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Abstract. Capillary gravity circulation cabinet is an air-conditioning terminal
that integrates dehumidification, refrigeration, and heating functions. It was in-
vented in Germany is now being applied in some office buildings in China. In
this paper, the temperature field of the gravity circulation cabinet in different wa-
ter supply temperature, water supply flow and room temperature under cooling
and heating conditions is simulated and analyzed, and the proportion of radiation
and convection in cooling and heating capacity is analyzed. The research shows
that the water supply temperature has the greatest influence on the output of grav-
ity circulation cabinet, water supply flow has little effect on the output of gravity
circulation cabinet. When the indoor ambient temperature changes, the gravity
cabinet has the ability of self-balance to the room temperature which can increase
or decrease the heat exchange. The cooling or heating output of radiation mech-
anism accounts for about 10% of the output of the gravity circulation cabinet.

Keywords: capillary gravity circulation cabinet, heat transfer characteristics,
temperature filed, cooling capacity, heating capacity.

1 Introduction

Capillary radiation air conditioning has been increasingly accepted and widely used
due to its energy- efficiency and comfortable features [1]. The capillary gravity
circulation cabinet is another form of applying capillaries in air conditioning systems.
Unlike traditional capillary air conditioners that use high-temperature cold water, the
capillary gravity circulation cabinet utilizes low-temperature cold water with a
condensate tray. This type of system combines dehumidification, refrigeration, and
heating functions into one unit at the end of an open installation design which allows
for ventilation through opened windows during operation.

Scholars have conducted a series of studies on the characteristics of gravity
circulation systems. Ge Y. et al. [2, 3] conducted experimental research on the heating
characteristics and indoor thermal environment of gravity circulation cabinets. Gu D.
et al. [4] carried out experimental research on the operation of gravity circulation
cabinets combined with metal ceiling radiant panels. Jin W. et al. [5] compared the
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performance of capillary gravity circulation cooling (CGCC) and split air
conditioning units (PAC) in a test space, analyzed and evaluated the cooling capacity,
comfort, and operational performance of capillary gravity circulation cooling devices
based on experimental results, and proposed that the gravity circulation cooling
method can effectively alleviate the blowing sensation phenomenon in split air
conditioning systems. Li C. et al. [6, 7] measured that the indoor temperature field is
uniformly distributed along the horizontal direction and layered along the vertical
direction, similar to traditional displacement ventilation; they also added phase
change plates to terminal equipment for gravity circulation heating so that convective
heat transfer, radiant heat transfer, conductive heat transfer, and phase change heat
transfer occur simultaneously while optimizing the thickness of phase change plates
integrated with equipment based on limited thermal storage time as a limiting factor.
The research results show that the thermal storage function of gravity cabinets is more
suitable for use in regions with hot summers and cold winters; an operating scheme
for equipment in such regions as well as an economic analysis are proposed. Hou Z. et
al. studied the application of gravity circulation cabinets in engineering projects [8].

It can be seen that most studies focus on the room as the research object, with
limited research on the heat exchange characteristics of gravity cabinets themselves.
In this paper, CFD numerical simulation method is used to simulate and analyze the
heat exchange characteristics inside a capillary gravity circulation cabinet under
different operating conditions. The heat exchange characteristics of the gravity
circulation cabinet under different operating conditions are studied, and the cooling
and heating capacity of the gravity circulation cabinet is calculated using simulation
results, providing technical support for engineering applications.

2 Principle of gravity circulation cabinet

The gravity circulation cabinet is a cabinet that installs several capillary tubes in one
body (see Fig. 1). Water enters the parallel capillary tubes from the lower manifold
and exchanges heat with the air inside the cabinet before entering the upper manifold
and returning to the heat source. The dimensions of the cabinet are generally around
2000mm~2500mm in height, 700mm~1200mm in width, and about 150mm~200mm
in thickness. The outer shell is made of aluminum plate, while the side panels and
back panel are insulated.

