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Design of Dry Transformer Cooling

Abstract: The transformer lifetime is largely atist by overheating of windings and then the ingotedges and it reduces
its electrical insulating properties. Therefore groper placing of the relevant parts of the fiamnser can help to ensure more
uniform distribution of temperature field and thodncrease the lifetime of the transformer.
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I. INTRODUCTION
*  Total Joule losses in both windings:
The issue of cooling of power equipment is an dctopic that AP, =3[AR,, +3[AR, =3[2041+3[1513=10664,9W  (3)

needs to be dealt because the power electric detrimesfer more and B Calculation of losses in the transformer core
more power, thereby there are increased losseschwhan be  [osses in core depend on the weight of plateslaeyare given by
expressed in the form of heat, and so it is necgdsaensure the relative hysteresis volume loss of transformer shésr the specific
cooling of these devices. One of the main electtevices is magnetic flux density, which is estimated from tmgsteresis loss
transformer that is commonly used in power systenchanging the curve of steel sheets. The proportional lossesfmnetic flux density
voltage level. During the transformers operatioar¢harise the heatB =1 513 T areApe.= 1,1 Wkg™. The losses are also given by a
losses, which are necessary to take away fromrémsformer to the coefficient reflecting the quality of the sheet geesingk,, that is in
surrounding using of different types of cooling. the range of 1,1 to 1,25. But in this case, thers w@nsidered the
Today, with the systematic need of size reducingl@tric devices average value ok, = 1,17. Since the core of the transformer is the
there are growing requests for their cooling. Tfeeeit is very construction type without junction, so the lossesdetermined by the
important to optimize cooling and thus to ensureirtiailure-free following formula:
operation. AP, = (M., [Apg.) [k, = (1211,351,7)(1,17=1559W 4)

Il. DESIGN OF COOLING OF DRY DISTRIBUTION C.  Overall losses

TRANSFORMER The overall losses of the transformer are the stithelosses in
the windings and in the core of transformer:
Before the result determination that the transforrmesverheated AP. = AP, + AP, =10664,9%1559=12223,9W (5)
in_particular parts or not, it is necessary fo taethe adequate — D.  Calculation of the temperature warming of thenstormer

sufficiently precise — transformer model, where s& the main
components that most affect the warming and theentparticular
parts that cannot influence the calculation. As example of
determining of temperature field distribution thesas chosen dry
distribution transformer during the full load op@wa and with the
following parameters:

* rated power: 630 kVA,

*  primary voltage: 22 000 V,

*  secondary no-load voltage: 400 V,

« frequency: 50 Hz,

«  resistance of primary winding (high voltage): 7@/

» resistance of secondary winding (low voltage): Q8BXQ,

» current of primary winding (high voltage): 16,53 A,

e current of secondary winding (low voltage): 90943

* magnetic flux density of core: 1,513 T,

e core weight: 1211,35 kg.

The warming should be determined separately foptimaary and
secondary windings and especially for the transésroore. Individual
windings are flowed by air around the outer side mmer side, where
winding transmit the generated heat from theiraze$ to surrounding
area. Iron core also transfers the heat by itssarfbut the surfaces
between each transformer plate sheets are notdeoedi since they
are significantly less effective than the outerface of the core.
Therefore, in this paper it was considered onhhwiite outer surfaces
heat transmission.

The transformer is designed as a dry transformén thie epoxy
insulation of F-type temperature class. So, itassgible to determine
the maximum allowed warming of the transformer ba base of the
temperature class. Because the expected maximum eambi
temperature around the transformeig = 40°C and the isolation of
temperature class F have a maximum permissible dmhpe of
Imax= 155 °C, so with the respecting of temperatureemee of

A_' F:alculatlon of Iosse§|n .the transformer windings Jes= 10 °C it is possible to determine the maximunrmiag as
Since in the transformer windings there are gerdrdbule losses follows:

and the other losses can be neglected (eddy csyreydteresis, and Dy
others), so in this calculation were considered/ ¢hbse losses and
they were determined according to the followingrfatas:

* Joule losses in the primary winding (high voltagé)one

=9 -9, -9.=155-40-10=105°C (6)

Coollng surfaces sizes of transformer:
cooling surface of primary winding (high voltage):

phAa;e: =R,,072,=7,4716,53 =2041,1W (1) S =2,2549
i v L ’ o « cooling surface of secondary winding (low voltage):
e Joule losses in the secondary winding (low voltagfedne S, = 1,425
. \ il 1
phase: «  cooling surface of transformer co®;, = 4,2525 i
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It was considered the heat transfer coefficienttlie air of
Oy = 15 WK™, when calculating the warming of particular
transformer parts, because for the calculatiomrptnsformers there

is commonly used empirically obtained value whidkes into
account the neglected radiatiooy{= 10+ 15 W 2K ™ [8]). The
following individual warming was determined for nisformer
operation at the rated power.

Winding warming can be calculated as follows:

- Athl

_2041,11

a,, (8, 15[2,2549

A3, = AR, _1513,86_
o, 5, 150,425
Transformer core warming can be calculated asviclio

AS,, =60,35°C

70,82°C

AR,

Fe

A, = 1559

=24,44°C

a, (5, 150#,2525

Ill. SOLUTION OF COOLING OF DRY DISTRIBUTION

TRANSFORMER IN ANSYS

It was necessary to create the 3D model of thesfoamer for
simulation in ANSYS. The model was created on tlasebof the
manufacturing drawings for the mentioned transfornizue to the
complexity of the transformer it was consideredyaomith those parts
of the transformer, which could significantly affebe temperature
field of the transformer, and the other parts @nsformer were
neglected.

