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Experimental Research Agency of Fouling on Heat Rating of
the Tubular Ridge Convector

By Sukhotski Albert

Abstract- The experimental research of intensity of a thermal stream and distribution of temperatures on
ribbed pure and low-purity surface of the tubular ridge convector with spiral aluminium ribs is spent at air
free convection. Researches were spent by a method of full thermal model testing at specially developed
experimental stand, and ring uniform pollution ribbed tubes was created by dense winding between ribs
of a linen cord or wrapping of tube by an aluminium foil.

It is revealed that at a free convection in tubes with a close arrangement of ribs of pollution of
intercostal space at the basis opebpeHus does not lead to essential decrease in a heat rating (less than
10 %), and the decline to give heat properties of a tube occurs only at pollution of cops ribbed (on 20,5
%). The temperature on altitude of a lateral surface of a rib decreases slightly (less than 2 %), and on a rib
cop in relation to the basis - for 6-9 %. Hence, at maintenance of ridge convectors of systems of heating
their frequent and careful clearing of pollution is not obligatory.

Keywords: bimetallic ribbed tube, convector, pollution, heat rating at air free convection.
GJRE-G Classification: FOR Code: 291899p
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Experimental Research Agency of Fouling on
Heat Rating of the Tubular Ridge Convector

JKcnepuMeHTaNbHOe UCCAeA0BaHMe BANAHME BHELLHEro 3arpsisHeHMA Ha TeN0BY MOLLHOCTb TpybuaToro
pebpucToro KOHBEKTOpa

Sukhotski Albert

Abstract- The experimental research of intensity of a thermal
stream and distribution of temperatures on ribbed pure and
low-purity surface of the tubular ridge convector with spiral
aluminium ribs is spent at air free convection. Researches
were spent by a method of full thermal model testing at
specially developed experimental stand, and ring uniform
pollution ribbed tubes was created by dense winding between
ribs of a linen cord or wrapping of tube by an aluminium foil.

It is revealed that at a free convection in tubes with a
close arrangement of ribs of pollution of intercostal space at
the basis ope6penua does not lead to essential decrease in a
heat rating (less than 10 %), and the decline to give heat
properties of a tube occurs only at pollution of cops ribbed (on
20,5 %). The temperature on altitude of a lateral surface of a
rib decreases slightly (less than 2 %), and on a rib cop in
relation to the basis - for 6-9 %. Hence, at maintenance of
ridge convectors of systems of heating their frequent and
careful clearing of pollution is not obligatory.

Keywords: bimetallic ribbed tube, convector, pollution,
heat rating at air free convection.

Ab6cmpakmHebilii- MNposegeHo aKcnepumeHTanbHoe
uccnefoBaHWE  UHTEHCMBHOCTM  TEMJIOBOFO  MOTOKA U
pacnpegeneHve Temnepatyp Ha opebpeHHOW uucton wm
3arpAsHeHHoM NOBEPXHOCTH Tpy6uaTtoro pebpucroro

KOHBEKTOpPA CO CNUPaZbHbIMU aNtOMUHMEBbIMU pebpamu npu
cBo60AHOI KOHBeKuuM Bo3ayxa. UccnepoBaHua npoBoauaUCh
METOAOM MOJIHOTO TENJIOBOT0 MOAE/NMPOBAHMA Ha CneuunanbHO
pa3paboTaHHOM 3KCNEepUMEHTAZIbHOM CTEHAE, a KoJbLeBoe
paBHOomepHoe 3arpsasHeHue opebpeHHoIl Tpy6bl co3pgasanochb
nyTem NJIOTHOW HaMOTKU MeXAay pebpamu /NbHAHOrO LWHypa
unu obeptbiBaHUeM TPy6bl antomuHMeBoW Gponbroi.
O6Hapy:KeHO, YTO MPU eCcTeCTBEHHOW KOHBEKUUU B
Tpybax C TecHbim pacnosoxeHuem pebep 3arpAsHeHuUA
MeXKpebepHOro npoCTPaHCTBA Yy OCHOBaHUA opebpeHus He
NPUBOAUT K CYLLECTBEHHOMY CHUKEHMIO TENI0BOW MOLLHOCTU
(meHee 10%), a yxyplieHMe TennooTAAIOWMUX CBOMCTB Tpy6bl
NPOUCXOAUT TONbKO NpU 3arpA3HEeHUU BepxylueKk opebpeHus
(na 20,5%). Temnepatypa no BbicoTe GOKOBOI MOBEPXHOCTM
pebpa ymeHblaeTca HesHauutenbHo (meHee 2%), a Ha
BepxywkKe pebpa No OTHOLWIEHUIO K OCHOBaHUIO — Ha 6-9%.
CnepoBaTenbHO, NpU 3KCMAyaTauuu pebpucTbiXx KOHBEKTOPOB
cuctem oTtonsieHUa He obsA3aTenbHa MX 4acTas M TWaTenbHas
OUMCTKA OT 3arpsA3HeHus.
Knrouesble cnosa: bumemannuyeckas pebpucmas mpyéa,
KOHBEKMop, 302pA3HeHUe, mernao8as MOWHOCMb npu
ecmecmeeHHoU KoHeeKUyuu 8030yxa.