The gravity circulation cabinet has an air inlet and outlet on the upper and lower
surfaces of the cabinet for heat exchange with the room air. The indoor air enters the
cabinet through the inlet and exchanges heat with capillary tubes, then flows out
through another outlet under the effect of density difference, as shown in Fig. 2.
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a ) Exterior view b ) Internal capillary tube

Fig.1. Appearance and internal capillary diagram of gravity circulation cabinet
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Fig. 2. water and air flow in Gravity circulation cabinet

Factors affecting the heat dissipation (cooling) capacity of a gravity circulation
cabinet, when the dimensions are determined, include supply water temperature,
supply water flow rate, and room temperature. Table 1 provides the commonly used

ranges for these three parameters in a gravity circulation cabinet.

Table 1. Commonly used parameter range of gravity circulation cabinet

Supply water Water supply flow Indoor temperature
temperature (C) rate (L/min) (C)
Summer Winter Summer Winter Summer Winter
7 44 3 3 25 22
9 42 4 4 26 21

11 40 5 5 27 20
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3 Model establishment

3.1 Physical model

The capillary material is PP tube with an outer diameter of 4.3mm and thickness of
0.8mm, with a total of five rows of capillaries inside the cabinet, each row containing
100 capillaries, and each individual capillary being 2000mm long.

Due to the small diameter, long length, and large number of capillaries involved,
simulating the entire gravity circulation cabinet would require a huge computational
effort. Therefore, this study simplifies the gravity circulation cabinet. Since
convection heat transfer is mainly generated by vertical water flow and vertical air
flow inside the cabinet, and each capillary is arranged in parallel with minimal
temperature difference between them, selecting three columns of capillaries as
simulation objects (see Fig. 3) can represent the entire capillary bed. The heat transfer
situation of the whole gravity circulation cabinet can be estimated based on the
simulation results of these three columns of capillaries. Subsequent model verification
will demonstrate that this simplification does not affect the simulation results
significantly, as there is only a small discrepancy between simulated and experimental

results.
/ / ////
Alr inlet
air outlet
LA /

Fig. 3. The gravity circulation cabinet model of three rows of capillary tubes is selected

3.2 Mathematical model

Basic control equations

Conservation of Mass Equation is as follows:
6_1/! + 6_1/ + a_W — 0 (1 )
ox Oy Oz
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In the equation: u represents the velocity component in the x direction; v represents
the velocity component in the y direction; w represents the velocity component in the
z direction.

Conservation of momentum equation is as follows:

oP 61 or, or
— (pu)+d U)y=——+—24 X424 F 2
(pu) v(pul) ey et
0 or, Or,
—(pv)+dw(va)——a—P 9 O O 3)
oy oOx 0Oy 0z .
or,
—(pW)+le(,0wU)——a—P 0ty 00 0% 4)

0z ox oy o0z
In the equation, P represents the pressure on the fluid elemental body, while
7; represents the component of viscous stress acting on the surface of the elemental

body due to molecular viscosity, Ej is a gravitational force in the field of calculus.
Energy conservation equation is as follows:

APD) | din(pUT) = div(Z- gradT) + S, ©)
C
P

In the equation, C , represents the specific heat capacity at constant pressure, 4 is the

heat transfer coefficient of the fluid. S , denotes the source term, which includes both

the dissipation function converting mechanical energy into thermal energy due to
viscous effects @D and the heat supplied per unit volume from radiation or other
sources S, .

Turbulence model For the gravity loop cabinet and the simulated room it is located
in, the airflow is characterized by low-speed, incompressible turbulent flow. The heat
exchange between the gravity loop cabinet and the room mainly relies on natural
convection circulation, with relatively small mixing motion caused by turbulence. The
energy dissipation due to viscosity effects is neglected in the energy equation, and the
mathematical model used for calculation adopts RNG k-¢ equation model.

