Science & Technology Development; Vol. 4, No. 8,3-2001

TINH VAN TOC LANG CUA HAT QUA LUU CHAT PHI NEWTON
LOAI GIA DEO

Vii B4 Minh — Pham Viin Bén — Nguy&n Duy Lam
Trudng Pai hoc Bach Khoa - PHQG-HCM
(Bai nhdn ngay 03 thdang 12 nam 2001, hoan chinh sita chita ngay 21 thdng 12 ndm 2001)

TOM TAT: Béo cdo trinh by phuong phdp tinh vén t6c ling cita hat cdu qua Iuu chat phi
Newton loai gié déo (pseudoplastic) va dugc ki€m ching bing thyc nghiém vdi dung dich
CMC 1,5%, trong d6 tinh chdt luwu bi€n cda dung dich phi Newton dugc xdc dinh bing
phuong phép do thdi gian chay.

1. GIGI THIEU

Xdc dinh v4n t6c 1dng cin bing cia hat trong Iuu chdt phi Newton 12 mdt trong nhitng
thong sO can thi€t tinh todn Khi thi€t k€& thi€t bi nghé hda hoc, khodng chat va thuc
phim..Thi du nht tinh todn qud trinh van chuyén thiy lyc vét liéu rdfi trong luu chat phi
Newton, huyén phu ba pha rdn - Idng - khi trong thi€t bi phdn tng ting luu héa, san xuét
son (hat min), tao nén cdc huyén phl trong qud trinh khoan khai thdc ddu khi (hat
tho).. Trong mdt s6 trudng hgp qud trinh 1dng cha hat qua luu chit phi Newton cd hat va loai
luu chi't cé tAm quan trong dic biét.

Trong thdi gian qua thudng st dung phudng phdp tinh vén tdc cin bing clia hat qua luwu -
chdt phi Newton theo phudng phdp diing cho luu chat Newton [3]. Tuy nhién vdi Iuu chét phi
Newton néi chung, luu chat phi Newton ddc 14p v6i thdi gian néi riéng, viéc tinh todn nhu
vay s€ khong chinh xdc. -

2. LUU CHAT PHI NEWTON

Tuong tu nhu lvu chidt Newton, phudng phdp ndy ciing st dung cdc nhém s8 vo thi
nguyén dé biéu dién hién tugng 16i cudn 1én hat cAu. Chuyén déng n dinh ctia mot hat ciu
trong luu chat phi Newton theo luit Iiiy thita khdng gidi han cé thé duge mo ta theo ba nhém
s0 vb thit nguyén sau:

Hé s6 16i cudn Cy:
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Chi s6 dic trung Iuu bi€n cda luu chdt phi Newton theo ludt iy thita n. véin = 1, K= p,
(2) trd thanh phudng trinh tinh s& Re cho luu chdt Newton. :
Do dé ta cé thé viét: Cq = f(Re,n) 3)
V6i hat cAu rdi v6i vin t8c cin bing dudi tdc dung cla trong luc, lyc 16i cudn Fp bing
lwc ddy cia Ivu chit 1&n hat.

nd?
Fg= ?(ps -pL)8 (4)
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V2 phuong trinh ¢6 th€ viét lai nhu sau:
4 od -
Cy= — g_z(MJ (5)
3v PL
Tir thuc nghiém va 1y thuy€t [2] cho thdy dong chdy trudt (creeping) xdy ra véi Re < 1
cho liru cha't phi Newton. Tai diéu kién nay, phudng trinh (3) c6 dang cu thé 1a:
24
Ca= —x(n 6
sk (n) (6)

Trong d6 x(n) 12 hé s6 hiéu chinh cho dinh lu4t Stokes dé gidi thich cho dnh hudng ciia
luu cha't phi Newton 1&n dnh hudng cla hat [1]

Bdng 1: Gid tri ciia x(n)

N 1,4 1,2 1,0 0,9 0,8 0,7 0,6 0,5 0,4 0,2

X(n) 0,570 0,827 [1,000 1,140 |1,236 |1,320 |1,381 [1,442 {1,440 {1,398

D& tinh van t6c cin bing, sip x€p lai phuong trinh (6) nhu sau:
i

n+l n
—_— [gd_(ps_';‘?,ﬁ} (N
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Nhu vay, néu biét tinh chét ciia ch't 1dng phi Newton loai gid déo (p,K,n) va hat cdu
(ps) ta c6 thé dung (7) d€ tinh v khi bi&t d hodc ngudc lai vdi diéu kién Re < 1, tuy nhién,
gi4 tri Re lai chua dudc xdc dinh trudc.

