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Nghién ciru thwe nghiém giam lwe can dong chay rdi bang riblet
Experimental study of reducing the drag of turbulent flow using riblet
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Tom tit

T khoa: Nghién ctru thuc nghiém giam lyc can da dugc cac nha khoa hoc thuc
hién bang nhiéu phuong thirc khac nhau nhu st dung chat phu gia

polymer, surfactant... Trong nghién ctru nay, nhom tac gia tap trung
vao nghién ciru thue nghiém hién twong giam lyc can trong dudng
ong c6 mat cat hinh chir nhét bé mit s dung Riblet. Két qua thuc
nghiém cho phép thdo luan vé kha ning (mg dung hién twong giam
lyc can trong cac duong dng c6 mit cit khac nhau.

Giam luc can, riblets, kénh dan hinh
chir nhat.

Abstract

Keywords: Experimental study of drag reduction was carried out using various
methods such as using polymer additive, surfactant additive etc. In
this study, we concentrated on the experimetnal study of drag
reduction in a rectangular cross-section pipe using riblers. The
experimental results enabled discussions on the application of drag
reduction in pipes with different cross-sections.

Drag reduction, riblet, rectangular
channel.
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1. GIOI THIEU CHUNG

Trong nhitng nim gan day, giam lyc can da tr¢ thanh mot linh vuc quan trong cua nghi€n
ctru dong luc hoc chat long. Hién nay, c6 rat nhiéu tmg dung k¥ thuét trong hang khong, hang
hai, phuong tién mat dat, va trong duong 6ng dan (hinh 1)...co thé dugc huong loi rat nhidu tir
giam lyc can. Mat khac, chi phi nhién li¢u tang cao da nhan manh réat nhiéu tinh hitu ich va su
can thiét ciia viéc phat trién cic phuong phap giam luc can.

C6 nhiéu phwong phap giam luc can hién nay nhu phun microbubbles [1], st dung chit
phu gia Polymers [2], phu 16p ngoai [3], st dung bé mat ki nuéce [4], va sir dung Riblet [5].
Riblets, hodc ranh tuong duge san Xudt trong mot bé mat, 1a cac thiét bi giam suc can, nghién
clru ban dau vé gidm lyc can trén cac bé mit Riblet dugc thyc hién bsi Walsh [6-9] tai trung tim
nghién ciru Langley cia NASA. Walsh da nghién ctru mot s loai bé mat suon khac nhau va thiy
rang viéc giam luc can dén 8% co thé thu dwoc véi diéu kién 1a s+ va h+ nho hon 25, trong d6 s
1a khoang cach Riblet va h 1a chiéu cao Riblet. Cac nghién ctru sdu hon cho thiy cac Riblet dang
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sudn co6 mirc giam lyc can cao nhat, Riblet ¢6 bién dang hinh v6 sd c6 mirc giam nhiéu thir hai,
va Riblet hinh ring cua mang lai loi ich tdi thiéu [5]. Sau thi nghiém ctia Walsh, nhiéu thi
nghiém khac da dugc thuc hién. Bechert et al. [10, 11] da nghién ctu k¥ ludng cac c4u hinh khac
nhau cua Riblet bao gém Riblet hinh chit nhat, vo so va hinh dang da ca map Céc loai Riblet da
dugc ché tao voi nhiéu loai polymer va kim loai khac nhau cung véi viée st dung nhleu quy
trinh san xudt va lip rap khac nhau. Quy trinh san xuat thuc té phu thudc vao nhiéu yéu té nhu
chi phi, hinh dang hinh hoc, do ben, d6 chinh xac, vat liéu co s&, cac thiét lap thtr nghiém, su
tuong thich héa hoc va cac kich thudc thiét 1ap cho mau. Trong nghién ctru nay, nhom tac gia tap
trung vao nghién ctru thyc nghiém hién tuong giam luwc can trong duong dng co mit cét hinh chir
nhat bé mit st dung Riblet hinh tam gidc. Két qua thyc nghiém cho phép thao luan vé kha ning
g dung hién twong giam luc can trong cac dudng dng co6 mit cit khac nhau.