Radiation model In Fluent simulation, there are mainly discrete transfer radiation
model (DTRM), P-1 radiation model, Rosseland model, DO radiation model, and
surface-to-surface radiation model (S2S). DTRM and DO models are suitable for a
wide range of problems with small optical depths but require large computational
resources. P-1 or Rosseland models are typically used when the optical range is
greater than 1 and have lower computational requirements. The S2S model is
applicable to heat transfer in enclosed cavities without any radiative medium. For the
capillary radiation model in this study, the optical depth is small due to negligible air
scattering inside the cabinet. The DO radiation model has the widest applicability
range and is suitable for cases with local heat sources. Additionally, in this study's
modeling approach, the capillary network serves as a local heat source for heat
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exchange. Considering both accuracy and computational cost, we choose to use the
DO radiation model.
3.3  Grid partitioning, model assumptions, and boundary conditions

Grid partitioning By using unstructured volume grids, the Tri/Hybrid three-
dimensional volume grid is selected, which consists mainly of tetrahedral grids but
can also include hexahedral, pyramid, and wedge grid elements in appropriate
locations. The principle of grid partitioning is to densely divide the grid in areas with
significant variations in temperature and velocity fields, while sparsely dividing it in
areas with slow changes. In order to reduce the number of grids, save computational
time, and ensure the quality of grid partitioning, a locally refined approach is adopted
for function-linear mesh refinement. Capillaries serve as starting points that require
improved grid quality, while gravity cabinets are designated as regions where
diffusion occurs within the grid. After generating the mesh, the distribution of
capillary surface meshes shown in Fig. 4 is formed with a total of approximately 3
million grids being divided.

Fig. 4. Surface mesh of capillary network

Model assumption the model is based on the following assumptions: (1) The gas
flow inside the cabinet is steady-state turbulence. (2) The effect of gravitational force
is considered. (3) The wall conditions are fixed with no-slip boundary conditions. (4)
Boussinesq assumption is used, as the heat exchange between the inlet and outlet of
the circulation cabinet and the indoor environment mainly occurs through natural
convection. When the fluid is heated and its density changes with temperature, the
density difference caused by this change will induce fluid flow due to gravity. To
facilitate handling of buoyancy force caused by temperature differences, a buoyancy-
driven Boussinesq assumption is adopted.

Boundary conditions the outer radiation surface of the cabinet adopts the Radiation
boundary condition, while the remaining surfaces of the gravity circulation cabinet
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adopt the adiabatic boundary condition. Since the object model is only a part of the
cabinet, symmetry boundary conditions are applied to the side.

The import and export of the cabinet adopt pressure import and export, while the
gravity circulation cabinet generates pressure difference due to thermal compression.
The effect of the pressure difference is related to the height of the cabinet and the
temperature difference between its inlet and outlet. The formula for calculating the
import-export pressure difference is shown in equation (6) [9].

11
Ap=h(p —p)g =K h(——— (6)
p =h(p,—p)g =K, (To E)

In the equation: K is a coefficient related to the local atmospheric pressure. When the
atmospheric pressure is 101.3 kPa (760 mmHg), Ks equals 3460 Pa-K/m, and when
the atmospheric pressure is 99.3 kPa (745 mmHg), Ks equals 3391 Pa-K/m. &
represents the height of the neutralization surface, which is located in the middle of
the cabinet due to consistent size and shape of inlet and outlet, at half of the cabinet's
height, m; 7i and T, are respectively absolute temperatures inside and outside of the
cabinet at inlet (outlet) and outlet (inlet).

Table 2. Differential Pressure of Inlet and Outlet for Gravity Cabinet

Summer Winter
cabinet inlet differential pressure differential pressure

cabinet inlet

temperature. between inlet and outlet temperature('C) between inlet and outlet
(C) (Pa) P (Pa)
25 0.4 22 0.44
26 0.43 21 0.48
27 0.47 20 0.51

The capillary uses UDF to customize the boundary conditions. Due to the heat
exchange between the capillary and the air inside the cabinet, and with water flowing
upwards in the capillary network, it exhibits a nearly linear relationship where the
temperature of the capillary wall changes with height, as shown in equation (7).

fya1 =ty +kZ 7)

In the equation, #wan is the temperature of the capillary wall in degrees Celsius; #; is
the supply water temperature in degrees Celsius; Z is the elevation in meters; & is a
coefficient that is calculated based on measured data and its specific value varies with
different water flow rates, as shown in Table 3. Since all water flows from bottom to
top, the wall temperature increases with height during summer while it decreases
during winter.

wall

Table 3. Variation of capillary wall temperature

k
t ly fl te(L/mi i
Water supply flow rate(L/min) Summer Winter
3 2.6 2.9
2.1 -2.4

5 1.8 -1.9
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34 Simulation verification

To verify the reliability of the model and simulation, a comparative analysis is
conducted between simulated data and measured data for the summer import and
export parameters of gravity cabinets.

