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COGLING RADIWMTOR HAVIRG LIQUIB COOLRG

. Fisld of the fovention

FO081] The nventing refstes fo o ocoling radintor, n particaiar 2 cooling radiaky of 3 botler of & transformer
active part, whereln the cooling radistor is vonstituted with ooling efementy theough which ovoling Bauid
heated wa the active part Bows under the effsct of gravity from abovs vig a collector or diswributor pipe, a so-
calted collector, dowmwards to a lower distributin or Collecice, @ sa-calied ewer collector, whersin the cooled
Hopad passes vin fhe fower distributor back it the transformey and wherely wt least one ovoling mdiatar i

X

dsposed reracts foan o dlvently on the waashhomerar ity hotler,

{0027 Cooling radintors of fhds Mind comprise, apart from the upper and lowsy collector, #t loast one sub-modale
of suoling elemenls, which wre Convectad by reepsctive individus! distribador plpes 10 the upper and lowsr

cotlector, wheteln the sub-modiles comprise pipes which ave sach provided at their external side with riba.
2. Priog st

{0003] The cooling slements of tansformers o other slestrival devices cnmprise cooling sl m:mis- ths‘magh

which ofl nsually flows s 1 sooling lgeld, or a corragated metal shest such se ie known fom DE 10 2008 918
37T AL The cooling radistors ceuprising 2 plarality of such combined cooling clements, @ ::’nsfi:ing slemente

arvasged Desids o bebind one another In o row, are constituied as & welded strustre. In ooder & fncreass the

servive bife, they are lequered or galvanised by axpensive dipploy provedures,

{00047 To sontrast with this, production B to be Mmplificd with 2 dmultaneons gas-Hght or oiltight connection
of the cooling sloments o the collecios and, fn pardenter, e hest toanefer or heat tovnsmiscion B e be

imposeed,
3 Prablern of the Invention

{0008 The probless of the tnveation, therstive, was to make available o cooling radistor, whick on the one band

fas 3 siople simcture aud on the other hand sosores overall an Incrsased beat traasfor with identizal externsd

of i

3

dimensions of the cooling radistor, Within the meaning of the invention, this problem i solved with 3 voniing

vadintor comprising the Reatoves of claim 1 Advantagoons developments of the boeotios ave set oat fn the

sependant chabm,

4, Surumary of the fvvention
FOR0S] Within the meaning of fhe ventivg, the sub-mbdules are digpossd vertically wnd normal o the

Jongitoding! direction of the collectors, wherein the pipes of the sub-randules for the ale passags are dleposed in
parailel with 2 spacing fopy one soother. A Sovlioy sadiator v they created which, comprising a plorality of
cooling clentents Tollowhig beslde v behind one another v 3 row amd with an alr gap relafive to oue another,
tmerted do spertwres of the upper colleotor pipe and e fower collector pipe, permily @ partionlarly good wiy

passage hrough the cooling radiator overall and a¢ the respective vooling elements,

00071 AN the cooling clements of the cooling radintor thus contribute, prefiradbly squally, i te heat wansfer

from the cooling wedium, proforalily i, Howing thrvugh the cooling rafiator to the ambient aly Nowing through



the cooting radintoe. A8 & tesolt, @ particalely high sasegy f%swpfzémﬁ of ap to IXB0 KW, preforably of up to

\

39,80 kWi, is achioved with g cooling radisor with 3 width of ap to 540 oy, proforabdy wp o 520 o and a

height of up 10 2 m, proforably o to 1884, & cooling radivtor with & hoight of 85 moapto 3.6 o is preferred,

With optimised croge-santiuns both of the upper and fhe Tower colfentor and of the pipes of the respeative sube

srodules, & flow rate of ofl theough the ooolivg redisdor of p to 2700 kdh, peoforably up to 2500 ka'h can be

achieved.
{0008] Ag has been confirmed by tests, the Hquid, In particular ofl, Sowing thraughohe pipes fom top 1o bottom

with the begt cooling sffect experiences the bosst resiatanee when an optinised orose-section of the cooling

<

elentens of the cooling radiator & obaerved, Since only the least possibile resistances oconr, the system an

operte i e cohvection; fo phmps ars regiired.

{00027 The cooling tadistor s thas present & & compagt soniplese anit, which comprises as swany sub-maodiks
ae degiredd, disposed spaced apart from ose another and vonvected via the Individual distributor pipes to the

collecizes, The amblent aly, i nead be assinted by fangfeentilators, iy abie to How completedy around the entire
coaling radiator and its sub-modales foth fn the transverss and also by the Jongieding! divection. The cooling or

the haxt dissipationhest transfor s this mudntaived very efficiontiy.