Pé khic phuc trd ngai nay, ta s& dung kh4i niém vin tdc hat ciu vy va dudng kinh hat

cau chudn héa: [1]
1

s el

Re ™2 pL{ 3p,, } e
VN = e L ... - (8)
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_ 1 2-n “1—2_ Py ’ 4g(p; —P1) e
dy = (Re? C2) _d{(KJ {———-—3PL } } 9)

Qua hai phuong trinh trén cho thay vy doc 14p vdi d va dy doc 1ap vdi v. Ta ¢6 thé thigt
14p m&i quan hé gilta vy va dy biing cdch dung cdc k&t qud cia Cy = f(Re,n) c6 trong cdc tai
liéu [2] va dic trung cda hat cAu thay d&i theo Re nén dé€ tién 1¢i ta chia 1am hai viing khdo
sdt: viing Reynolds trung binh (Re > 1) va viing Reynolds thap (Re<1).

2.1 Ving Renolds trung binh

Hinh 1 cho thdy véi mot khodng gid tri n nhat dinh cdc dudng bi€u dién vy va dy 1a céc
doan thdng. Nhu vy ta c6 thé viét:
vy =odn + B (10)
Céc gi4 tri o, B ciing vdi khodng gid tri v, dy dudc trinh bay trén bang 2 va hinh 2. Tir
hinh 2 ta x4c dinh o va B tng vdi gid tri n bt ky trong khodng 0,4 <n < 1,0
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Bdng 2: Gid tri ava 8

N o B Khodng gid tri
Vn dN

1,4 0,2738 0,2280 0,284-3,910 1,72 - 14,95
1,2 0,2465 0,2685 0,303-4,170 2,22-17,92
1,0 0,2214 0,3900 0,333 - 6,740 3,00-22,10
0,8 0,2277 0,6123 0,382 — 7,623 4,20 - 25,90
0,6 0,2422 1,0883 0,454 - 8,892 6,30 — 30,22
0,4 0,2908 2,6090 0,554 - 10,55 10,61 — 34,11

2.2 Ving Renolds thip

Né&u gid tri vy va dy tinh dudc trong bang 2 ta ¢6 thé k&t ludn 1a do dong chdy trugt khi
Re < 1. Trong trudng hdp nay ta cé thé tinh van t&c (hay duding kinh) hat ciu theo cdc budc
sau:
(1) Tinh vy (hodc dy) theo phuong trinh (8) hoidc (9)
(2) Vi lwu chat phi Newton ¢6 n < 1, gid tri tinh clia vy va dy nhé hon gid tri tudng dng cho
3 bang 2 va dung phudng trinh (7)
(3) Néu gid tri tinh duge ¢ bude 1 niim trong khodng cho & bang 2, chon céc gid tri tudbg
ing ctia o va B & bdng 2 hoidc hinh 2 va ding phudng trinh d€ tinh vy hay dy
(4) Xdéc dinh vin tSc hat cdu v hay dudng kinh d tir phudng trinh (8) hoidc (9).

3. THIET BI THi NGHIEM
(1) Thi nghiém véi hat ciu (bi) bing thép ¢ dudng kinh va khdi lugng riéng nhu sau:

Bdng 3: Cdc théng s6 ciia bi

Loai bi Pudng kinh d, mm Khéi lugng riéng ps, kg/m®
A - Bi thép 6,41 7630
B - Bi thép 4,82 7618
C - Bi thép 3,95 7776
D - Bi thép 3,00 8193
E - Bi nhua 6,00 3093
F - Bi nhua 4,50 : 3000

(2) Dung cu thi nghiém [a &ng thly tinh c6 duding kinh trong D=40mm, chiéu dai L=1,10m.
phan chiéu dai do 12 0,6m d€ hat rdi & trang thai cin bing.

Nhi€u thi nghiém dudc thyc hién cho thdy van tdc 1ing rat nhd, diéu nay cin thiét dé
cho s8 Re thdp. Pudng kinh hat vd duding kinh 6ng dudc chon sao d/D< 0,1. Piéu nay 12 cdn
thi€t dé tranh higu dng tudng.

Trudc khi bt ddu thi nghiém tdt ca cdc hat dugce rita sach, d€ kho va thim udt véi dung
dich thi nghiém nham loai trit bui, bot khi, ddu m@& dinh vao vién bi khi thi nghiém.