Author:  Assistant professor Sukhotski A. B., Ph. D. student E.
S. Danil’chik, Belarussian state technological university.
e-mail: alk2905@mail.ru

[. Bsepenune

O MHOTMX CTpaHax, B Tom uucne u Poccuu,
pacwmpaeTca NpMMeEHEeHWe B CUCTeMax OTOMNEeHUA
TpybyaTo-pebpucTbix HarpesaTesibHbIX Npubopos —

KOHBEKTOPOB, KOTOpblE XapaKTepusylTca Manoun
WHEPLUMOHHOCTBIO M META/IZIOEMKOCTbIO,  NPOCTOTOM
M3roTOB/IEHNA,  BO3MOMKHOCTbIO  MEXaHW3MpPOBaTb WU
aBTomaTm3snposatb ux npoussoacteo [1, 2]. OgHum u3
BMAOB  KOHCTPYKTMBHOIMO  WCMOJIHEHUA  KOHBEKTOpa
ABnAeTcA  GumeTanamyeckaa  Tpyba Cc  Kpyrabimu
ANIOMUHNEBBLIMM pebpamu. Mnowaapb BHeLLHeNn

NoBepxXHOCTU pebpuctoit Tpybbl BO MHOro pas 6osblie,
yem nnaowanb MOBEPXHOCTM rNagKkon Tpybbl TOro ke
AnameTpa M AAMHBI, 4YTO NpPUAAET  OTOMUTE/IbHOMY
npubopy ocobyto  KomnakTHOCTb. K  HepocTaTKam
KOHBEKTOPOB OTHOCUTCA TPYZAOEMKOCTb OYMCTKM OT Mbla.
Mpu aKcnAyaTaLMn KOHBEKTOPA NPOUCXOAUT CHUMKEHUE ero
TEN/JIOBOM  MOLWLHOCTM B pesynbTaTe  3arpsA3HeHuUs
BHYTPEHHEN 1 HapyXHOW Ten1006MeHHOM NOBEPXHOCTHU.
MeToauKK TenaornapaBANYECcKOro pacueTa
opebpeHHbIX BUMeTanInYeckmx Tpyb ANA BbIHYKAEHHOU U
cBOH6OAHON KOHBEKLMMN NpUBEAEHbI BO MHOTMX MCTOYHMKAX
[3—9]. B cnpaBouHoit autepatype [3, 4] umeetcs
[0CTaTOYHO 6onbluoe KOIMYECTBO NpoBepPEeHHbIX
NPaKTUKOW  [aHHbIX MO  BeAMYMHE  TEePMUYECKOro
COMPOTUBNEHUA ABWMNKYLUMXCA BHYTPU TPYObl PasIMyHbIX
OX/1aXKAaeMblX TEXHOJIOTMYECKUX SHeproHocutenen.
MoaxoAbl K y4yeTy BHELIHero 3arpsasHeHus NpeacTaB/ieHbl
TOMIbKO ANA BbIHYKAEHHOW KOHBEKLMU U NPUHLUNKUANABHO
NpPOTMBOMNO/OXKHbIe. o  MmHeHuwo [4, 5] sauAHue
3arpsA3sHeHUA C BO3AYLIHON CTOPOHbI MOYKHO He YYUTbIBATD,
TaK Kak KoapPUUMEHT Tennootgaum ot opebpeHus K
OX/1aXKAaloLeMy BO34yXy HM30K U MO3TOMY TepmUYecKoe
COMpPOTMBAEHNE TEnJ00TAAYM C BHELWHEN CTOPOHbI
ABNAeTcA  onpegenswowmm B obwem  Tepmuyeckom
conpoTuBaeHun  Tenaonepegaun. OpfHaAKo  HaTypHble
3KCNepuMMeHTabHble nccnenoBaHuA [10, 11]
Tenjonepeayn annapaToB BO3AYLIHOIO OXNaXAeHUA W3
6umetannuyeckux pebpuctoix Tpy6 €  HakaTaHHbIMM
aNlOMUHNEBbIMM pebpamMu yKasblBalOT HA YMeHbLUeHMEe OT
BHELWHEro 3arpasHeHns  opebpeHua  KoadpduumeHTta
Tennonepeayn 4o 12% npwu BbIHYXAEHHOW KOHBEKLMM.
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PaspaboTaHbl TaKKe TeopeTMyeckue Mogaenmu
pacyeta KoapoduuMeHTa Tenjonepedayn opebpeHHON
bumeTannmyeckolt Tpybbl C KOJbLEBbIM pPaBHOMEPHbLIM
3arpasHeHvem [12—15] paonsa  paspeskeHHbIX  Kpyrabix
pebep, KoTopble, 0/HaKo, He NoATBEPKAEHDI
3KCNepMMeHTaNIbHbIMW AAHHbIMMU.

Uenb paboTbl - 3KcnepumeHTasibHoe
uccnefoBaHMe MHTEHCMBHOCTM  TEMJIOBOrO MOTOKa M
pacnpeaeneHne Temnepatyp Ha opebpeHHOM YucTon M
3arpsA3HEHHOM NOBEPXHOCTU Kpyriopebpucron Tpybbl npu
cB0bOOAHON KOHBEKUMN BO3AyXa.

[1. OcHoBHas Yactb

Ob6bekToM nccnefoBaHuA ABNANaCb
bumeTannmyeckan pebpucraa Tpyba €O cnupanbHbIMKU
HaKaTHbIMK pebpamn. MaTtepuan pebpucrtoir 060104KN —
anomumHuesblid cnnas AQ1M, maTepuan Hecyleit Tpybbl —
yrnepoauctaa cranb Cr10. AunameTp Hecywen Tpybbl
d, = 25 mm, TOAWMHA CTEHKMU d = 2 mm.
FeomeTpuyeckme nNapameTpbl 0pebpeHus, Mm: HapyKHbIN
avametp pebpa d = 56 mm; BbicoTa pebpa h = 14,6 mm;
AvameTp no ocHoBaHuio pebpa dy = d — 2h = 26,8 mm;
war pebpa S = 2,5 mm; cpeaHaa TonlwmHa pebpa A = 0,5
MM; KoaboduumeHT opebpeHmna Tpybol ¢ = 19,26. MonHan
ANMHa BUMeTanIMyeckon Tpybbl C TOPLLEBLIMKU y4acTKaMu
330 mm, Tennootaaowan ganHa —/ = 300 mm.