{DIG] A preferrad proposal makes provision such that fhe pipes and also the ocdlecton, preferahly the upper
ontector and the lower vollector, as well as e fndividual distributor pipes ave ronds Trem = masterial processable

by extrasion, such as in particulse slusdnion o ahoninies alloys, magnestom o similar lightweight metals
suitable for extrusion. These msterals on the one baod have geod beat trarsfer properties and on the ofher hand
are ontraskarresistant dos  oming wxide layers, so that thet lacquering ot sueh coating or surfios trastosnt iy

~

not peesssacy, and they oun alse be produced easily, Lo preferably exiruded with any desired gemmstey.

{0811} The spertures reguined & the ccnmection of the bdivideal componenty of the cooling mdiator sre
.;m'efemﬁ}iy preduced i g precise nuinney by milling or laser processing, so that sxast jolnts B the mivro-joiating

be achivved profevably by laser welding with o pas-tight or ailtight comnestian,

10012} It ia preforable i cach sub-modide somprises up o 12, prefersbly up to 10 pipes. A cooling rediater is
Hay orvted, the effestive surfee whereof can be adapted to the propertics required of the coufing mdiator, He
arcbisnt atr bedng abde to How sround suid effective surface with partiodady siralghtforwand means sued, W reed
be, sompistely.

< o~

{B013] In e conmection, ¥ v also profirable 3 the pipes of the respective sub-meodules have 2 Sattenad
proforably reotangular crosswsention, v particalsr 3 vectangulse cross-ssction with munded comwrs., ¥ &
partivuleely proforable i coch pipes pomprive 2t loast one fnney wab, preferably two lnner webs, The width of the
e preforsbiy amounts oo to Dikoay, proforsldy wp o 128 mm, ¥ b pastionlaely proforable 1 Sho spasing of
she pipes with respent 1o one another pey sebomodale amownis o up to 38 mm, preforably up 1o 27 nint A
eooling mdiator is thus oreaied which-on they one hand snaldes 8 suffviont theough-flow of cocling smedia sagh ag
o throvgh the pipss of vach sub-module and on the other bund wiskes pipey with sufficiany dimensional stabillyy
available. Finally, an optimised 2y passage through the cooling radistor oversll s hrought aboat by the selection

-

of the prefervad sposing between the plpes, 46 2 vesull of whivh e sooding capasity ono by optimised.



- ES»
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(D014} Morsover, i is prefarable iF the ribs provided on the extermal side of the pipss ars longitadinal ribs, which
sxtond preferaidy over the totad lovgth of the pipes, Lo osseptislly aver the total lengh of Hhe cooling radistor. B
iy puartioudachy preferable i up to 15, mest preforably vp 0 12 Tongitedingd ribs are provided per pipe. In this
songecHon, B i particeliely preferabde i the longitudingd ribs hove @ belght, Lo s sxiension Som the extomad
aide of the pipe outwards, of up to 15 mm, preforably up o 2 an. The spaging of the longindinal ribe from one
another should amcint to 8D 10 28 mum, preferably 8p to 20 pay It order oot caly thus 1o encury o offestive
surface Bt the asuhag ractiator with « high thorma! radintion, it the same thme o to optimiss the transfer of
e heat Fom the wosling medinm o the amblent alr Howing wroind sod Jowing throegh the cogling vadintor.

» &

{0013 in 2 fwther smbodinesnt of the fnvention, It s preferadle if ap & 10, preforaldy up to 8 subvoodules see
provided in the covling radiater. These sub-modules, which are cueh consceied to obe another by anuppsrand v

Jower fndividual distributor pipe, thus offtr & particnlarly lavge offotive aren with w compact design of the

couiing radistor at the sdme Hiae

{D016] In this contection, i Ivalso preforahde i a8 loast the upper sallector, preferably alse the lower sollestor,
has @ ressengidar crossesention, praforably with a size of 20 % 88 nan. ¥ I sise wuost prefrsbie ial foast the
upper collector, praforshly both the upper and the lower collegior, ave disposed &t an end of the fndividost
diatributor pipes and doss dot thersfore hinder the wir flow Howlog iy partioudsr from boltom e top Srough the
enoling radistae along the sebancdales. Selely a3 8 vosalt of the mrangement of the apper collsctor vemoved
from the ventre of e individua! distribator pipes to thelr end, an alr admission o the cooling radistor and analy

«xit Bom the covling radiutor improved by 38% was demonstvably able to b achioved.

