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Abstract: A novel cooling system with cooling channels is proposed for the stator of 3 MW wind-driven generator.

An experimental platform is built to investigate the performance of the cooling system with different loads. At

30%, 50% or 80% generator loads, the temperatures meet the design requirement. However, it is a little over the

requirement at 100% load, duo to experimental errors and some unknown thermal resistances. In the test at 100 %

load, the developing trends of the parameters of these two generators are similar and only minor differences occurs

when they reach steady state our work can be benefit for the design and improvement of MW wind-driven generator

cooling solutions.
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0 Introduction

Wind-driven generator is an outstanding

clean technique in current energy-crisis-era,
thanks to its sustainability, fast-development,
and cost-effectiveness. Therefore, the wind-driv-
en power grid is expanding and urgently calls for
larger capacity generators. Unfortunately, high
temperature problems in large capacity generator
remain unsolved and hinder the development of
the clean technique™™. High temperature causes

therefore hurts

[5-6]

more loss and heat and

generator's efficiency and service life Previ-
ous researches demonstrated that high tempera-
tures mainly occur in iron core and winding, and
the temperature in the latter is higher than that in
the former. Therefore, properly designed stator
cooling channels are crucial to highly efficient, re-
liable and safe operations. Currently, most stud-

ies focus on numerical simulations for tempera-

ture rise of hydro and turbo generator stators.
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Some other scholars optimized the structure of

781 However, few

ventilating and cooling system
researchers have looked into the cooling perform-
ance of the wind-driven generator stator, let alone
experimental analysis.

Therefore, we propose a conceptual design of
cooling channels for 3 MW wind-driven generator
stator,and establish a platform to validate it. The
cooling performance is investigated at different
generator loads. The work will provide a refer-

ence for the design and the improvement of the

cooling operation of MW wind-driven generator.

1 Wind-Driven Generator Cooling

Channel Design

Air cooling method is widely used for wind-
driven generators within China. When generator
capacity is larger, air cooling cannot dissipate e-
nough heat. Liquid cooling mediums can also be
used to cool generators, but it usually brings a-

bout complicated structures, so it is impossible to
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set too much liquid cooling channels. Therefore,
we combine circulated liquid cooling with air blast
cooling to improve generator cooling perform-
ance. 60% ethylene glycol solution is used as the
cooling medium to avoid frost in winter,

The cooling channels are designed as shown
in Fig. 1. There are air channels (inner) and eth-
ylene glycol channels (outer) around the outer
steel sheet of stator. The ethylene glycol channels
can better absorb the iron loss, copper loss and
other losses produced by the stator core and wind-
ings, thanks to ethylene glycol solution’s higher
specific and better cooling performance. The eth-
ylene glycol channel is connected to the outside by
a line. The ethylene glycol solution absorbs heat
produced by the generator and runs to heat ex-
changer for heat exchanging. After that, it cools
down and returns to the channel. There, it com-
pletes a cycle. The wind-driven generator is com-
pletely sealed and rated IP64 in respect of insula-
tion. That is why inside air circulation can be
achieved by a built-in-fan. Circulated air absorbs
heat from the rotor, the generator end and gaps.
Then the air is blown by the fan to the outer air
channel, where the circulated air can exchange
heat with the steel wall which has been cooled
down by the ethylene glycol solution. At last, the
cooling air blows back to the generator end and

the rotor.

Air channels

Ethylene glycol
channels

Outer steel sheet of stator
Stator

Fig. 1 Schematic structure of cooling channels

Fig. 2 shows the profile of cooling channels.
The air channels and ethylene glycol channels are
set with sheet-beams and arranged in the circum-

ferential direction.

Ethylene glycol

channels Outside steel
plate of air
channels

Air channels

Sheet-beanis
of air channels

Sheet-beams of
ethylene glycol

channels Inside steel plate

of ethylene glycol

Stator teeth channels

Stator yoke

Fig. 2 Profile of cooling channel

2 Test Platform

Air circulation within the generator is driven
by a built-in fan with no external heat exchange,
the ethylene glycol solution will absorb the heat
brought by the generator and air when flowing
through the generator, and after the heat trans-
ferring with the external exchanger, it will flow
back to the generator. That is called a cycle.

Structure of the test platform is shown in Fig. 3.