MccnepoBaHua NpoBoAMAWNCH METOAO0M MOJIHOMO
TENa0BOro MOZENNPOBaHUA Ha cneumanbHo
paspabotaHHom B [16] aKcmepumeHTanbHOM CTeHae AAA
nccnenoBaHna cBoboaHO-KOHBEKTUBHOIO TenanoobmeHa. B
LueHTpe cTeHAoBoi Kamepbl pasmepom 0,8x0,8X1 m
pasmellanacb uccneayemas opebpeHHasa Tpyba, KoTopas
ABNANACL KAIOPUMETPOM C YCTAaHOB/NEHHbIMWU CpeACcTBamMM
n3MepeHus.

KOHCTpYKUMA  OMbITHOM
npeactaBneHa Ha puc. 1. BHyTpu 6BumeTannmuyeckomn
pebpuctoit Tpybbl 7, YyKaszaHHOW Bbllle, YCTaHOBAEH
TpybuaTbiit anekTpoHarpesatens (TIH) 2 co chegyowmmm
napametpamu. guametp — 12,5 mm, anmHa 320 mm,
MOLLHOCTb 320 Br. BHyTpw 060/104KH T2Ha,
BbINO/IHEHHOTO W3 YrNepoAMCTON CTan W, pasmelleHa
cnuMpanb 3 W3 MPOBOJMIOKA C BbICOKMM OMWYECKUM
COMPOTUB/IEHUEM W HAMNOAHWUTENb (INEKTPOTEXHUYECKUIA
nepuknas mapku MM3J). C nomMowpo LEHTPOBOYHOIrO

TpybbI-KanopumeTpa

KomnbLua 4 obecneuunBanacb LeHTpanbHoe
pacnonoxeHne TOHa B Tpybe. A C Lenblo yCcTpaHeHust
BHYTPEHHUX  KOHBEKTMBHbIX TOKOB BO3gyxa MU

paBHOMEPHOro mnporpeBa pebpucton Tpybbl Mexay
TOHom U1 cTanbHOW CTeHKon Tpybbl, 3acbinancs
KBapLeBbli Necok 5 aucnepcHolM coctasom 0,16—0,32

MM. Topupbl Tpybok repmeTU3NpoBanucb
BbICOKOTEMMNEPATYPHOW CUNMKOHOBOW 3aMa3Kom 6.
Ona wn3amepeHnsa cpegHen  Temnepartypbl

NOBEPXHOCTU KanopuMeTpa Yy OCHOBaHUA pebep tug
3a4YeKaHMBanoch CBUHLIOM naTb Meb-

© 2021 Global Journals

KOHCTaHTaHOBbIX Tepmonap 7 BAOMb obpasytoLlen
TpyObl, COBWMHYTbIX OTHOCWUTENbLHO ApYyr Apyra Ha
yrnoBoe pacctosiHne 45°  Tepmonapbl  6binu
3aOXeHbl Y OCHOBaHusl pebep BOoONb obpasyoLlen
TpyObl MO BMHTOBOW JIMHUWN Ha MOJIOBUHE OKPYXHOCTU
TpyObl, cuyMTas, 4TO BTOpasi MOJIOBMHA UMeeT
cUMMETpUYHOE none  TemnepaTyp. Takke Ha
NoBEPXHOCTU pebpa, pasMeLLEHHOro B LeHTpe Tpybhl,
npunaveanucb yeTblpe MeOb-KOHCTaHTaHOBbIE
Tepmonapbl 8 (guameTtp nposoga 0,2 MM) C Llarom
3,65 MM OT OCHOBaHMA no BbicoTe 3,65 MM H
nocregHen Tepmonapon pasMeLleHHOW Ha BepXyLUKe
pebpa (puc. 1, ceuvenue /). [lpeaBaputensHo
TepMonapsbl 6bi1 NpoTapupoBaHbl ¢ To4YHOCTbio 0,1°C.
TopueBble y4yacTku opebpeHHON Tpybbl 3allMLLEeHbl
dTOpPONIacToOBbLIMU BTYNKamu 9 HapPY>KHbIM
onameTpom dg; = 45 MM, JfavHOW [ = 35 MM,
rmyévHon by = 25 Mm. C  uenbio  u3MepeHus
TOpLEBbIX MOTOKOB Tenna Ha MoBepXHOCTU obeunx
BTYNOK C NPOTMBOMOJIOXKHbLIX CTOPOH 3aKpenssinocb no
nBa cnad obuwen 4-cnaviHoW Meab-KOHCTaHTaHOBOWM
anddepeHymnansHon TepmobaTapen.
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Puc. 1: Obwwmn Bug KanopumeTpudeckon Tpybbl: 7 — GumeTtannuyeckas pebpucrast Tpyba; 2 — Tpyb4daTthbin
anektpoHarpeBatenb (TOH); 3 — — cnupanb TOHa; 4 — LEHTPOBOYHOE KOMbLO; 5 — KBapueBbIN Necok; 6 —
BbICOKOTEMMNEpaTypHas CUNMKOHOBAasi 3amMa3ska; 7 — Me[lb-KOHCTaHTaHOBbIE TepMonapbl y OCHoBaHusA pebep; 8 —

Me[b-KOHCTaHTaHOBble TepMonapbl Mo BbicoTe pebpa; 9 — pToponnacTosas BTynka; 10 — NbHAHOW LUHYP

lMokasaHnsi Meab-KOHCTaHTaHOBbLIX Tepmonap
7 n 8 duKcmpoBanucb C MNOMOLLLIO BOMbTMETpaA
(Mopens GDM-78341 knacca TouyHocTn  0,25),
NOOKITIOYEHHOro 4epes3 nepeknovatenb. XOnoaHbIN
cnau Bcex Tepmonap nometyancs B cocya [btoapa.