FO0ITT A prefursed ombodiment providex for the prefibricated convtraction of e vooling radistor, shereln fue
upper and the lower collontors are disposad In a longitudine! extension and comprbe an wbilrayy muvber of
apertures heing spaced spadt behind ons another ax viewed over the longth thereof], I the vase of oval plpes @ &
copling slement correspondingly shape-adapted elongated holes provided novpsa! to the ongiteding! exteosion,
The opoling clenents are inssried, fornivg  sub-modale, to apertuves of individisal distributor pipes comected
o the upper and the lower colfector, said distaibular pipes having o rectangulnr or agusee forma, whish the
sodlectors alie afvantageotsly bave. The subanodudes vomprishag the ypper @d the e dividoat digrihator
with the foserted sootey slomonts s oonaected, praforably laserwelded, fo thesollvctnes frtan olliight manase
with thelr lndividual dispibutor pipsy raning rovmal 1o e colleotors and, with one of telr aperbves, being in g
fow conveotion with an apertare of the vollscimes, and ravee procisedy suck that the cnlfectors bridee the nd-
moduiss disposed nonmal therote, olther centrally or preferably displaced o the dide and on by eudy of the

ardtvidoat distributor pips.
3, Brief deseripdon of the Spres

FORYET The jnvention fv sxpludved below i greater detall by reforanee to sight Ngwes, in whivh prefderad

soshedinents of the fnvention soe represanted. Tnthe fgamy

Fiagre 1 shess @ Bt visiw of § ceoding radistor auconting to tnventior,
Figure 2 showsyarond vlew of & cooling madiator fom Sgare i,

Figmee 3 shows a view from shove gute the cooling radistor from figores and 3,



-

Figure ¢ showsanindividual disirbutor pipe Bira cooling radiaror aceording 1o e invention,

Figupe 8 shows g scotion of a colfector of 3 vouling radistorasconding B the hrwention,

Figuee & shows ¢ Srosssaction throagh apipe of & sub-readede o « Gt smbodinet,

Frgmee ¥ shows @ crosa-sestion through 8 pipe of g sub-modale I a second smbudinend,

Figure § ahows @ ponpective representation of the sooling radiater acoording to the nvention i 8 view

front top 1o hottonmn
Betailed deseription of e Sgwes

[O018] Figure | shows a front view of 3 completely prefabrivated cocling mdiator 1 prepaved for oxtallation fnte

st reraend Bom a ansformer, Cooling radintor L comprises an upper collector pipe 2 and o lowercolleator pipe

3, which oxo be connested 1o the wansforme ¢ represended) By means of vespeciive fhoges 3w, B0
sortibay & closed off chroult with the ransiormer. Conmected between spper collestor 2 and hower sidlestor 3 88
a pheality of sub-modules 4, which sach extend vertically and normal to the longiiudinal direction of vallestey
pipes 2, 3 in the plane of the deawing. Individual diseributor pipes § ave by tur sesipoed to sub-orodudes 4, said
individua! distribastor pipes being connested Hguid-tight to onllector pipes 2, ¥ and the pipes of sulmodudes 4
order tines to provide the passage of the cooling wadiom suck as off Heougk entive cooling radiator §. Piaally,
mressurement seneors 20, 21 wre connested o uppey volfestor 2 and respectively lower pedlestor 3, freonder
detect the through-flow quantity sz well as the entranee and exit temperatee of the cooling mediam through
cooling rdistor L

3

fing vartiator T figve | Bra side view, as viewsd from the vight, and thus shows

{020] Figurs 2 shows oo
the fron or {8t cubimoduls 40 A large sureber of these suncesaive sub-hodules 4, which are disposed with
clearansy fFom woe wather and are commented to - uppey colfector 2 aud lower vollestor 3, form seoling sadiake
{1y from fgare | Frooa sorebined view of figeres 1 and 2, i can beoscen that smblent air can Sow completely
srocnd conding radiatey 1 and iy sub-madudes 4, and the slomenty sonctitited as oval pipes  is the example of
embodiment {see Hgure 63 The heated vonling Hguid (oif} flowing i froes the consuaey in the divection of the
upper arrow of Sgwre 1 i thuy cooled partiowdacdy effectively oo fts path dowawards, There, the conling figuid
passes 1o the divection of the lower wrrow back to e consiavey tholler; active patt of the tansformer). Cooling
radiator | ean be connected 1o the consuner, optinually with the busrposition of ploalioes, by tieans of Hanges

