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The tucbol angdchannel in tushiapedbl adhes wal d
significantly enhance the cooling effect of ge
manufacture cooling channelsenbgsanbdenadvast dga
stray current removal cannot be completely avo
wal | structur e, consisting of a turbulated ¢
el eciiemi cal machining method is proposed in wl
machining requiremenhkEinGhodbughbl ymer syroasl!l iqu

gaps of the gelatinous neelwoctkr csltyrtuec.t uTrhee tsot rfac

to the flow of the |l iquid electrolyte is avoi
A turbulated cooling channel with a rectangul
obt ai nfehdke profile view of the experimentally g
rectangul ar cross section and maintains good s
to be widely applicable toeel wallroshemctal emact
Keywoedsctrochemical machining; turbulated coo

1. INTRODUCTION

I n modern gas turbines, cooling air is tran
t o obdlaiimg ceof fect of up to sever al hundred deg
field in gas turbines. Among sever al internal
received extensi ve-2a.ttlemd itounribaugldactheads @ceadas h i p t
typi cashsapedi ahner wall structures. By i ncreas
hol e, btoawdi ghtusati o and pressure ratio of the
13 Recently, mo st research studies on coolin

i nfl uence of the shape and paramdheraffoédctt hef |
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shapes of cross sectionsofon hteh & ulrebautl att readn scfoeorl
has been Istt uids edoncl uded that when the cross
tur bwloaotledhg channels are of rectangular or tr
apparent 45 vantages |
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El ectrochemical machining tilse apmpirmcieglise nagf t
i on removal to dissolve 68e Werclhpisecea hien tacém
contact, it has the advantages of no residual
har d®-&®s TJehce renldes for electrolysis are theore
are small in size with a complicated shape cal
heated electrolyte can be wusedetmd campmel@ée i bh
Me an whti Hregruagshk el ectrochemical machining proces
usi ng anatsthadiee been i1-5) E setcit g aotcehde nji 1c a | machi nin
and iron colmeemgsifladieed !l [s o

The inner wall structure of a turbulated c
el ectrochemilé¢-aP. marr helne amtgr de t hat has periodi
based on |ithogrraptlye wiacsalusmalctiiomi md etcd real i z
cooling 1@WhanHewsvdr, the photoresi st surface
adhesion, making it easy to fall off mndiurg npgr ach
i's complicated and the cost is high. Another e
for the turbulated cooling channel . I'n this m
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sever al grooves, apneadcoboaeedtWwetlyronsebating gl
cat hode. Next, a turbul atsehdapedolcirngs s c hsaencnte lo
manuf ad®ur ¢ddd wever, owing to the | imitations of
processing methods for turbulated cooling char
the cathode such that the flow of the electrc
inability to form an hiennteurr bwa lalt endi ccroooslti rnugc tcuhrae
or trapezoidal shape, thus affecting the coolii

I n this paper, an electrochemical processir
resolve the probl em noft hset realye ccturrorcehnetmirceanho vnaal c |
cooling channel-sinKihmguigm podlymemnss the | iquid
the gelatinous network to feoomnthel gelt atoifiyausn
amount of materials is achieved by positionin
stray current removal caused by the flow of th

by flushing pure water.

2. MATERI ALS AND EXPERI MENTAL

The schematic of the electrochemical machin
el ectrolyte is shown in Figure 2. The tool ele
the coolinghehboolklelectrode with gelatinous €
the power supply, and the workpiece is connect
flows from top to bottom i n twhoer kgpa pesc eb e tTvhese nt
wor kpiece are connected to each other through
conductivity, and thus, electrochemical proces
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I n the machining process, gel atinous el ect
fluid. The el ectrochemi dal trhac hairneiansg iins ccoanrtraic
el ectrochemical reaction occurs in the areas t
even eliminating the stray current corrosion
the -poxed machining of the turbulated cooling
processed product i's discharged in time by th
wat er.

The core differecbembeaiweemachheai pgeptpooess
using gelatinous electrolyte and the convent.i
electrolyte. The properties of the gel atbBBODSg
efficiency of the electrochemical machining pr
to machine the gelatinous electrode with peric
preparation stage (nRitguwurte, 3a)i medbdlyil @dal bgptdammne
allyl phosphonate (DEAP) are weighed separatel)
DEAP, 5% Clay, 8% NaNO3), sequentially added t
untéeéllear solution is obtained. Due to the infl
the medium, the stirring time ranges from 30 n
3b): The prepared susmamddedegaglel!| ipqwipdriag iiomt m
good contact properties between the electrode

gel preparation mold in the experi menta ardtei ew
an intelrinmaki cgosesaction in polymers of the sus
electrolyte with good solid forming ability, é
wetted, the motlad dbst adiins aass sgearibd teidnous el ectrode
(3) Repeated preparation of several gel segmer
repeated t o -edtletcdirmgdeal sathrgdcet ur e. eTghnee nrt s mbiesr d
according to the number of rib structures in
shown in Figure 3f).