Using a hot wire anemometer to measure the air velocity and temperature at the
inlet and outlet of the cabinet, during the process of measuring air velocity and
temperature, five points are uniformly selected at each air vent. The measured air
velocity and temperature values are obtained by calculating the average values from
these five points. These measured values are then compared with simulated average
values, as shown in Table 4

Table 4. Comparison of measured and simulated values for wind speed and temperature in
imports and exports

item Test value simulated value Error (%)
inlet temperature ('C) 25.2 26.0 3.2%
Outlet temperature (C) 13.3 13.8 3.6%
Wind speed at the air intake 020 0.19 5.0%

(m/s)
Air outlet wind speed

0.38 0.35 4.4%
(m/s) ’

3.5 Method for calculating total cooling (heating) capacity

The heat exchange of the gravity circulation cabinet consists of two parts: one part is
the radiation heat exchange provided by the external panel; the other part is the
convective cold (hot) air generated by the cold (hot) air outlet. The total heat
exchange can be calculated by measuring the inlet and outlet water temperature and
flow rate of the gravity circulation cabinet, based on the principle of balancing cold
and hot energy [10]. The total cooling capacity can be determined using formula (8),
while the total heating capacity can be determined using formula (9).

0= ch(tnm _tin) (8)

Q= Lpc(t, —1,,) ©)
In the equation, Q represents the total heat exchange in the gravity circulation cabinet,
W; L represents the water flow rate in the dry pipe of the gravity circulation cabinet,
m3/s; ¢ represents the specific heat capacity of water, J/(kge 'C); p represents the
density of water, kg/m3; #n represents the supply temperature of capillary tube
water, ‘C; tou represents the supply temperature of capillary tube water, ‘C.
3.6  Calculation Method of Heat Exchange for External Radiator Panels

The radiation heat exchange of the gravity circulation cabinet mainly comes from the
external radiation plate. The surface of the external radiation plate has both radiation
and convection heat transfer problems. The calculation of heat exchange can adopt the
method in ASHRAE Handbook, setting q as the unit area heat exchange amount of
the radiation plate. The cooling capacity per unit area of the radiation plate can be
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determined by formula (10), and the heating capacity per unit area of the radiation
plate can be determined by formula (11).
q, =231x(T,-T,)""

+5.67x10 " x[(AUST +273)" = (T, +273)* ] (10)

_ 13l
q,=231x(T,-T,) (i

+5.67x10° x[ (T, +273)* —(AUST +273)" |
0, =gq,xs (12)
In the equation, ¢ is the heat transfer of gravity cabinet radiation panel per square
meter, W/m? AUST is the area-weighted average temperature of indoor non-cooling
surfaces, which in this article takes the indoor temperature value, C; T}, is the average
temperature of the outer radiation panel surface, ‘C; T, is the indoor temperature, ‘C; s

is the area of gravity circulation cabinet outer radiation panel, m?;, O is the heat
transfer of gravity cabinet outer radiation panel, W.

4 Analysis of simulation results

4.1 Summer simulation results

The specific simulated operating conditions in summer are shown in Table 5, with a
total of 7 conditions. The heat transfer characteristics of supply water temperature,
supply water flow rate, and room temperature under different operating conditions are
studied separately.