Za, 3z ol collectons 2, A

{i}ﬁﬁi}. Figure ¥ shows cooling radistor T from figures 1 and 2 s a vlew from adove, Sub-muodules 4 with the
coating elements bwevted By fndividug! distribator pipes 5 are disposed acrmal and vertieal with respect 10 upper
colfectar 2 arad wre bridged by colisctor 2 fving In the contre of sulvmodales 4. Beboodudes 4 sach comprise
fve pipes & with an cusentially rectangular cross~sectiog cnnvested bya conumon tndividual disiibator pipe 5. &

spastng 23 for the passage of cooling alr theaugh respective submodides 4 Is b jum provided hetween pipes &

P

GO23T Figwre 4 shows, as 2 singly woll, an individusl disteibutor pipe § viewed from e side conpristag
| £ : PHsWg

apertures 23, A Houid-tight and gus-tight convection of ndividual distribator pips § fo pipes (not sepresented) for

<t

the passage of the conling madic

arn taken plave viz aportures 23,



V5.

(OR23] Figmee § showsy, 8¢ 8 chgle only @ collector 3 viewed frorn i sidy conpeising sperterss 34, The
connection and gas- and Hguidaight svelifing of oppee collecion T to lodividial disteibator pipes 5 oot

represented) takos place vigapertures 24,

FO024] Fipee § shows 3 srose-sestion Srough & pips 8 with so cssentially rectanguiar sross-sestion and rounded

eomers, Longitudingl oibe 7 dispossd eguidistant fony ape another are disposed onthe externsd side of pipe 6,

6
but at least an the longiudinal sides of pipe §, by meses of which Jongitudinal ribe the offective srea of pipe 6,

wmeesased. An e wak

e the oontand surfecs of pips 6 with the anbicat ol Sewing wrownd pipe 6, I markediy

§inside pipe § 4 abo provided for stabilisation of pipe 6.

{90287 Figure 7 shows x second smbudinent of a pipe § scosrding 1o H bwentivs as pwt of 2 sub-revdule of 2

vonling wdizhar seoveding to e npvention, Plpe § again hay ar escondlelly rostengolar sross-gestin with

rounded vomers, whewin cooling rits 7 oot ddentica! spacing oy one ancthey are disposed on each

[

ongitwdingd side of pipe &, The height of vibs 7, Yo, thelr extension from the axtemal side of pipe & cutwards, B
also identical ver the entive chrountforence of pipe & in order thus fo-create vonsivnt heat townsfy conditions ovey
pipe & In order to Sahilise pipe Hand to divide v cross-seotion info three chanbers of cesentially identioal size

Ber webs 83, 8b are provided, which extand poer the totad eagth ol pipe §

{O0248] Finally, figore 8 shows « payspentive ovenall view of x cooling vadistor 1 secording b the inventfon iy a

wlew from top o bttom, Cooling radistor L oomprises & appey collector pipe 2 gnd v dower collenter pipe 330

which eight ndividual distibutor pipes § ave compected, These individual distribadtor pipes § are fo tums
connected 1o seven pipes 6, over the total longth wheveo! longitudinal ribs 7 extend, Br order to snsues fhe air

passage of the cooling alr throngd cooling radintor v wn essentially unhindersd mvaner, both upper epillestor 2

on

st Tower sollector ¥ &t dispossd offiet foan the ovntral sttt on individa dbsicibator pipes S ise i 3

to the and regions of individuat disieibinter pipgs 8

2 nunhers

i sonting vadiator
2 upper sollactor
2a Bange

fower collscior

3a flange
4 subrmadiate
& individual distebator pips

o

¥

3

engitndiond ribs
33

§ foner web
26 sHsTTTIEnt SeAseY

21 DIeashremsnt sensny
2 spacing hetween pipes



I

23 aperture o ndividual distributor pipe
4 apertire ¥ oolloctar

FoLYvARERuITESES BOTORADIATOR

Sesbadaind fpbaypontol

1. Hisdradistor (1% amely epy foled oyt () ¢4 opy oled gyl (33 vl egy Mthelemekbal 885

2

ek

vonlahl ey részorodult {4) trtalmar, avelyaek kitdelome! mindenkor! egyedi clovetéosBveben {5 hevesattil »

felsd @

3 Govel {3 letve gk aded gyliitdvel (3 vansiak Buyrekatvy, aliol & rdsamedudok {4} olyvan estvelkel {0}
rendeibesnek, nutelysk ke sldalnkon borddiioa] {7) vannak clidtvg, euzed Jellomenve, hogy a risznotitlok {83 a
evhittk 2, 3) heosvdoyirs merblopessn és hovesatirimyhan vanouk ohondezves § hogy » wdamuduiok $43

eafivel £8) & bvepbatinunbishior cgynaws! Meomyes Wyvolsdura 223 plehuzamosan vannak erendaave.