Mpn nccnegoBaHnn KomnbLEBOE PaBHOMEPHOE
3arpsisHeHne opebpeHHoM TpyObl co3aaBarnochb MyTem

e
Lol

""(.://\ Taken with Zenfone

a

NNOTHOW HaMOTKM Mexay pebpamu NbHAHOro LUHYypa
10 anameTpom 1,7-2,3 MM, cpenHen
TennonpoBoAaHOCTbI0 A, = 0,05 BT / (M K). Takum
obpasom, B MexpebepHOM MpoCTpaHCTBE Co3aBarcs
cnon Bbicotom h, = 3,3; 6,3; 8,7; 11,4; 16,1 mm ¢
HepaBHOMepPHOCTbIO +0,4 MM ((puc 2, a) ).

Puc. 2: ccnepoBaHue KOmMbLEBOIO PAaBHOMEPHOTO 3arpsi3HeHnst opebpeHHON TpyObl MyTeM HAMOTKW FNbHSIHOTO
WHypa a u obmaTbiBaHueM donbru 6

Tawkke, ans obecneyeHns MakCMMaIbHOMO
TepPMUYECKOro COMNpOTMBNEHMUS mMexpebepHoro
NPOCTPaHCTBAa, Ynuctasi opebpeHHast Tpyba repMeTU4HO
obmatbiBanack antoMuHueBor ¢onbron TonwmHon 0,3

MM (puc 2, 6). Takmm o6pasom, [ocTuranocb
3anornHeHne mMexpebepHoro npocTpaHcTBa
HEMOABWXHbIM  BO3yXOM n  obecneuynsanocb

MaKcUMarbHOEe CHWXKeHMe TennoBolr 3adhdekTUBHOCTU
pebpucTomn Tpybbl.

MogoBoa TennoBOro MNOTOKa K OpebpeHHbIM
nosepxHoctsaM obecneyuBanca TOHom, koTopbii
noakntoyancs K  perynupyemMomy  MacrisiHomy
TpaHcdopmaTopy (Mmogenb AOMH-40-220-75).
MowHocTe, nogsogumas K opebpeHHon Tpybe,
uamepsanacb BatTMeTpom (mogenbs K 505 knacca
ToyHoctn 0,5). TemnepaTtypa Bo3gyxa [, BHyTpwu
Kamepbl n3mepsnach OBYMS PTYTHLIMU
nabopaTtopHbIMM TEpMOMETpamm co wkanon 0—50°C un
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ueHon peneHus 0, 1°C, pacnonoXeHHbiMM B
OVaroHanbHO MPOTMBOMOMOXHBIX ee yrnax. PTyTHble
LWapuvK1 TEPMOMETPOB 3alUManuncb OT M3IydYeHus
nyyka aKkpaHamu U3 antoMmMHNEBON POMbIN.

Tennota oOT opebpeHHOM  MNOBEPXHOCTU
KOHBeKLUneln " n3nyyeHuem nepepaesanacb
aTtMocepHOMYy BO3AyXY, KOTOPbIA 3a CYET pasHOCTU
NNOTHOCTE  HArpeToro WM  XOfodHoro  Bo3ayxa
nogHMmarncs BBepx B OKpyxatollyo cpeny. Bo Bpems
3KCMEepPUMEHTaNbHOr0  UCCrneaoBaHus  opebpeHHomn
TpyObl 3nekTpuyeckass MOLHOCTb, MOABOAMMAs K
Tpybe, mopaepxuBanacb MOCTOSHHOW ANs NbHSHOMO
wHypa W = 4042 BT ® u3MeHanacb Ans Bo3gyxa
W = 10,3—77,5 Bt , Temnepatypa CTeHKM Yy
OCHOBaHusA pebep cocTtaBnana fo,, = 80—94°C, a
TemnepaTypa OKpyXawllero BO3gyxa B Kamepe
t, = 18,4 — 20,1°C.

YpenbHbI TENNOBOW NOTOK q, BT/M, Ha 1 ™
MOrOHHOWM ANWHbI KOHBEKTOpPa OTBEAEHHbIN OT TPYObI K
BO34yXY KOHBEKUMEN U U3NYYEeHUEM, paccCyuUTbiBancs
13 ypaBHEHUS

q:(W_Qi)/I’

roe Qn — TennoBble NOTepu Yepes Topubl TPYD
M TOKOMOABOAbI (paccyuTbiBanUCb 4epe3 paHee
MOMYYEHHYK 3KCMEPUMEHTANbHY 3aBUCUMOCTb MO
cpegHen TemnepaTtype Ha NOBEePXHOCTU BTYIOK), BT.