The gel forming performance is mainly affe
crosslinleenrodydeesolution concentration i nsi
Figure 4 is mai n-l gy e o eddionsebndseieofn aal muelttwor k st r u
monomers. Certain channels aredfohemed Hdeametear

affected by the concentration of the electrol
pore size not only corresponds to more electro
but amstoegprtohe fl ow of electrolyte solution, [
conductivity of the gelatinous electrolyte.
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e fderent visual repr ee Rt5a&4 iDEMP, o 5 %g &Il a(y

photo of gelatinous electrolyte; b) SEM

ure 5(a) shows the diagram of the exper
S using gelatinous elheicnirmg y¢ @nt rnoalilndry,
ing inspection, (direct current and pul
ing process, the machining controller se

i
ingalt hemoX¥dhematxi of the entire experi ment
ing signals to/from the power supply thr
ing process wusing gel ati naogues wa veecftorom yd L
ing process without significant fluctua
V. Figure 5(c) shows the curve reflecti
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I n the initial stage, the machined camtdact
hence, the gel electrolysis reaction is rapid,
The current i s stabilized above 200 mA in the
its peak appearslatstage mwmA itmet hmel i il teica r oc he
machining process progresses, the current grad
of the machining process, the currehmej st hess|
the electrochemical machining is too | ow. Con

rotating the electrode and washing with the e
recovers from 80 pmAdtuot 13adsamAbed hen the gel
conductivity of the electrolyti c5(we)dikricnegp rgeesle ni
the time when the system i selsdatr dolwemif oal crhac
which is not included in the overall time of t

3. RESULTS AND DI SCUSSI ON

A gel atinous electrode of di ameter 5 mm w

(explained. 2n tSekeati oses DMAA (4. 75%), DEAP (0.
(8%), as shown in Figure 6(a). The voltage of
was 50 r pm, and the electrochemicals maerhfir meac

pure nickel. The results are shown in Figure 6
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exhibits a nonlinear <characteristic. At the b
relatively fasmh, apimin chchiemdg ctelse wimachi ni ng tarc
cooling channel -wedthi orealt anlgapearamca ossri b heig
i n Figure 6(cmenUsongdtbenabotveati enrof yltiequwinc
same power supply voltage (6 V), the materi al

a serrated distribution. During the machining
stability reduftciedi, emakmaghitmieng of turbul ated
shown in Figure 6(d). Figure 7 shows the profi
channel structure has a rectangmudsas. cross sect
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8 %NaNO3h)) experi ments ruessiunlgt sg,elca)t i(maoculesir meid heg

Ni oVt age: 6V, el ectr)odd) rmaehi ohngpaedabas
(mater,Nalft age: 6V, electnode rotation speed:
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I n the process of el ectrochemical machinin
electrolyte |l eads to the distributi-mpmoods siumrg ¢
The stray ciprrroerets siimgt mhaecmomifigcdscurmhacy, espe
and edge. | mprovement on machining asharacypub
power supply have been investigated. However,
bevam ded effectively. I n el ectrochemical ma c
el ectrochemical reaction bet vwaer eeslsa ontgr alryetag a
stray <current removal at tthree sphraa o saendg | pr oacneds

machining structure with obvious edge and sha
gel atinous electrolyte can effectively suppres
el ectamd yitse,sui table for the electrochemical m

I n the process of electrochemicahemaochhegaeodg
machigpegdt hgemdcessi Tdipgoabbeyng nseepfef eecavii tvle | ¥ h e
i ncrsett e mawbi braegsgy, | t I n e lneccrteraosci hnegmpintcdablu Th e a ot
production remains on woesdéer maebabf hiMemthavlhe ¢ t
gel at i noluyst eel wiclttru & r £ a k thbed n ssvteodadltdiprsee and a | a
dehydratwhenftahéeé umachi ni n@grvaeolhtaga pies i wmemy , hit d
processing speed of gel el eotprtalny trdaa fpvna loteys ¢ € .n

Dur i nnga cthhieni n,g ephreocctersosl yt e s oilugii den tchoen cealt r
rapi ddely, aewbit heyer nalofstriuetgele, |l eading to the
prevent thievageél,dBatndantgdead nel e c ttrhiec gceoln dsuhcotui lvdi t
t hgquaous wiotlhuttitcoen camierf atrieormnd af tteirent & masla evh il
exchange baol d&arecceqre ¢ MemWwkimhe, gel shoul d be inspe

and it will dee U= cwwidtl hi tnti loteh es aame concentrati o
el ectr ol yitnes isdoel atoldemuhesl masc hi ned surface will Dbe
not only decreases the recycling times of the

To avoid t hessdearmaiggele uspgétisale cl eghi B @ & eplduaiiveda rwi
hol e toecliadaanddepHuer iit i es generTheedpeai ahel pqo
nooworrbeiAlbuemitnonseur e t hes arcfcaacacy of