Hinh 1. Ung dung cua Riblet trong cac linh vuc hang khong, nang lugng, va 6 to

Khi dung dich van chuyén trong kénh c6 mit cit hinh chit nhat, hé s6 ma sat 1a ham s cua
s0 Reynolds. S0 Reynolds dugc dinh nghia theo cong thirc:
DV
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Trong do :
Vy: d0 nhét dong hoc ctia nude, (Pa.s);
Dy: duong kinh thuy luc cia kénh, Dy, = 2wh/(w+h);
V : vén tdc trung binh, (m/s);
w: chiéu rong cuia kénh, (m);
h: chiéu cao cua kénh, (m);
Hé s ma sat A duoge tinh theo cong thuc:

D, 2.Ap

A=—.—
L pV
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Trong dé : Ap: d6 giam ap gitra hai d¢au do c6 khoang cach L.
p : khdi lugng riéng ciia dung dich (kg/m?)
L chiéu dai doan 6ng xac dinh gradient ap sut
Tai vung chay tang hé s6 ma sat dugc xac dinh theo cong thirc:
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1=
Re,

Trong ving chay rdi, hé sé ma sat dugc tinh theo cong thirc Blasius:

A1=0,3164Re™* (4)
2. THIET LAP THi NGHIEM
Dé thi nghiém, nhom nghién cuu da ché tao mot kénh hinh chir nhat béng nhya acrylic cé
thong so k¥ thuat nhu trén hinh 2. Céc vi tri do dugc thyc hi¢n ¢ thugng luu va ha luu ctia kénh.

240

- 240 . 700 ._T_‘ -_* T
L 1=

=  — [
00 ol 780 .J,. 0
0 o 0 0 0 ) 0 0 1
Q
>
0 o o 0 ) o 0 o Y

Hinh 2. Thong sb cua kénh hinh chit nhat

Dé do chénh léch ap suét, nhom nghién ciru sir dung cam bién ap suat (DP15-22, Validyne,
Keyence Corp). Dé do luu lwong nhom nghién ctru st dung loai cam bién Iuu lugng FD-M100Y,
Keyence Corp. Viéc tuan hoan dung dich thi nghiém trong mach kin st dung bom EBARA
Pump-25SCD. Thi nghi€ém dugc thuc hién voi nudc may tuor voi cép cua nha may nudc sach
trong thanh phd. Nudc duge bom hut tir thung qua dng dan di qua thiét bi do Iru lugng dén hé
thong kénh dan hinh chit nhét rdi quay vé thung tao thanh mot chu trinh tuan hoan khép kin. Chi
tiét ctia mach thi nghiém dugc mo ta nhu hinh 3.
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Hinh 3. So d6 mach thi nghiém
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3. KET QUA VA THAO LUAN

0.1

0.09

0.08

0.07

0.06

0.05

—4+—Blasius

i /. Tam phdng

0.03

0.02

0.01

0 T T 1
3000 4000 5000 6000 7000 8000

Rew

Hinh 4. Biéu d6 hé s6 ma sat theo Re khi do v6i kénh c6 mit cit ngang hinh chir nhat

Budc dau, nhom nghién ctru thuc hién do trén tAm phiang. Pudng d thi biéu dién hé s6 ma
sat theo Re trén kénh kin hinh chir nhat khao sat tir thue nghiém 1a tiém cén v6i duong theo ly
thuyét Blasius (hinh 4), ching to hé thong thi nghiém 13 twong dbi chinh xAc.

Tlep theo, nhom nghién ctru thay thé mot mat bién dang phing cta kénh hinh chir nhat trén
bang tAm Riblet c6 bién dang hinh tam gic v6i kich thude nhu hinh 5.