Valve

Dragging motor

Flowmeter

Generator

Torque meter Water pump

Fig.3 Structure of test platform

The test platform included three parts: (1)
Operation system of the generator; Consisting of
a dragging motor used to drive the rotation to
simulate wind wheel rotation, a torque meter
used to monitor the operations of dragging motor
and change the generator speed by changing the
dragging motor speed and a generator to simulate
actual generator operations; (2) Cooling system:
Consisting of a valve, a heat exchanger, a flow
meter and a pump; (3) Monitoring system: to
collect the data information and control the sys-
tem parameters. The actual test platform is

shown in Fig. 3. The platform sat in a test room
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with a size of 14.6 m X4 mX4.8 m, test room is
consistent to the true value.

K-type thermocouple thermometer with an
accuracy of 0. 1% is used to measure tempera-
tures of the generator, inlet and outlet of cooling

liquid ducts and internal cabin.

3 Test Results and Analysis

The generator run under different conditions
with different parameters, such as winding tem-
peratures (U, V and W represent three different
random measurement points set in the permanent
magnet of the generator), air temperatures at
driven (D) and non-driven (N) ends in the base,
inlet and outlet temperatures of the ethylene gly-
col ducts. The parameters are measured by the
monitoring system and used to analyze the cooling
performance. The generator is operated at 30% ,
50% s 80% and 100% loads, which is achieved by
modifying rotation speed of the generator. An ad-
ditional test platform is used to carry out the test
at 100% load for comparison. At each load, cer-
tain temperatures are recorded every 10 minutes
from the very beginning of generator rotating till
the figures become steady. The test results are
shown in Figs. 4—8.

Fig. 4 shows temperature changes at 30%
load. At the beginning., heat dissipation of the
generator goes higher as the generator starts up,
which causes the temperatures of measurement
points U,V ,W sharply to increase up to 42 C,
higher than the ambient temperature. After 30%
load is completed, the generator run for a little
while until the parameters are unchanged. There-
fore, temperatures at U,V ,W tend to be stable at
time point 8 and became flat thereafter. At time
point 11, temperatures of U,V ,W are 58.1 C,
58.3 C and 58.1 C, respectively, less than the
requirement of 120 ‘C. Meanwhile, from the be-
ginning to the end, the temperatures of the inlet
and the outlet of ethylene glycol are almost sta-
ble, as shown in Fig. 4(b), and go slightly up and
down within 0. 6 °C and 0.8 “C, respectively. Be-

cause the ethylene glycol solution offers a bal-
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Fig.4 Temperature changes at 30% load

anced heat transfer. At the beginning, the air
temperatures at N and D ends in the base are al-
most the same. However, as the test goes on,
the air temperature of D end rises by a certain
amount and begins to fall at time point 4. After a
while, then it goes down below the temperature
at N end and does not fluctuate any more. This is
resulted from the change of air circulation. The
mechanical loss caused temperature rises at D end
bearing at first. And the air in the rear base is
cooled down by heat transfer with the ethylene
glycol solution. The ambient temperature is
slightly higher, which does not affect the test re-
sults.

Fig. 5 elaborates temperature changes at 50%
load. During early starting period, both winding
current and the heat dissipation are increasing, so
from time point 1 to 4, temperatures of U,V ,W
are rising. The test data in this period cannot sig-
nificantly affect the results even if they are defec-
tive. After that, the temperature growth slows

down and gradually stops. Then temperatures of
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Fig.5 Temperature curves at 50% load
U,V,W begin dropping till stable at 74.2 °C,
75.5 C and 74. 9 °C, respectively, less than
120 °C. The load is slightly higher than 50% be-
cause of improper operations, and the winding
temperature decreases when the load increases to
50%. The air temperatures at N and D ends in
the base were around 57. 5 C and 50. 2 °C, re-
spectively, and the former is higher, similar to
that at 30% load. From time point 1 to 4, when
the generator is subject to interference, the tem-
peratures of ethylene glycol inlet and outlet drop
first. This interference is normal in the test and
cannot affect final results. After time point 4, the
inlet and the outlet temperatures gradually rise a
little and then sharply fall down until stable. The
difference between the temperatures at the inlet
and the outlet was 1.6 C.