73N

2. Az 1. igSgpond ssecitt hiitSeadidtor {13, sezed Jeffomenve, bogy logalibb a résemodulok (43 csbel (6

ahiminiundd] vagy luminiumodzethd vaanek

I Aol igdaypontok hdrmeiviks azerint hidoadittor {1 el follewmeave, Kogy mindegivili sbzaadul 8

fegfolichb trenidt, ¢iinydsen logtolichh i calived {6) tartalmuz,

p3

4 Aw elzd igdryponiok biresbyike seevintt hltdradittor (1) eged fellemearve, bogy & révamodulol {83 osfond
(8 Blopiiott, oBnydsen Jerfhcedelt wdpyvedy aldd, 20odzen leheedllidt sarkd herosatmetecatid
rendefkeznck,

Stor {1y, auved follomserve, hogy & oxévek {8 Togaldlh oy
L3 8 : ; P RE

>

v,

#

beled valanetalind (8}, <fnyiven ke balsd vilase il (R rendetkarnck,

& Az ot dmvpontok bivmedyike sopring By

& Az okl igémypontok birmelyike seeriatl hitdradittor (1), anted Jellemmerve, hogy & cstivek (8) sedlensdge

tegleliebh 130 manet, olbnyGren 128 mowst sos2 Ak

Te Aw e igduyprotok boeclyike szerit! hitradidtor {1, edued Jellomepve, bogy sostvek {6) thvoledga ey
sy roszemoduing] {1 eglolicbb 30 punst, offurdonn logfolelb 27 mm-t fesz kb

8. Az ciies indhypontok biomelyike seorintl bétSeadittor {1}, eued jolfomezve, bugy & cedvek (8) hovseang
bordikkad {7), cidopisen ghdodt Heondy, AUGnGssn clavisen jegloliebb Hoonkdt bosszaatl borddval 4T
sendetkernek.

. AR lndwypont seerintt hitGradifter (1), sued fellomeree, bogy & hosceantl borddl (7 15 mmelg fegeddy
eldnydsen T2 oy torfodd magassiggal vendetkornek
o A8 vagy § igSeypost seoriel Tditdradiiter (1), axved jellomrenys, hogy o hossmant Sarddk (7} sgyomdsid

vald tivolsage legloliebh 25 manet, eldnytonn lopfeliehh W mmat tosz X4,

saradidtor (1), euzed felemerre, bogy 2 blitsaditorkan {1}

Wi b

. Az 2R fpdnyponick bimadyike e

logSlishb iy olénytsen lopfelicbb nyole réenmedol (4} van shefysave,

123, &z olted ndnyvpontok birmelyike szerintl hintradiftor (1) auoed fellemepve. bogy o hMitdaadidor {1

sealomdes legfolintl 540 -y, elfinytiven legfljebb 320 mont tesn ki



33 Ax e igdovpontok bémmelyike srerindl Midradistor {13, sl felomerre, hogy o hiltdradidter (13

DA v

o

weamassagn 9.5 80 mdtent, ellnydsen leglniobl 100 mdfert tesr ki

4,

srevintt hitdradifter (1), wzoal felemurve, hopy sz ofal Stfvamdd

P

wennyiséys a ht t{'mcizatomn {1} hovesstit fogteliebbh 2700 kg, sltnybscn logfeliohl 2800 eth

15, Az ol0z8 igdoyported Dicwedyike seerintl MitSeadditer {13, onnef fellomenye, bogy o MiGradiStorsn (1)
¥R { 3

kevevath evigrgincivezaids mdridie fogloliobh ARDE KW, cltnyiiven loglehebb 39,80 kWi

20 %

18, Az olzd igényponiok birmelyike szeringl hitdoadidtor (1), wzzed jeffomepie, bopy legaidbbh a

oxy derdbszdglt ndgysaty alakd, »lnyésen 20 x B mm mdratl kevesstimetseatisl rméﬁs?&‘?'iii‘v

R Axeldad igtuypontak bimmeivike svorintl hisSradifter (13, axned fulfomerye, hoyy lepslihd 2 RIS 6

R

Sttryisen vend » ) i {2 ovind polis a@ sl gpdii0 (31 ax cgyedi closcitostvel (51 sl wipde van

X

slrandazes.
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