ଵ ൌ ℎ௠ௗଵሺ𝑑 െ 𝑑௜ሻ𝐴ଵ (7) 

Equation (6) defines the heat exchange (𝑄ଵ) between the open water surface and indoor air in 
watts (W). It involves crucial parameters:𝐴ଵ:The contact area between the open water surface 
and indoor air in square meters (m2). ℎ௠ௗଵ: The moisture transfer coefficient in kg/(m2-s).𝑖 and 
𝑖௜:Enthalpy of indoor air and saturated air at water temperature in J/kg. 𝑊ଵ:The wet exchange 
volume in g/s, representing moisture transfer rate. The formula for 𝑊ଵ  is ሺ𝛼 ൅
0.00013𝑣ሻሺ𝑃௤൉௕ െ 𝑃௤ሻ𝐴ଵ

஻

஻ᇲ，In this formula: 

𝑃௤൉௕ and 𝑃௤: Water vapor partial pressures in Pa, accounting for moisture pressure. 

B and 𝐵ᇱ : Atmospheric pressure in kPa, addressing pressure variations.𝑣 :Air flow velocity, 
assumed as 0.3 m/s. 𝛼:Water vapor diffusion coefficient, set at 0.00017 kg/(m2-h-Pa)[7]. 𝑑 and 
𝑑௜—Humidity content in g/kg, indicating moisture levels. 

3.2 Walls of holding tanks 

When the temporary pool wall temperature is below the indoor air's dew point, condensation 
occurs (wet condition). When the wall temperature is above the dew point, only heat exchange 
transpires (dry condition). 

3.2.1 Dry working conditions 

Figure 4 depicts the simplified physical model for heat transfer calculations on the dry condition 
of the holding tank wall. Assumptions include one-dimensional thermal conductivity[9] through 
the tank wall and the inner wall's temperature being the same as the pool water, neglecting 
convective thermal resistance between the inner wall and the water.  



 

Fig. 4 Physical model for dry condition heat transfer calculation 

The heat transfer from the walls of the holding tank was calculated as follows [9]: 

 𝑄 ൌ ℎଵሺ𝑇௪ െ 𝑇௪ଵሻ𝐴 ൌ
ఒ

ఋ
ሺ𝑇௪ଵ െ 𝑇௪ଶሻ𝐴 ൌ ℎሺ𝑇௪ଶ െ 𝑇௔ሻ𝐴 (8) 

In the equation: 

𝑄—Heat transfer from the pool wall, W; 

𝜆—Thermal conductivity of the temporary pool wall, W/(m-K); 

𝛿—Thickness of the holding tank wall, 0.012m; 

A—Heat transfer area of the pool wall, m2; 

𝑇௪—Temperature of the holding tank's pool water, ℃; 

𝑇௪ଵ, 𝑇௪ଶ—Wall temperature inside and outside the holding tank, ℃; 

𝑇௔—Indoor air temperature, ℃; 

ℎଵ, ℎ—Convective heat transfer coefficients on the temporary pool wall water-side and air-side, 
W / (m2- ℃). The convective heat transfer coefficient h on the air-side of the temporary pool 
wall needs to be distinguished between vertical and horizontal walls. For vertical walls, h is 
calculated using equations (14) and (14)[10], while for horizontal walls, h is calculated using 
equations (10) and (14)[11]. The mean temperature is represented as 𝑡௠ ൌ ሺ𝑇௪ଶ ൅ 𝑇௔ሻ/2. 

 𝑁𝑢 ൌ
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వ
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ఴ
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 (9) 

 𝑁𝑢 ൌ ቊ0.54 ∗ 𝑅𝑎
భ
ర          2 ൈ 10ସ ൏ 𝑅𝑎 ൏ 8 ൈ 10଺

0.15 ∗ 𝑅𝑎
భ
య          8 ൈ 10଺ ൏ 𝑅𝑎 ൏ 10ଵଵ

 (10) 

 𝑅௔ ൌ 𝐺𝑟 ൉ 𝑃𝑟 (11) 



 𝐺𝑟 ൌ
௚ఈ∆்௟య

ఔమ  (12) 

 𝑃𝑟 ൌ
ఔ

ఘ
 (13) 

 h ൌ
ே௨

௟
𝜆 (14) 

Equation: Nu : Nusselt number; 𝑃𝑟 : Prandtl number; 𝐺𝑟 : Grashof number; Ra: Rayleigh 
number; 𝑔 : gravitational acceleration; 𝛼 : coefficient of volumetric thermal expansion; 𝜈 : 
kinematic viscosity; 𝑙 : characteristic length, 0.3 m for vertical walls and 0.75 m for horizontal 
walls; Δ𝑇 : temperature difference; 𝜌 : air density; 𝜆: thermal conductivity. 

3.2.2 Wet working conditions 

Figure 5 depicts the physical model employed for heat transfer calculations under wet conditions 
of the temporary pool wall. To streamline theoretical calculations, several assumptions are made 
in line with scientific conventions:1) The thermal resistance of the water film on the wall's 
surface is disregarded; 2) The temperature difference between the wall temperature of the outer 
wall of the holding tank and the surface of the water film is neglected; 3)The Lewis relation is 
applied in accordance with the experimental conditions of the holding tank, as follows: 

 
௛

௛೘೏
ൌ 𝑐௣ (15) 

In the equation: 

ℎ:Air convection heat transfer coefficient of the wet temporary pool wall surface, W/(m²·°C). 
ℎ௠ௗ: Wet transfer coefficient of the wet temporary pool wall surface, kg/(m²·s).𝑐௣: Specific heat 
of air, J/(kg·°C). 