Manmet hodsedwdi ng stray corrosion of electro
impreovmac haicrciubbga c y e sseSehragpheed cat hode prepared by
usual |Ay tuhsmoasgkh el ectrochemi cal ma c hi nbirnigc aptreo che
array that are difficult to 41381 . uBEi egttoaeldemio
processholf egisitasugsed ng masked porous cat MdsE8 has
19P. The masked cathode is used to ensure that
i's uniforGompedraed vweiltyht Hihectoaidie h efieecltd i dbgt ri
restricting theaofksowhef pebbtemoloyftet he stray
machining. The catshhadd dwitthhe osaetmhal yedasdntooo ai @ p
anode and catehederexinsatnsy. vlerti cal or sharp coc
turbul ated coomagamgt cbdnao@ahnosoméémeacthh emumigg oAt @
cooling |l ohawmhgdlteicom ochemi cal machining witd au
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I mprove the | ocalizati osni gfi f[#6c@amed aalxe mii @aly ¢
consisted in the mask to reduce the | ateral un
texture. However, the i nner wall structure of
anode, which is out of touch with cathode, can

4. CONCLUSI ONS

El ectrochemical machining using a gelatinol
of stray current corrosion. When this techniaqu
channel, a turbul ated cgouollairn gc rcohsasn nseelc tsitornu cctaunr

The gel atinous electrolyte prepared wusing
NaNO3 solution (8%) is suitable for the electr

The removal speed odachtima ngl egatorcecshse miscian g
exhibits a nonlinear characteristic. At the be
However, the materi al removal speed reduces wh

Il n tthuer ef,u we wi | | use the gelatinous el ect
technol ogy of ot her met al materials (i.e. St e
proposed in this paper is exgpeetmad atlo mmaec hwind enlg
structures in narrow spaces.

AUTHOR CONTRI BUTI ONS

Conceptualization, K.W ; Formal analysis, K.W
and Q. S.; Project administratoroing i nka.lW.dr aSutp,e rK
review & editing, Y. W

ACKNOWLEDGEMENTS
This research was funded by the National Natur

CONFLI CTS OF I NTEREST
The authors declare no conflict of i nterest .

References

P.Singh, Y.B. JiandS.V. Ekkad,J. Turbomach.141(2019) 071003

J. PattavanitcndS. HindujaCIRP Ann, 61 (2012) 199

C.P. LeeandR. S.P. Chiu,U.S. Patent(2003)6582584.

R. KamaliandA. R. BineshJnt. Commun. Heat Mass Transf86 (2008) 1032

T. Alam, R.P. SainiandJ. S. Saini,Renewable Sustainable Energy R8%.(2014) 289.

C.S. Gao, Z. Liu, Y. QiandK. Zhao,Int. J. Electrochem. Sc¢il5 (2020) 94.

D. Y. WangandJ.C. Zhang)nt. J. Electrochem. S¢il4 (2019) 9741

Z.Wang, SQ. Qian, HB. Cao, H. ZhangndK. Bao,Int. J. Electrochem. S¢l.1 (2016) 6126
R. Thanigaivelan, RM. Arunachalam, M. KumaandB. P. DheerajMater. Manuf. Processg83
(2018) 383.

COoNoOoOhRWDOE



Int. J. Electrochem. SciMol. 15, 2020 543¢

10. S. KunarandB. Bhattacharyyayater. Manuf. Processes3 (2019) 487.

11. S.Q. Qian, Y.Y. Wu, K. Bao, Y.D. Zhou, H.B. CaoandH. Zhang,Int. J. Electrochem. Scil4
(2019)9273

12. X. L. Chen, N.S. QuandH. S. Li, Int. J. Adv. Manuf. TechnpB0 (2015)1577.

13. G.Q. Wang, HS. Li, N.S. QuandD. Zhu,J. Mater. Process. Technok34 (2016 95.

14. X. L. Chen, GC. Fan, CH. Lin, B. Y. Dong, Z.N. Guo, X.L. Fang, N.S. Qu,J. Mater. Process.
Technol, 276(2020)116406

15. X. F. ZhangandN. S. Qu,Int. J. Adv. Manuf. Technpb9(2018)1661

16. S.Q. Qian, FJi, N. S. QuandH. S. Li, Mater. Manuf. Processe29 (2014)1488

17. J. Wang, W. Chen, F. GamdF. Z. Han,P. J. Mech. Eng. B. Eng, 230(2016) 466.

18. B. Wei, B.A. Knudsen, HP. WangandW. T. CarterU.S. Patent(2011)6267368.

19. M. H. Wang, W. Peng@ndC. Y. Yao, Int. J. Adv. Manuf. Tectol., 49 (2010) 969

© 2020The Authors. Published by ES@&Ww.electrochemsci.ojgThis article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/).



http://www.electrochemsci.org/