At 80% load, the temperatures of U,V , W
are rising just after start(Fig. 6). At time point
6, the temperatures tend to be unchanged and fi-

nally stable at 102.1 °C, 105.5 °C and 103.7 °C,
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Fig. 6 Temperature changes at 80% load
respectively, also lower than the requirement.
Before time point 7, the air temperature at D end
in the base is higher than that at N end, because
the air temperature at D end cools down when the
air in the generator is subject to heat transfer,
which also occurs in the test at 30% load. The
temperatures of ethylene glycol inlet and outlet
are raised slightly at the beginning and then de-
creases until unchanged. The final difference be-
tween the temperatures of the outlet and the inlet
are 3.0 °C, due to some interferences, similar to
that test at 50% load.

As is shown in Fig.7, the temperature
change trend at 100% is similar to those in the
three previous tests. The winding temperature
climbs higher from the start and becomes flat af-
ter time point 10. The temperatures of U,V ,W
are stable at 122. 8 °C, 126.5 °C and 125. 0 C,
respectively, a little higher than the threshold of
120 °C. In the test, the air temperatures of N and

D ends are the same road as those in the three
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Fig. 7 Temperature changes at 100% load

previous tests, and their final stable values are
73.4 °C and 65.1 °C, respectively. The tempera-
tures at the ethylene glycol inlet and outlet
change slightly and finally go along 37. 3 C and
41. 2 °C, respectively, the difference of which are
3.9 C.

As is shown in Figs. 7,8, the temperatures
of U,V ,W have the same changing trend as the a-
bove test. At the beginning of the test, the wind-
ing gets higher temperature as the generator loss
is increasing. After a certain period, the tempera-
tures of U, V, W do not fluctuate and stay at
123.5 °C, 128. 8 C and 119. 1 °C, respectively,
where the former two are higher than 120 °C.
And the highest temperature of the three is that
of V in both cases, and the difference of the two
maximums are 2. 3 ‘C. Two units are produced
based on the same specifications, which removes
the possibility of factors causing big errors. The
sequence set by the temperatures from high to
low are measurement points V,U,W in Fig. 7(a)

but measurement points V,W,U in Fig. 6 (a).
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Fig. 8 Temperature changes at 100% load by an addi-

tional test platform

This is mainly caused by minor differences in op-
erations and test errors and cannot affect final re-
sults. In Fig. 7(b), the temperatures at N end,
D end, ethylene glycol inlet and outlet waved rel-
atively small. The air temperatures at N and D
ends finally stay at 69.6 ‘C and 57.9 ‘C, respec-
tively, lower than those at 80% load (Fig. 6(b)),
because bearing manufacturing processes at 100%
load are better than those at 80% load, and the
friction and the loss at the bearings at 100% load
are smaller than those at 80% load. The tempera-
tures of ethylene glycol inlet and outlet finally
stay at 35.8 ‘C and 39.7 °C, respectively, with a
difference of 3.9 C.

Fig. 9 displays temperatures of four measure-
ment point in the test room. The four exhibit a
same changing trend and all become stable around
42 C.

Although the temperature of the generator at
100% load is higher than the design value, the ac-

tual environmental temperature is about 9 C or
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less, much lower than the test room temperature
at 100% load as 42 °C test. Moreover, some ex-
periment errors and unknown thermal resistance
are not considered in the theoretical design
process. Therefore, the proposed cooling system
has certain valuable feasibility and applicability.
Further research will focus on the optimization of
geometry structure parameters of the cooling-
channel or the flow parameters. Also, from
Fig. 7 we can see that the ethylene glycol solution
temperature and the air temperature at D and N
ends are much lower than the winding tempera-
ture, which means the stator cooling design can
cool the winding and the hollow wires with cool-

ing medium can be set in the winding.

4 Conclusions

A novel cooling system for a 3 MW wind-
driven generator model is proposed. A test plat-
form is built to investigate the cooling perform-
ance. Some conclusions are drawn as follows:

(1) The generator temperature at 30% , 50 %
and 80% loads satisly the requirement but that at
100% load is little higher, although 100% load
seldom happens.

(2) The conceptual design of stator cooling
channels can basically meet the demand, but
small improvements are necessary. It is possible
to cool the inner thermal resistance by improving

manufacturing processes and cool the winding in-

tensively with hollow wires set in the winding.
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