Table 5. Summer simulation working condition

Operating Supply water Water supply flow Room temperature
" temperature . o

conditions ) rate (L/min) (C)
CASEl.1 7 4 26
CASE1.2 9 4 26
CASE1.3 11 4 26
CASE1.4 9 3 26
CASEL.5 9 5 26
CASEL.6 9 4 25
CASE1.7 9 4 27

The impact of water supply temperature on cooling in a gravity circulation
cabinet the temperature field inside the gravity cabinet under different water supply
temperatures is shown in Figure 5, with a water flow rate of 4 L/min and room
temperature of 26 ‘C. It can be observed that when the water supply temperature
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changes, there is a significant change in the temperature field inside the gravity
cabinet. The upper part of the cabinet is blocked by capillary network and starts to
exchange heat with hot air. The lower the water supply temperature, the more obvious
decrease in temperature in the middle and lower parts of the cabinet, indicating better
heat exchange efficiency.

Fernperaiurdidi ] Tamparanradi] ) Temperatre(<)
| (&l

i
\llﬁi L

a)7°C b)9°C o 11C

Fig.5. shows the temperature distribution inside the cabinet under different supply water
temperatures in cooling conditions

Figure 6 shows the relationship between the outlet air temperature and air velocity of
the gravity cabinet with respect to the supply water temperature. As the supply water
temperature increases from 7 'C to 9 ‘C and 11 “C, the corresponding average outlet
temperature rises from 11.9 “C to 13.63 C and 15.13 ‘C respectively, while there is
no significant change in the average air velocity at around 0.35 m/s at the air outlet.

_a— Average temperature of cabinet outlet
_a Average wind speed at cabinet outlet

20 r ’ ’ ’ ’ — . ’ 0.6

0.5
0.4
0.3

] / 02
13 4
4 u g

0.1

Average temperature of cabinet outlet('C)
= o
L
| ]
-
Average wind speed at cabinet outlet (my/s)

T T T
7.0 75 80 85 9.0
supply water temperature  ('C)

Fig. 6. shows the distribution of outlet air temperature and airflow velocity under different
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supply water temperatures in cooling conditions

The impact of water supply flow rate on gravity circulation cabinet cooling fig.7
shows the temperature field inside the cabinet at different water flow rates, with a
supply water temperature of 9 “C and an indoor temperature of 26 ‘C. When the water
flow rate changes, the gravity cabinet's internal temperature field does not change
significantly. Increasing the water flow velocity cannot greatly increase heat transfer
capacity, and heat transfer efficiency is less affected by water flow rate. However,
some temperature differences can still be observed. Under normal water supply
conditions, as the water flow rate increases, the range of cold air near the outlet in the
cabinet also increases.

Temperatursii) Temperaturs(K) Temperature(k)
] 300 ] 200 ] 300
299 299 299
298 298 298

297 gg; 297
296 296
295 26 295

= E =
292 ggf 292
=
- 2w e
= = =
o 2 =
|
i
Il N il
a) 3L/min b) 4L/min ¢) 5SL/min

Fig.7. shows the temperature distribution inside the cabinet under different water flow rates
in cooling operation

Fig. 8 illustrates the changes in outlet air temperature and velocity with varying water
flow rates, indicating that as the water flow rate increases from 3 L/min to 4 L/min
and 5 L/min, the corresponding outlet air temperatures decrease from 13.91 °C to
13.63 °C and 13.55 °C respectively, while there is no significant change in average air
velocity at the supply vent.
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Fig. 8. shows the distribution of outlet air temperature and airflow velocity under different
water flow rates in cooling conditions

The impact of room temperature on cooling in a gravity circulation cabinet the
temperature field cloud maps in Fig. 9 show the cases where the supply water
temperature is fixed at 9°C, the supply water flow rate is 4L/min, and the room
temperature (upper inlet temperature of the cabinet) is 25°C, 26°C, and 27°C. It can be
observed that when there are changes in indoor environmental temperature, the
temperature field inside the gravity cabinet changes relatively less. This is because
heat exchange between the gravity circulation cabinet and indoor environment mainly
occurs through natural circulation. As the inlet temperature of the cabinet increases, it
also accelerates fluid flow within the cabinet, thereby increasing heat exchange and
enhancing load-bearing capacity of the gravity cabinet. Consequently, similar
temperature field cloud maps are observed near air outlets.