Hinh 5. Anh thyc té ctia tim bién dang Riblet (tam giac) dwoc ding trong thi nghiém
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Hinh 6. Biéu dd so sanh hé sé ma sat theo Re khi do Vg’)i kénh c6 mit cét ngang hinh chit nhét
va khi thay mot mat hinh chit nhat bang bién dang Riblet

Nhin xét:

Trén hinh 6, d6 thi biéu dién hé s6 ma sat theo Re trén kénh kin hinh chit nhat c6 mot mat
bién dang Rilbet khao sat tir thyc nghiém 1a thap hon duong theo Iy thuyét Blasius. Chimg t6 da
c6 su gidm lyc can trong kénh kin khi c6 thém Riblet.

Ta nhan thiy duong biéu didn d6 thi hé s6 ma sat khi co mot mit bién dang Riblet giam
dan khi s6 Re chay tir 4000 dén 7000 va c6 dau hidu tang 1én khi s6 Re > 7000.

Dién tich va chu vi mt cit ngang ctia hai truong hop do 1a khac nhau nén khong thé danh
gia hé théng nao co hé sé ma sat nhé hon. Tuy nhién, danh gia két qua khi do trong hai truong
hop véi dudng 1y thuyét Blasius ta c6 thé danh gia khi thay mot bién dang Riblet thi hé sb ma sat
s& giam. Diéu d6 s& lam giam ning lwong tiéu hao ctia bom gitp phan tiét kiém ning lrong.

Dé so sanh su giam lyc can cia Riblet (bién dang tam giac) v4i bién dang phang trong
kénh kin hinh chit nhat. Nhém nghién ciu da danh gia qua ti 1¢ gidam luc can (DR) v6i dong
trong 6ng chay rdi dugc tinh theo phan trim (%) nhu sau:

DR(%) =%.100 Q)

A: 1a hé s6 ma sat ciia dong chay kénh kin hinh chi nhat v6i bién dang phing

Ar: 13 hé s6 ma sat cia dong chay kénh kin hinh chir nhat v4i Riblet (tam giac)
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Kha ning giam luc can cua riblet
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Hinh 7. Biéu d6 thé hién sy giam lyc can cua Riblet

Nhéan xét:

Trén hinh 6 va hinh 7 biéu dién su so sanh hé s ma sat theo Re ctia dong chay chit long
trong kénh kin mat cat hinh chit nhat ta c6 thé nhan théy mot s6 dic diém nhu sau:

Biéu d6 cho thiy su thay d6i hé s6 ma sat khi do dong chdy trong kénh kin hinh chit nhat
bién dang phang va khi ta thay mot mit bién dang Riblet. Vi bién dang phang thi hé s6 ma sat
tiém can véi duong 1y thuyét Blasius trong khi hé s6 ma sat do v6i bién dang Riblet c6 sy giam
dang ké so voi duong 1y thuyét Blasius.

Khi s6 Reynol tang dan tir Re = 4000 dén Re = 6600 thi hé sb ma sat c6 xu hudng giam.
Tai thoi diém Re = 6600 thi hé s6 ma sat giam xudng thap nhat A = 0,01. Khi tiép tuc ting sb
Reynol 1én Re > 6600 thi hé sb ma sat khong tiép tuc giam nita ma c6 chiéu hudng ting lén.

4. KET LUAN

Nhu vdy bang nhitng két qua thyc nghiém va ly thuyét da néu trén ching ta di thay duoc
su giam lyc can dong chay trong kénh dan kin mit cat hinh chit nhat khi sir dung thém bién dang
Riblet. Qua d6 chung ta c6 thé thiy duoc nhitng wu diém va mot sé han ché ciia phuong phap sir
dung Riblet trong viéc lam giam lyc can trong kénh kin. Nhitng thanh cong ké trén con co thé
m¢& duong cho nhitng phuong phap 1am gidm luc can dong chady mdi ra doi.
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