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Abstract. Self-circulating evaporative cooling system is safe, effective and energy-saving. It has
advantages compared with the traditional cooling technology. So it provides a new cooling
method for high power rectifier equipment. Then take an example of the three-phase bridge full-
controlled rectifier, a new cooling system with composite structure and non-single heat loads
was proposed. Through analysis on the circulation mechanism and operation characteristics, the
feasibility of the self-circulating evaporative cooling system which is composed of horizontal
and vertical hollow conductor was studied in this paper.

1. Introduction

Evaporative cooling technology utilizes the latent of coolant to take away the heat loss. Compared with
the traditional cooling method, it has advantage of high-efficiency, high reliability and stability. So it
has been successfully applied to hydro generators, wind power generators and other electrical equipment.

The high power rectifier equipment mainly used as DC power supply in electrolysis plant for
aluminium, copper, salt and etc. The cooling technology for high power rectifier equipment mainly
includes water cooling and forced air cooling at present. However, following the capacity of high power
rectifier equipment were developed to become larger than before, the cooling system for high power
rectifier equipment is moving towards greater reliance on the safety and stability. The evaporative
cooling technology provide a new method to solve the cooling problem. And different from water
cooling and forced air cooling which need a pump to provide the circulate power, the self-circulating
evaporative cooling system is no need for external power. The difference of density between liquid and
gas coolant provides the driving force, so compared with the traditional cooling method, the self-
circulating evaporative cooling system is energy-saving. So a self-circulating evaporative cooling
system for high power rectifier was proposed in this paper.

However, the new system is not similar to the evaporative cooling system in previous study. The
evaporative cooling system for hydro generator is composed with parallel vertical hollow conductors,
the evaporative cooling system for turbine generator is composed with parallel horizontal hollow
conductors. The hollow conductors with single structure all run at the same heat. But the high power
rectifier equipment provides a system with composite structure.

In the evaporative cooling system proposed hear, the thyristor and quick fuse are both cooled double-
sided via the hollow conductors, which are filled with coolant. The hollow cooper bus for parallel
thyristor and quick fuse are vertical, and the hollow connection bus between thyristor and quick fuse are
horizontal. And when the rectifier equipment is working, the heat load of vertical and horizontal hollow
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conductors are different. Therefor the feasibility of the self-circulating evaporative cooling system with
composites structure for high power rectifier equipment need to analyze and discussed. Then it is studied
in this paper based the theoretical analysis on the circulation mechanism and operation characteristics.

2. Theoretical mode

The self-circulating evaporative cooling system for high power rectifier equipment is composed with
condenser, gas up-collective tube, liquid sub-collective tube, liquid-down tube, hollow conductors and
other connecting devices. Take an example of three-phase bridge full-controlled rectifier, the
evaporative cooling system is shown in Figl. In order to show the structure more clearly, only one of
the three horizontal circulating channels for connection bus is shown here, and the other channels for
connection bus between thyristor and quick fuse are the same.

As is shown in figl, the coolant flows in the horizontal and vertical hollow conductors. When the
rectifier is working, the coolant absorb the heat mainly generated by thyristor and quick fuse. Then the
liquid coolant turns into gas-liquid phase. The two-phase coolant flows into condenser through gas up-
collective tube and changes to liquid phase through heat exchange with the second cooling medium,
such as air, or water. Then liquid coolant flow back through liquid-down tube. It flow into each
horizontal and vertical hollow conductor through liquid sub-collective tube. Then the next circulation
begin, and form a self-circulating without pump. The difference of density between coolant in flowing-
up tube and flowing-down tube provides the driving force for circulation.
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Fig.1. the configuration of the evaporative cooling system

As is shown in Figl, the composite system is composed with many horizontal and vertical hollow
conductors. In this paper, the minimum parallel unit was proposed, and then theoretical model was built
for it. The structure of the minimum parallel unit is shown in Fig2.

Fig.2. the structure of the minimum parallel unit
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3. Nonlinear analysis
As a typical nonlinear dynamic system, the self-circulating system evolving phase transition is an
instability system which has many variables and strong coupling. The state of the coolant flown in the
self-circulating evaporative cooling system depends on the balance relationship between the flow
resistance and driving force of circulation loop. Then the equations for the minimum parallel unit are
established.

Assuming the condenser has enough capacity to ensure the temperature of coolant at entrance at a
certain value, the driving force of the vertical hollow conductor for quick fuse and thyristor can be
described as:

Pirive-n =Pin - 9(Ln + Loyt—n) = A1-n - 9Lin — Pp-n " ILtn-n — Pout—n * Ihout-n 1)
And the flow resistance of the vertical hollow conductor can be described as:
Presistance—n = AI:)Isc—n + AI:>in—n + AI:)n + AI:z)ut—n + AI:)guc—n (2)

If the vertical hollow conductor for quick fuse and thyristor are called loop-1 and loop-2, and n in
above formula denote the two hollow conductor.

Then, if the horizontal hollow conductor for the connection conductor between thyristor and quick
fuse is called loop-3, the driving force of the horizontal hollow conductor can be described as:

I:)drive—S =Pin gLout—3 ~ Pout-3° gLout—B 3)
And the flow resistance of the horizontal hollow conductor can be described as:

Presistance—S = AI:)Isc—:% + AI:)in—s + AF)3 + AF)out—S + AF)guc—s (4)
Here L, , denotes the length of loop-n in liquid sub-collective tube, L, , denotes the distance

between the entrance of liquid sub-collective tube and the exit of the hollow conductor of loop-n. L,

Isc—n

denotes the length of single liquid phase section of the hollow conductor of loop-n, L,  denotes the

length of two-phase section of the hollow conductor of loop-n, L . denotes the distance between the

out—n

exit of hollow conductor of loop-n and gas up-collective tube. L denotes the length of loop-n in gas

guc—n
up-collective tube. In the equation above, the homogeneous theoretical model of two-phase flow was
chosen to calculate the resistance pressure drop.

In the self-circulating system, according the balance relationship the fundamental equation can be
shown as:

I:)drive = Presistance (5)
Based on the heat balance, the following formulas can be got.
Q, L.
=H. 4+ -=n _1-n (6)
7(Pin7APIfn) In—
° ™ m, L,

H

the saturated enthalpy at the pressure which isP, —AR_, .

Then the mass quality of gas phase at the outlet of the hollow conductor of loop-n can be described
as:

denotes the enthalpy at the inlet of hollow conductor of loop-n. The left of equation (4) denotes

in-n

X, = &ﬂ (7)

mR L,
In this paper, based on the non-linear analysis theory, the arc-length continuation method was chosen.
{Fn(mn,Qn) =0 (n=1,2,3)

B(m,,Q,.5) =0 ©
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Then the evolution curve of the equilibrium state of the loop-1, loop-2 and loop-3 in the self-
circulating evaporative cooling system can be got.

4. Conclusion
The evolution curve of equilibrium state of the minimum parallel unit is shown in Fig.3.
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Fig.3. the evolution curve of equilibrium state of the loop-1, loop-2 and loop-3

As is shown in Fig3, in the system with two vertical hollow conductors and one horizontal hollow
conductor, the three loop all show different characteristics from which of single loop. And through
reasonable design the bifurcation will not occur in the self-circulating system with three parallel hollow
conductors with different structure and heat load. The impact on cooling system caused by sudden
change of flow rate can be effective avoid. So the parallel system with composite structure and different
heat load can accomplished the cooling goal without pump. The analysis results show the feasibility.
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