The feature reflects that the gravity cabinet has self-adjusting function. When the
indoor temperature is high, the natural circulation of the gravity cabinet strengthens
and its cooling capacity increases, resulting in a decrease in room temperature.
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Fig. 9. shows the temperature distribution inside the cabinet under different room
temperatures during cooling operation

Cooling capacity and the proportion of radiation and convection the cooling
capacity of the gravity circulation cabinet is mainly composed of two parts. One part
is the cold radiation generated by the panel due to internal air convection, and the
other part is the cooling produced by convective cold air from the air outlet. The
relevant radiation cooling capacity and total cooling capacity were obtained through
Fluent simulation, as shown in Figure 10. The numbers above the column represent
the percentage of radiation cooling to total cooling. It can be seen from the figure that
under normal operating conditions, the cooling capacity of gravity circulation cabinets
ranges from 1000W to 1600W, with radiation plate cooling accounting for about 9%
to 10% of total cooling, while about 90% or more of remaining cooling is provided by
convective supply at outlets.
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Fig. 10. Distribution of weight between convective cooling capacity from the air outlet and
radiative panel cooling capacity

From CASE 1.1, 1.2, and 1.3 in Fig. 10, it can be observed that the higher the supply
water temperature, the smaller the cooling capacity. The supply water temperature has
a significant impact on the cooling capacity of gravity circulation cabinets, with
noticeable changes. Under unchanged conditions for other factors, the cooling
capacity of gravity cabinets increases inversely with decreasing supply water
temperature. When comparing a supply water temperature of 7°C to 12°C, there is an
increase in cooling capacity by 365W for gravity cabinets alone, mainly attributed to
convective heat transfer at the outlet while there is little difference in cooling capacity
provided by external radiation panels.

From CASE 1.4 and 1.5, it can be observed that the greater the water supply flow
rate, the higher the cooling capacity. The impact of water supply flow velocity on the
cooling capacity of gravity circulation cabinets is relatively small. Under other
constant factors, the cooling capacity of gravity cabinets only shows a slight increase
with an increase in water supply flow rate. When comparing a water supply flow rate
of 3L/min to 5L/min, there was only a decrease of 53W in the standalone cooling
capacity of gravity cabinets.

From CASE 1.6 and 1.7, it can be observed that the higher the indoor ambient
temperature, the greater the cooling capacity. The gravity circulation cabinet has a
certain self-regulating ability in response to changes in indoor temperature. Under
unchanged conditions of other factors, when the ambient temperature increases, the
cooling capacity of the gravity cabinet also enhances; however, it is limited by its
maximum cooling capacity. The standalone cooling capacity of the gravity cabinet
increased by 105W when comparing an indoor temperature of 27°C to an indoor
temperature of 25°C.
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4.2  Results of Winter Simulation

The winter simulated operating conditions are shown in Table 6, which also consists
of seven different working conditions.

Table 6 Simulation operating conditions in winter

Operating Supply water Water supply temfi)(:r):tlure

conditions temperature ('C)  flow rate (L/min) (C)
CASE2.1 42 4 22
CASE2.2 44 4 22
CASE23 46 4 22
CASE2.4 44 3 22
CASE2.5 44 5 22
CASE2.6 44 4 21
CASE2.7 44 4 23

The influence of water supply temperature on the heating of gravity circulation
cabinet the cloud maps in Fig. 11 show the temperature distribution inside the gravity
cabinet with a constant water flow rate of 4L/min, indoor ambient temperature of
21°C, and supply water temperatures of 40°C, 42°C, and 44°C. It can be observed that
when the supply water temperature changes, there is a significant change in the
temperature distribution within the gravity cabinet. The lower part of the cabinet is
blocked by capillary networks and starts to exchange heat with cold air. The higher
the supply water temperature, the more noticeable increase in temperature occurs in
the upper-middle part of the cabinet, indicating better heat exchange efficiency.
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Fig. 11. shows the temperature distribution inside the cabinet under different supply water
temperatures in heating conditions
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The Fig. 12 shows the variations of outlet air temperature and velocity at different
supply water temperatures under heating conditions. As the supply water temperature
increases from 40°C to 42°C and 44°C, the corresponding outlet air temperature rises
from 34.01°C to 35.81°C and 37.63°C respectively, with no significant change in

average air velocity at the air supply port, which remains around 0.37m/s.
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g. 12. shows the distribution of outlet air temperature and velocity under heating
conditions