PesynbTaTbl 3KCNEPUMMEHTOB NpeAcTaBrieHbI
Ha puc. 3, 4. Ha puc. 3 nokasaHa 3aBUCMMOCTb
OTHOCUTENbHOW TEMNOBOM MOLLUHOCTU TPYObl q / Aty

OT TEpPMMYECKOro  COMPOTMBIIEHUS  3arpsi3HEHUs
Ry = hy/ Ay, TBE Algey = loew — Iy, — cCpenHee
yBENMYEHNE TemnepaTtypbl y OCHOBaHWUSI OpebpeHus
Hag TemnepaTypon OKpyxawwen cpegbl. [pu
pasvelleHMM B MexpebepHOM  MpOCTpaHCTBE
HenogBwxHoro Bo3gyxa h, = h = 146 MM, a
KO3(h(PULMEHT  TENnonpoBOOHOCTU  BO3AyXa A,
onpepenancs B 3aBMCUMOCTM  OT  CpegHemn

TemnepaType no NoOBEpPXHOCTU pebpa.

Kak BMAHO, Npu BbICOTE 3arps3HEHNsi MEHbLLE
BblcOTbl pebpa (h; < h = 14,6 mm), Tennosas
MOLLUHOCTb  TpyObl yMeHbLlaeTCd He3HauyuTenoHO
(MeHee 10%). lNpu nonHOM 3akpblTUM opebpeHus
cnoem 3arpsisHeHus u3 NbHSAAHOrO LWHypa
(h; = 16,1 MM) TennoBad MOLLUHOCTb YMeEHbLUaeTcs
Ha 20,5%. No-BnaMmomMy, 3TO OBYCNOBMEHO TEM, YTO
npu eCTeCTBEHHOW KOHBeKUun B Tpybax C TeCHbIM
pacnonoxeHnem pebep B MexpebepHoM
MpOCTpaHCTBE Y OCHOBaHus pebep BO3gyx ocTaeTcs
NpaKkTU4ecKku HEeMOABVXHbIM n aBnseTcs
€CTECTBEHHbIM W30NIATOPOM, a OCHOBHOW OTBOA
TENfoBOro MOTOKA OCYLIEeCTBNSAETCA C Bepxyllek
opebpeHusa. [loaTomy 3arpsisHeHust MexpebepHoro
NMPOCTPaHCTBa Y OCHOBaHWsi OpedpeHns He NpMBOANT K
CYLLIECTBEHHOMY CHWXEHMIO TEMNMOBOM MOLUHOCTK, a
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yXyaLeHue TennooTaalLmx CBOICTB TpyObI
MPOMCXOANT TOMNbKO MPU 3arpsi3HEHUN BEPXHEN YacTu
opebpeHus. Mpwn nsonaumm mexxpebepHoro

NMPOCTPaHCTBaA HEMNOABWKHBIM BO34yXOM TennoBas
MOLLHOCTb CHUXaeTcs A0 55%.

310 npennonoxexHune KOCBEHHO
noaTBepxaaeTcd nyTeM CpaBHEHWS OTHOCUTENbHON
TEnnoBon MOLLHOCTM opebpeHHon Tpybbl C TennoBow
MOLLHOCTbIO rmagko Tpybbl AnaMeTpoMm paBHOW
anavetpy opebpeHusas d = 56 Mm (Ha puc. 3
npegctaBneHa B BUAE  MYHKTUPHOW  NUHMMK),
paccuntaHHon no [17]. Kak BuagHO, TennoBble
MOLLIHOCTU 4WUCTON OpebpeHHOn TpyObl W rnagkon
TpyObI conocTaBUMBbI, yTO noateBepxgaeT
npegctaeneHne o6 WMHTEHCUMBHOM OTBOAe Tenna c
BepXxyLuek pebep.
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Puc. 3: 3aBUCMMOCTb OTHOCUTENBHOWN TENTOBOWN MOLLHOCTU TPYObI G / Atyey OT TEPMUYECKOTO CONPOTUBIIEHUS
3arpsaAsHeHua R, = h; / A | — NbHSIHOM LWHYpP, — — BO34YX

Ha puc. 4 npeacrtasneHbl 3aBucumoctn  (puc. 1, ceveHune /). TIyHKTUPHOW NMHMEN Ha PUCYHKe
OTHOCUTENbLHOrO nepenaga Temnepatypbl (f, — {) / G  NOKasaHa rpaHuua pasgena Y1CTOM U 3arpA3HEHHbIX
no BbicOTe peGpa h Ana 4ucToM M 3arpssHeHHol  obnacTten opebpeHHoN NOBEPXHOCTH (BbIWeE
opebpeHHon Tpybbl, roe |, Temnepatypa Ha MNyHKTMPHOW oBracTu TemnepaTypbl f, onpeaensnmcb
noBepxHOCTU pebpa onpepgerieHHass Tepmonapamy 8  TepMonapamu 3aKpbITbIMU 3arpsi3HEHUEM).