The presented transformer was placed in a metal aesording to
following dimensions: 1560 x 2030 x 950 mm (heightwidth x
depth), which was sufficient also for the other emsories of
transformer.

0,250

Figure 1. a) 3D transformer model b) 3D model &ftitansformer case

There were subsequently calculated the heat lossgsrticular
transformer parts in order to specify the condgidor the temperature
simulation of the transformer as follows:

_AR, _2041,11
= v =

—_— AP|V
"V, 0,02058
_ AR, _ 1559
V., 0177

Fe

42611,89N [ (10)

0,0479
_1513,86

hv

73559,8\ [In” (11)

Iv

Oee =8807,9W [in® 12)

A. The solution of temperature field without tramsfer case

The transformer reached the maximum temperatut®®f4 °C at
ambient temperature of 22 °C in the first simulati&ig. 2a), which
represents warming of 100,54 °C. This value isl diglow the
maximum allowable warming of 105 °C, that is inmeat transformer
operation — without the case — so it is not necgsta be cooled.
However, during the overloading there would haverbeccurred a
temperature increase above the allowed value,woutd be required
to ensure the switched forced air ventilation ia tbom (transformer
cell), where it would be placed, thereby it would énsured even
against the possible overloads.
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b)
Figure 2. a) Cross section of the transformer withbe case; b) Transformer
without the case

Because the simulation did not consider the air flamd the _ _ b) _ _
. . Figure 3. @) Cross section of the transformer Withcase; b) Transformer with
transformer model was considered as a solid bodg, @n see that the case
the heat is homogeneously spread into the envirohfrem the cross
section of the transformer (Fig. 2a). In fact, twd air would flow One can see from the cross section of the transfowith the case
from the bottom of the transformer, where it wobkeht up from the (Fig. 3) that the transformer case partially ketyesheat inside of the
transformer areas and by convection it would benakpwards into transformer, but there is a modest increase in ttlaasformer
the environment. One can see from this figure (E&).that mainly temperature, since on this case there are enoughewfs. The
heated are windings, which also significantly hegtthe core of the temperature field was just approximated, because flow is
transformer. neglected. In real transformer, the cold air shdiddv through the
lower vents, where it would be heated up by thesfiamer surfaces
B. The solution of temperature field with transformase and then through the upper vents it should flowyalasaconvection to
In this simulation, it can be expected that themaiag of particular the environment.
transformer parts will be even higher than in thevipus case, since
the transformer case reduces the heat transfehecsiirroundings,  Based on the results of this simulation it is pdssib say that the
what will cause the next warming-up of the transfer. highest temperature was observed on the secondading of the
second phase of transformer and it is 133,71 °@t wépresents (after
subtracting an ambient temperature 22 °C) warmirfg about
111,71 °C. This temperature is higher than the mari allowed
warming of the transformer. The influence of suaghhtemperature
could lead to a significant lifetime reduction bkttransformer, since
every 10 °C above the permissible temperature neguae the
lifetime by half. Due to this reason it is necegdar cool transformer
and thus to ensure the electricity supply religpilas well as to
maximize the transformer lifetime.

C. The solution of temperature field of transformeth an
additional cooling

The ABB fans were used for cooling of the transformérich are
intended for cooling of transformers. There wereduthree fans for
cooling with these cooling bore dimensions 195 8 g8 (height x
width) and input power 40 W. These fans were plamedhe back-
side of the transformer case because the transfdtsedf is located
closer to this side and thus it should be provideel better heat
transfer from the transformer windings. The followiillustration
shows used fan.
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Figure 4. Centrifugal fan

It was necessary to recalculate the fan input pawehneat flux
from the surface, because there was considereththeffectiveness
of 95% as follows:

_P.. [, _ 4000,95
Gen =g 7 0,195D,208

According to Fig. 3 for the need of cooling duritige normal
operation it is sufficient to use only one fan bt type, which
sufficiently transfers away the heat from the tfarmer case. This
fan may not be operated continuously and thereafones proposed
its switching by the heat sensor that starts-up fdre when the
transformer warming is more than 92 °C. This witisere that the
temperature of the transformer will be below theximaim long-term
warming of 97 °C that was set for this transformer.

= §5393W [in? (13)

b)
Figure 5. a) Top view of a transformer in crosgisad) Transformer cross
section from the side of fans

One can see from the simulation (Fig.5a), thatethewas a
significant decrease in the maximum temperaturéheftransformer
from 133,71 °C to 113,1 °C. One can see in Fighdt the heat
transfers from the transformer windings by a faut, there cannot be
seen that the heat comes out from the transforass, because of the
model conditions entering (there was neglectedosading behind
the fans). Thus, the heat removed by the fans akentaway outside
of the simulated model. However, it can be seehttiefan removes
the heat from the windings of the transformer amdkstit cools the
transformer. The highest observed temperature wai® @n the inner
side of the secondary winding of the second phé&geeatransformer.
Based on the maximum observed temperature of 1C3(arid after
subtracting an ambient temperature 22 °C), there warming of
91,1 °C, i.e. the fan sufficiently decreases thaperature compared
to the value of maximal long-term transformer wargniof 97 °C.
There are represented the surface temperaturdse dfansformer in
Fig. 5b, where it can be seen that the fan redubed winding
temperature.

Based on these observed values one can say thafathisan
provide also the long-term operation of the tramsfer at rated power.
However, it is also appropriate to provide the hackf a fan and also
operate a transformer during the possible overléaxd. this reason,
there was also considered option with the other faves to ensure
operation in these cases.
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