 

Fig. 5 Physical model for wet working conditions 

1. Calculation of heat transfer in wet working condition 

The air-side convective heat transfer coefficients at the pool wall for wet conditions are 
approximated as for dry conditions[3,12-15] . 

2. Dehumidifying quantity calculation 



Based on the equations ℎ௠ௗଶ ൌ
௛మ

௖೛
  and ℎ௠ௗଷ ൌ

௛య

௖೛
 , we can calculate ℎ௠ௗଶ  and ℎ௠ௗଷ . 

Subsequently, we can determine the dehumidification amount of the vertical wall, 𝑊ଶ, and the 
dehumidification amount of the horizontal wall, 𝑊ଷ, using equations (16) and (17): 

 𝑊ଶ ൌ ℎ௠ௗଶሺ𝑑 െ 𝑑௜ሻ𝐴ଶ (16) 

 𝑊ଷ ൌ ℎ௠ௗଷሺ𝑑 െ 𝑑௜ሻ𝐴ଷ (17) 

Equation: 

𝑊ଶ  and 𝑊ଷ  denote the dehumidification rates of the vertical and horizontal walls (g/s). 
Additionally, d and 𝑑௜ represent indoor air moisture content and moisture content at the wet 
surface (g/kg), while 𝐴ଶ and 𝐴ଷ refer to the surface areas of the vertical and horizontal wet 
surfaces (m²). 

4. Analysis of Holding Tank Heat Transfer Characteristics 

Figure 6 shows the time points (A, B, C, D) when the pool walls transition from dry to wet 
conditions at different pool water temperatures, based on the experimental data of pool water 
temperature and chamber conditions. 
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Fig. 6 Variation of pool water temperature with room air dew point temperature and dry bulb temperature 

Figures 7, 8, and 9 present the determined convective heat transfer coefficients for the vertical 
and horizontal walls of the holding tank, along with the water vapor diffusion coefficients of the 
open water surface, based on the comparative analysis of experimental data and theoretical 
calculations. 
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a) ℎଶ                                          b) ℎ௠ௗଶ 

Fig. 7: Comparison of ℎଶ and ℎ௠ௗଶ Values on Vertical Wall Surface 
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a) ℎଷ                                       b) ℎ௠ௗଷ 

Fig. 8: Comparison of ℎଷ and ℎ௠ௗଷ Values on Vertical Wall Surface 

From Figures 7 and 8, it is evident that, despite the holding tank having the same water 
temperature under different operating conditions, the wall's qualitative temperature varies. 
When the theoretical values of ℎଶ , ℎଷ , ℎ௠ௗଶ , and ℎ௠ௗଷ  exhibit minimal variations, they 
closely align with the experimental values, with errors within ±10%. Consequently, equations 
(4), (9), and (10) can be utilized to calculate ℎଶ and ℎ௠ௗଶ for the vertical wall of the holding 
tank, while equations (5), (9), and (10) can be applied to determine ℎଷ  and ℎ௠ௗଷ  for the 
horizontal wall. 
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Fig. 9 Water vapour diffusion coefficient on open water surface 

Fig. 9 shows that the experimental α significantly deviates from the literature [7]. Water 
temperature doesn't affect α much in varying working conditions, but α increases notably with 
higher holding tank circulating water flow rates (𝐺ଶ). Linear regression with 𝐺ଶ yielded this 
equation: 

 𝛼 ൈ 10ଷ ൌ 0.0734𝐺ଶ ൅ 0.00235 (13) 
R2=0.97. The regression equations were well fitted. 

5. Conclusion 

In this paper, through the experimental method, we studied the heat and humidity transfer 
between the open water surface, the wall and the indoor air of the holding tank with a water 
volume of 150L in different water temperatures (5~25℃) and different circulating water flow 
rates (20~50L/min), as well as the indoor air temperature in the range of 17~28℃ and the 
humidity in the range of 60~80%, and we analysed the experimental data to obtain the following 
research conclusions: 

(1) The heat exchange coefficients between the vertical walls of the holding tank and the air can 
be obtained by equations (4) and (9), while the moisture exchange coefficients can be calculated 
by equations (4), (9) and (10). 

(2) The heat exchange coefficients between the horizontal walls of the holding tank and the air 
can be obtained by equations (5) and (9), while the wet exchange coefficients can be obtained 
by equations (5), (9) and (10). 

(3) The water vapour diffusion coefficient on the surface of the pool water was significantly and 
linearly correlated with the circulating water volume of the holding tank, the total water volume 
of the holding tank was 150 L. The circulating water volume and the water vapour diffusion 
coefficient can be estimated by Eq. (13). 

The research results can provide theoretical basis for the calculation of cooling design load of 
aquatic market holding tanks and the calculation of heat and humidity load of aquatic market 
buildings. 
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