.0
& a Oy (t-t)/gm C/Br ‘ |
] ! —u—W~#10,3 Br;
0,55 N B | T
e 0.9 e 03B |
[ a n=63w; v 8=87mv; T,
e h=lldm— — A=161ww. \/ N
0,504 0.8 Bl
i 47 == \ I/ \\
L N B T _‘:‘_\WESLO i ’
Ods =g 0.7 ] ==
— ' —=—WET7,5 Br;
\- I
\ e . N
0,40 T T T T 036 T - ! j \I.
0 4 8 12  Amm 0 4 8 12 h,vm

Puc. 4: 3aBMCMMOCTM OTHOCUTESNLHOrO nepenaga TemnepaTypsl (f, — f)) / g No BbicoTe pebpa h ANa 4YUCTON
(hs; = 0), 3arpA3HEHHON JbHSAHBIM LWHYPOM @ W HENoABWXKHBLIM BO34YXOM 6 OpebGpeHHOW TpyObl C BbICOTOM
3arpsisHeHus h, u TennoBon MowHocTbo W ! — h; = OMM, , — h; = 3.3MM, 7 — h; = 6,3 MM, — h, = 8,7
MM, A — hy, = 11,4 Mm, —hy, =161 wmm;, | — W =103B1,! — W =193BT1, | — W = 260 BT, —
- W =510BT1, | - W = 77,5B7
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Kak BnagHoO, TemnepaTypa no BbicoTe GOKOBOW
MOBEPXHOCTU pebpa yMeHbLlaeTCss He3Ha4yMTernbHO
(MeHee 2%), a Ha Bepxyllke pebpa Mo OTHOLUEHUO K
OCHOBaHW0 — Ha 6-9%.

[11. 3aknoyeHmne
MpoBeaeHO  3KCMEpUMMEHTanbHoe  uccnen-
OBaHME WHTEHCMBHOCTM  TEMMnoBOro MOTOKa WU

pacnpefeneHne TemnepaTyp Ha opebpeHHON YUCTOoN 1
3arpA3HEHHON MNOBEPXHOCTW Kpyrnom TpyGbl npwu
cBOOOHON KOHBEKLIMM BO3yXa.

Mpu 3arpsasHeHUn opebpeHHON MOBEPXHOCTU
TONMbKO Yy OCHOBaHusi pebep TennoBas MOLLHOCTb
TEennoobMeHHON TpybObl YMEHbLUAEeTCs MeHee Yem Ha
10%. [lpepenbHoe 3arpsAsHeHne MexpebepHoro
NPOCTPaHCTBA HEMOABWXHbLIM BO34YXOM YMEHbLUUMO
TEennoByww MowHocTe 6Oonee 4yem B [JdBa pasa.
CnepoBatenbHO, Mpu  3Kcnfyatauuu  TpybyaTtbix
pebpunCTbIX KOHBEKTOPOB He obsizaTernbHa NX Yactas u
TwarenbHass o4ucTka OT TNYOOoKMX MexpebepHbIx
NAOTHbIX 3arpsA3HEHU.
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Field Studies of the Bottom Sediments
Movement in the Tuyamuyun Hydraulic
Engineering Complex Lower Reaches of the
Amu Darya River

T Majidov® & N Ikramov °

Abstract- The study of sediment flow rates in eroded riverbeds
has great practical importance, especially when solving a
number of water management problems involving various
hydraulic structures. It is important to take quantitative account
of sediments in calculating the siltation of reservoirs, when
solving issues of rational placement and design of water intake
structures and channels that divert water from the river for
irrigation and water supply needs. In the channels of
watercourses, sediments are transported in a suspended
state, distributed throughout the living cross-section of the
stream and bottom sediments, moved in the bottom layer.
Measuring the flow rate of bottom sediments in nature is much
more difficult than measuring the flow rate of suspended
sediments. Therefore, measurements of the flow rate of
bottom sediments related to the geometric dimensions and
dynamic characteristics of ridges are mainly studied in the
laboratory. The article presents the object of research, the
method of research and the results obtained for determining
the flow rate of bottom sediments. Full-scale observations to
determine the bottom, suspended and total sediment
discharge were carried out in the lower reaches of the
Tuyamuyun hydraulic engineering complex on the Amu Darya
River, which flows through the territory of the Central Asian
states.

Keywords:  eroded riverbed, bottom  sediments,
suspended sediments, ridge movement, water turbidity,
sediment consumption.

l. [NTRODUCTION

here are 56 reservoirs in the Republic of
TUzbekistan with the volume of about 20 billion m3

of water filled from the Amu Darya, Syr Darya,
Zeravshan, Chirchik, Surkhandarya, Naryn, Karadarya
rivers and 28 large irrigation channels with flow rates of
more than 100 m3/s diverting water from these rivers. In
this regard, it is very important to determine the amount
of sediment in water sources to calculate the volume of
channel cleaning from sediment, as well as to calculate
the volume of filling the reservoir with sediment, i.e. the
useful volume.

Author o o: Department of Usage water energy and pumping stations,
Tashkent Institute of Irrigation and Agricultural  Mechanization
Engineers, 100000 Kari Niyazi street, 39 Tashkent, Uzbekistan.

e-mail: suvchi2001@yahoo.com

In the channels of watercourses, sediments are
transported in a suspended state, distributed throughout
the living cross-section of the stream and bottom
sediments, moved in the bottom layer [1-10].To
determine the amount of suspended sediment in the
stream, samples are taken at hydrometric stations, and
their concentration is determined in the laboratory by
various methods [11-19].Measuring the flow rate of
bottom sediments in nature is much more difficult than
measuring the flow rate of suspended sediments.

Due to the complexity of direct measurement,
many researchers propose to determine the flow rate of
bottom sediments by a very approximate ratio between
suspended and bottom sediments. For example, S.T.
Altunin [20] recommends taking the flow rate of bottom
sediments of the rivers of Central Asia based on the
following percentages of the flow rate of suspended
sediments: in mountainous areas - 15-23%, in foothill-5-
15% and on the plains-1-3%. A. G. Khachatryan [21]
and H. S. Shapiro [22] suggest that for the conditions of
the Amu Darya, the flow of bottom sediments is equal to
10-11% of the flow of suspended sediments. V.E. Tuzov
[23] expresses the opinion that the share of bottom
sediment runoff varies both along the length of the river
and in each section, depending on the water content of
the year. For a high-water year, the flow rate of bottom
sediments in the Tuyamuyun formation is recommended
to be equal to 18% of the flow rate of suspended
sediments, and for a low-water year, even 33%. This
approach to determining the flow rate of bottom
sediments is very approximate and uncertain.