Dé gid tri do c6 dd chinh xdc cao, thi nghiém 1ap lai 20 14n vé6i sai s§ chudn thdi gian
gitfa cdc 1an do 12 5% '

(3) Luu chit phi Newton st dung 1a CMC 1,5% cé cdc tinh chit K, n dude xdc dinh cho &
bing 6 va 7
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4. KET QUA
4.1 S6’li¢u do
Bdng 4 : 86 liéu do véi CMC 1,5%, 25°C

D, mm ps, kg/m’ ty sau 5 14n do, s Vi, M/s
6,41 7630 4,88 0,123
4,82 7618 8,46 0,0709
3,95 7776 13,79 0,0435
3,00 8193 25,58 £0.0235
6,00 3093 43,00 0,014
4,50 3000 100,49 0,006

Bdng 5 : 86 liéu do véi CMC 1,5%, 20°c
D, mm ps, kg/m’ t, sau 5 1an do, s Vi, m/s
6,41 7630 5,44 0,1103
4,82 7618 9,88 0,0607
3,95 7776 15,96 0,0376
3,00 8193 30,20 0,0199
6,00 3093 49,76 0,0121
4,50 3000 114,97 0,0052
4.2 Két qud tinh theo chuong trinh tinh
Bdng 6: Két qud tinh
CMC 1,5%, 20°C, p = 1003 kg/m’, n = 0,523; K = 7,0 Pa.s"">
K&t qua thi nghiém K&t qua tinh
D, mm 5,kg./m3 tib, S Vi mis t, s vy, m/s Ve, m/s  [Re Cq
6,41 7630 5,44 0,1103 5,46 0,1099 10,1663 |1,73 20,015
4,82 7618 9,88 0,0607 19,89 0,0607 10,0841 0,544 58,912
3,95 7776 15,96 0,0376 116,02 00,0375 10,0493 0,223 143,656
3,00 8193 30,2 0,0199 29,94 0,02 0,0248 10,07 456,01
6,00 3093 49,76 0,0121 50,21 0,0119 10,0177 10,061 523,354
4,50 3000 114,97 10,0052 [116,03 10,0052 0,007 0,014 2371,92
Bdng 7 : Két qud tinh
CMC 1,5%, 25°C, p = 1003 kg/m>, n = 0,523; K = 7,0 Pa.s>**
K&t qui thi nghiém K&t qua tinh
d, mm |p, ke/m® g, s Vi mis t, s vy, /s v, m/s  [Re Cq
6,41 7630 4,88 0,123 4,99 0,1202 0,1818 2,148 15932
1,82 7618 8,46 0,0709 8,44 0,071 0,0984 0,748 45,754
395 . [1776 13,79 10,0435 [13,69 0,0438 10,0577 0,306 111,84
3,00 8193 25,58 10,0235 [25,63 0,0234 0,029 0,096 356,500
6,00 3093 43,00 0,014 43,16 0,0139 10,0206 10,083 412,340
4,50 3000 100,49 10,006 99,96 ,006 00,0082 018 1901,33
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Hinh 1 So sdnh vdn tdc ldng thic va Hinh 2 So sdnh vdn téc ldng thuc va

vdn téc tinh todn cia hat ldng qua vdn téc tinh todn ciia hat ldng qua

dung dich CMC 1,5% & 20°C dung dich CMC 1,5% & 25°C
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Trong doé: _
v, : van toc ldng thuc t&€ ciia bi do dudc, m/s
V. : vin toc tinh todn khdng k€ dén hidu ing tudng, m/s
vy : VAn tdc tinh todn c6 ké d&n higu tng tudng, m/s

5. NHAN XET VA KET LUAN

Qua phudng phép tinh trén, dudc ki€ém chitng budc dau bing thyc nghiém vdi dung
dich CMC cho thdy k&t qua tinh gin v6i thuc nghiém cho khodng Re nhd,vdi s Re 16n, sai
s6 nay khd 16n. Diéu nay cé thé gidi thich do hiéu tng tudng dnh hudng 1&n vén tdc 1dng cda
hat. P& tai s& khdo sat thém dnh hudng nay ciing vdi cdc loai dung dich phi Newton loai gia
déo khdc nhau c6 khdi lugng riéng khéc nhau.

Céc ky hiéu st dung trong bai:

Fq : Tue 161 cudn, N

d : dudng kinh hat, m

v : van tdc ldng, m/s

pL : khoi lugng riéng chat 16ng, kg/m’
Ps . kh&i lugng riéng chat rin, kg/m’
n : chi s& dic trung luu bién

K : hé s chi dd dadm dic clia luu chat
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METHOD OF SETTLING VELOCITY CALCULATING OF A PARTICLE
THROUGH NON-NEWTONIAN FLUID (PSEUDOPLASTIC)

Vu Ba Minh - Pham Van Bon - Nguyen Duy Lam
University of Technology - VNU-HCM
(Received 03 December 2001, Revised 21 December 2001)

ABSTRACT: The paper presents the method of calculation of settling velocity of a particle
through Non-Newtonian fluid (pseudoplastic) and being checked with the experimentals with
1.5% CMC solution in which its rheological property was determinded by flowrate
measurement method.
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