The impact of water supply flow rate on gravity circulation cabinet heating the
cloud maps of the temperature field inside the cabinet at a fixed supply water
temperature of 42°C, indoor ambient temperature of 21°C, and different supply water
flow rates of 3L/min, 4L/min, and SL/min are shown in Figure 13. It can be observed
that when the supply water flow rate changes, the change in the temperature field
inside the gravity cabinet is not significant and the heat transfer effect is not greatly
affected by the supply water flow rate. Additionally, some differences in temperature
fields inside the cabinet can also be seen. Under normal supply water flow rates, as
the supply water flow rate increases, there is a larger range for accumulation of hot air
inside the cabinet.
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Fig.13. Temperature distribution inside the cabinet under different water flow rates in

heating conditions

Figure 14 shows the changes in outlet air temperature and wind speed with varying
water supply flow rates. It can be observed that as the water supply temperature
increases from 3L/min to 4L/min and 5L/min, the corresponding average outlet
temperature rises from 35.81°C to 36.2°C and 36.81°C respectively, while there is no

significant change in average wind speed at the air outlet.
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Fig. 14. shows the distribution of outlet air temperature and velocity under different water

flow rates in heating conditions

The effect of room temperature on the heating performance of gravity
circulation cabinets the temperature field cloud maps of the cabinet with a fixed
supply water temperature of 42°C, a supply water flow rate of 4L/min, and indoor
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environmental temperatures (lower inlet temperature of the cabinet) at 20°C, 21°C,
and 22°C are shown in Figure 15. It can be observed that when the indoor
environmental temperature changes, the change in the temperature field inside the
gravity cabinet is relatively small. This is because as the inlet temperature of the
cabinet increases, it also slows down the fluid flow within the cabinet and natural
convection between the gravity circulation cabinet and indoor environment, thereby
weakening heat transfer and resulting in little difference in temperatures near the air
outlet.

Heating capacity and the proportion of radiation and convection the heating
capacity of the gravity circulation cabinet, similar to the cooling system, consists
mainly of two parts. One part is the radiation heating capability of the external panel
influenced by internal hot air conduction. The other part is the heat generated by
convection from the hot air discharged through the air outlet. The simulation results
obtained from Fluent under normal operating conditions show in Fig. 16 that the
heating capacity of the gravity circulation cabinet ranges from 1100W to 1700W
approximately. The radiation heating capacity accounts for about 11% to 12% of the
total heating capacity, while around 88% is provided by convective heating at the
outlet.
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Fig. 15. Temperature field inside the cabinet under different room temperatures during
cooling operation
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Fig. 16. Weight distribution diagram of convective heating and radiant panel heating at the
air outlet

5 Conclusion

Based on the analysis above, the following conclusions can be drawn:

1) When adjusting the room's set temperature and humidity, changing the supply
water temperature has a more pronounced effect on heat exchange compared to
adjusting the supply water flow rate. Changing the supply water temperature also
increases the system's heat transfer capacity more effectively than altering the supply
water flow rate.

2) When the indoor temperature changes, the gravity cabinet has self-regulating
ability to increase or decrease heat exchange.

3) In the set normal operating conditions, the average wind speed at the outlet is
around 0.35m/s in summer and around 0.37m/s in winter, with little influence from
the water supply temperature.

4) Under the specified normal operating conditions, the cooling capacity of the
gravity circulation cabinet is approximately 1000W to 1600W, with the radiation
panel contributing around 9% to 10% of the total cooling capacity. The heating
capacity is approximately 1100W to 1700W, with the radiation panel accounting for
around 11% to 12% of the total heating capacity.
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