A.l. Turaev and other researchers [24]
determined the flow rate of bottom sediments of the
Amu Darya by the volume of deformations or by the
movement velocity of bottom sand ridges. Based on the
data obtained, they established the percentage ratio of
bottom and suspended sediment discharge for different
sections of the Amu Darya River in different periods of
the year. For example, for the target at the beginning of
the water intake section of the Amu Bukhara Machine
Canal (ABMC), the flow rate of bottom sediments is:
when the flood rises (April-May) - from 3.5 to 75% of the
suspended flow rate; in the flood (June-July) - from 2.0
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to 19%, when the flood falls (August - September) - from
3.7 10 32.5 %. For the lines located below the ABMC, the
bottom sediment consumption is 2.5-21.4 % of the
corresponding suspended sediment consumption.
Repeated measurement work on the Amu Darya with the
calculation of the volume of channel deformations
allowed V.E. Tuzov to derive a formula for calculating the
flow rate of bottom sediments, which has become
generally accepted:

[I.  MATERIALS AND METHODS

The construction of water intake and reservoir
nodes on rivers with an eroded channel violates the
natural regime of their liquid and solid runoff. As a result
of the backwater created by the nodes, a significant part
of the river sediments is retained in their upper stream,
and the clarified stream discharged through the culverts
of the dam into the lower stream is gradually saturated
with sediments due to deep and planned deformations.

The purpose of field studies is a preliminary
forecast of the solid runoff flow rate, taking into account
the moving ridge forms and changes in the turbidity of
the Amu Darya River. The object of research is the
alluvial regime and riverbed processes in the section of
the Amu Darya riverbed with the length of 20 km below
the Tuyamuyun hydraulic engineering complex. The
beginning of the section was section 2, located 900 m
below the spillway dam of the hydraulic engineering
complex, and the end was section 64, located 4 km
below the Tashsakadamless spillway node.

The channel of the Amu Darya River at the
research site is composed of disjointed fine-sanded
soils, the products of erosion of which in the form of
bottom sediments are moved by a stream in the form of
sand ridges. The movement of ridge forms was studied
by visual observations. During the observations, the
planned movements of the skewed ridge located in the
section 64 were recorded. The ridge velocity was 18.3
m/day. This  velocity —should be considered
overestimated, since the natural movement of the ridge
was disrupted by the dredging operations carried out: a
hole was dug in the riverbed to artificially change the
direction of the current, the head of which was located
at the distance of 200-250m from the crest of the
observed ridge. The sharp increase in the slope of the
water surface caused by digging led to an increase in
the ridge movement velocity. In addition, since the
section 64 is located at the distance of 3-4 km below the
head regulator of the Tashsaka, as a result of water
intake into the channel, the water consumption in the
section 64 decreased, and the average size of sediment
in it increased due to the intensive entrainment of the
smallest particles of sediment into the regulator. For
these reasons, the ridge formed in the section 64 did not
correspond to the hydraulic regime of the flowing flow.
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Similar observations were made for a skewed
ridge in section 40, located 9.3 km downstream of the
dam. The flow rate of water in the line is equal to the flow
rate of releases to the lower stream. The horseshoe-
shaped crest of the skewed ridge occupied the entire
width of the riverbed. The tongue of the ridge was
located at a distance of 1/38 from the left bank. The
small turbidity of the water in the river made it possible
to clearly distinguish the position of the ridge crest on
the bottom up to a certain depth of the stream. At great
depths of the stream, the outline of the ridge crest was
traced by the pronounced difference in the free surface
of the water, which was distinguished on this surface by
an oblique dark line.

In the course of visual observations from the
boat, not only the planned position of the ridge crest in
the riverbed was determined, but also the ridge height
was measured at 11 characteristic points. To determine
the ridge movement velocity at these points of its crest,
metal pegs with the length of 80 cm were fixed or a
heavy load was placed. Then two floats were attached
to the fixed points, connected by the 20 m long cord,
one of which showed the position of the ridge at the
initial moment of time, and the other - the direction of
ridge movement and the water flow. The figure 1 shows
the schematic plan for placing floats on the ridge crest
under study. After fixing the time of setting the floats
exactly after 1-3 days, the position of the ridge crest was
measured in relation to the floats showing the initial
position of the ridge, and based on changes in this
position, the length of the path of movement of the ridge
crest from the point under consideration was
determined. The ridge movement velocity was
determined by dividing the path length by the time
intervals between observations (1-3 days). The ridge
height was determined by the difference in the depth of
water in its basement and on the ridge. The ridge length
was taken as the distance from its crest to the crest of
the ridge located downstream or upstream. The
distance between the ridges of neighboring ridges was
measured as follows: first, the planned outline of the
ridge located above the studied one was established,
and metal pegs were fixed on it, to which cords 50 m
long were tied, ending in floats. After pulling the cords
by the current, which showed its direction, metal pegs
were installed above the floats, to which the upper ends
of the cords were tied, which were untied from the pegs
on the crest of the upper ridge. The described
procedure was repeated until the crest of the studied
ridge was reached.



Fig. 1: Schematic layout of the floats in determining the ridge movement velocity:
1 - pegs or bottom cargo; 2-floats above the pegs; 3-floats to determine the direction of the flow of the stream.

[11. RESULTS AND DISCUSSION

The observations showed that the movement of
the skewed ridge movement occurs mainly as a result of
the movement of secondary smaller ridges on its
surface, along the body of which, in turn, even smaller
dune ridge forms move. Table 1 shows the average
hydraulic characteristics of the flow and soil, as well as

the parameters of the main and secondary ridges
determined by field studies.

To determine the flow rate of bottom sediments,
various measuring devices, calculation dependencies
and methods are used. However, to date, there is no
generally accepted method.

Table 1: Characteristics of the flow, soil and ridges in the section 40 on the Amu Darya riverbed

S. No. Flow, sediment, and ridge characteristics Dimension Meaning
1 Water consumption at the time of observations m¥/s 1380
2 Streamwidth m 542
3 Averageflowdepth m 2,45
4 Averageflowrate m/s 1,02
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5 Surfaceflowrate m/s 0,833
6 Flowturbidity g/m® 48
7 Range of fractions change in the sample mm 0,1+2,0
8 Average size of bottom sediments mm 0,270
9 Volume weight of sediment samples g/cm?® 1,61
10 Height of the main ridge m 1,65
11 Ridgelength m 252
12 Ridge movement velocity m/day 1,4
13 Ridgeshape Skewed -
14 The sediment size on the ridge crest mm 0,110
15 The sediments size in the ridge basement mm 0,250
16 Heightofsecondaryridges m 0,21
17 Lengthofsecondaryridges m 2,45
18 Formofsecondaryridges RifflePlate -

Since the bottom sediments movement occurs
in the form of ridge forms in eroded channels, it is easy
to calculate the amount of bottom sediment
consumption by measuring the parameters of these
forms and their movement velocity. The method of
measuring ridges parameters was described in the
works of a number of researchers [25-30]. One of the
first analytical expressions of the elementary flow rate of
bottom sediments in the ridge form belongs to
M.A.Velikanov [31]:

a= a'hr'Ch (1)

Here: a - dimensionless coefficient, depending on the
ridge shape and equal to 0.5-0.6;

h,and C, - height and movement velocity of the ridge.

To determine the flow rate of bottom sediments
at one of the studied sub-sites, the parameters and
ridges velocity were measured using a very
unconventional method of visual observations. A small
number of measurements did not allow us to establish
the connection between the ridges parameters and the
flow characteristics. It was difficult to use the existing
formulas for calculating the ridges parameters due to
the special conditions in the lower reaches of the
Tuyamuyun hydraulic engineering complex. Therefore,
the preliminary calculation of the flow rate of bottom
sediments was carried out on the basis of the initial data
of Table 1 according to the formula (1), which was
supplemented with the measured values of the ridge
height and its movement velocity.

There are three permanent hydrological posts at
the research site, where samples are taken to determine
the different characteristics of liquid and solid runoff.
Data on the amount of suspended sediments were
taken from the post "OGMS Tuyamuyun", located 9.3 km
below (section 40) of the dam.
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Calculation Example

1. Consumption of bottom sediments in the ridge form
of movement.

Data for the calculation:

- Stream width, B = 542 m;

- Soil density, y =1610 kg/m?®;

- Ridge height, h,= 1,66 m;

- Ridge movement velocity, C; = 0.0000162 m/s;
- Ridge shape coefficient, a = 0.55.

P, = a-hC,y-B = 0,55 1.66 - 0.0000162 - 1610 - 542
= 12,91 kg/s

Poot cay = 12.91 - 86400 = 1115.5t/day

2. Suspended sediment consumption

Data for the calculation:
- Water consumption - Q = 1380 m%/s;
- The turbidity of the flow is - p = 0.048 kg/m?.

Pws = Q- p = 1380 0.048 = 66.24 kg/s
Pous day = Psus * Taay = 66.24 - 86 400 = 723.14 t/day
3. Total sediment consumption
P.=Pyy + Py = 1115.4 + 5723.1 = 6838.6 t/day

4. The proportion of
suspended sediments:

P % = Poyaa 100/ Pygs = 1115.4- 100/ 5723.1 =
19,5%

bottom sediments from

Thus, during the observed period, the flow rate
of bottom sediments moving in the form of bottom
ridges was 195 % of the flow rate of suspended
sediments.



[V.  CONCLUSIONS
In the lower reaches of the Tuyamuyun hydraulic
engineering complex, the bottom sediments

movement occurs in the ridge form.

With clarified water in the lower reaches of hydraulic
engineering units, the geometric and dynamic
characteristics and ridges shapes, as well as the
process of ridge formation, can be studied by direct
observations and measurements.

In the riverbed at the research site, the bottom
sediments movement occurs in the form of
movement of skewed large ridges (mesoforms),
along the body of which secondary ridges (riffles)
move, in turn, covered with moving dune forms of
ridges.

The calculation of the solid flow rate, based on the
data of direct measurements of the geometric and
dynamic parameters of the ridges, and the water
turbidity, showed that for the moment of
measurement, the flow rate of bottom sediments
was 19.5% of the flow rate of suspended sediments.
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7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.
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PoLiCY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
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e  Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.
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submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
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PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.
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Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e  Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e Large images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.

. © Copyright by Global Journals | Guidelines Handbook

Xl



FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data for
figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and with
a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tips FOR WRITING A GOOD QUALITY ENGINEERING RESEARCH PAPER

Techniques for writing a good quality engineering research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
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