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Tom tat

Bai bao trinh bay cach thiét ké va ché tao mé hinh do sé Reynolds c6 xét téi dong chay ciia
chdt long qua ong dat thang dimg. M6 hinh nay dung gidang day cho sinh vién nganh Xay dung,
truong Pai hoc Thu Dau Mét. Nho mé hinh nay ma sinh vién thuc hanh, hiéu va kiém chung lai
dwoc thi nghiém “Trang thai chdy cia chdt léng” do nha bdc hoc Osborne Reynolds (1842 —
1912) thiee hién vao nam 1883. S6 Reynolds c6 vmg dung nhiéu trong ky thudt, nhung lai la mot
khdi niém khé hiéu. Vi vay, NNOm tdc gia bai viét nay méi nghi ra mét thiét bi do va kiém chitng
lai s6 Reynolds, nham givip sinh vién dé hiéu hon khi hoc mén “Co hoc huu chdt”.
Tir khéa: thi nghiém Reynolds, trang thdi chay tang, trang thdi chay roi
Abstract

DESIGN, MANUFACTURE MEASURING MODEL AND VERIFY REYNOLDS
NUMBER

The paper presents how to design and fabricate Reynolds numerical model with
consideration of fluid flow through vertical pipe. This model is used for teaching construction
students, Thu Dau Mot University. From this model, students practice, understand and verify the
"Fluid flow state" performed by the scientist Osborne Reynolds (1842 - 1912) in 1883. Reynolds
number has many applications in technology, but is a confusing concept. Therefore, the author of
this article has just come up with a device to test and verify Reynolds number to help students
understand better when studying the "fluid mechanics".

1. So' lwoe vé cac nghién ciru da biét

1.1. Thi nghi¢m vé trang thdi chay ciia chit léng ciia Osborne Reynolds

Reynolds cho dong myc mau cung véi nude chuyén dong trong dng thiy tinh nhu hinh 1.
Ong cho van téc nudc chay trong ong thity tinh thay doi va nhan thay: Khi van tdc nho, dong muc
mau chuyén dong trong 6ng thiry tinh nhu mot soi chi xuyén subt trong dng, trudng hop nay ong
goi la ché do chay tﬁng. Tiép tuc tang van tde dong nudc, t6i mot luc nao do, dong muc bat dau
gon song, dut doan. Néu tiép tuc ting thém van tdc dong nude thi dong muc hoa tron hoan toan
trong nudc, nghia 1a khong con nhin thdy dong myc nita, trudng hgp nay ong goi la ché do chay
chay rbi.

111


mailto:vinhtt@tdmu.edu.vn

Tran Thi Vinh Thiét ké, ché tao mé hinh do va kiém chitng s6 Reynolds

Dong muc mau va dong
nwoc cung chdy trong
ong thuy tinh

Hinh 1. Thi nghiém vé trang thai
chay ciia chdt long do Osborne
Reynolds (1842 — 1912) thuc hién
nam 1883

1.2. Cdc thi nghiém hién nay vé trang thdi chdy ciia chit long (O cdc phong thi nghiém
trong nwdc ta)

Binh chira 1
PN myc mau
Nude vao I -

l Chdy tran

Van |

X ———————— %:‘ ; A

_____________ Ong thity tinh
________ Binh gép

Van4  —— e :::h__ a I

Nhiét k& \

=

5

Hinh 2. Thi nghiém do hé s6 Reynolds
A, B. Cac binh chita nuwoc; 1. Binh chira nwoc mau; 2. Khoa nwoc mau,
3. Ong quan sdt; 4. Khéa diéu chinh luu leong; 5. Luu lrong ké

Hinh 2 cho ta thiy cic so do thi nghiém do sb Reynolds twong ty nhu thi nghiém cua
Reynolds thuc hién nam 1883. Két cAu thiét bi thi nghiém, b tri cac bd phan c6 khac, nhung
nguyén 1y van khong dbi, tirc 12 vin cho dong chay cua chit 16ng trong dng nim ngang. Thiét bi
thi nghiém theo nguyén 1y kiéu nay dang thinh hanh & cac truong dai hoc. Riéng Dai hoc Thua Dau
Mot thi chua co.

Néu chiing ta dat ng quan sat dong chay ctia chat 1ong nam ngang nhu hinh 2 thi do duoc
s6 Reynolds chinh xac nhu nha bac hoc Reynolds thyc hi¢én nam 1883. Con néu chung ta dat 6ng
quan sat dong chay cua chat 16ng ndm dimg hodc nim nghiéng so v6i phuong ngang mot goc nao
d6 thi liéu két qua do con chinh x4c nira khong? Cau hoi nay dugc vai nha nghién ctru khac dua ra
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thi nghiém kiém chimg, c¢6 dua hinh anh Ién cac trang mang internet, nhung tu liéu chua rd rang,
chua dang tin. Chlng t6i s& trinh bay thi nghiém do va kiém chimg lai sé Reynolds mot cach
nghiém tic bang cach thiét ké ra mé hinh c6 chat 1ong chay trong 6ng quan sat dit thang dung.

2. Co s6' 1y thuyét

2.1. Hai trang thdi chdy ciia chit long

Thuc té, ton tai hai trang thai chay khac nhau ciia chat long. Tuy theo trang thai chay ma cu
tao cua dong chay, su phan bd van toc, ton that nang lugng c6 nhiing quy ludt khac nhau. Tu dau thé
ky XIX, nguoi ta di biét c6 nhimg trang thai chay khac nhau nay. Nhung toi nim 1883 nha vat 1y
hoc ngudi Anh Osborne Reynolds (1842 — 1912) da chimg minh bang thi nghiém, rang trong thuc té
t6n tai hai trang thai chay khac nhau cta chit 16ng, d6 1a trang thai chay tang va chay réi (hinh 3).
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Hinh 3. Mdt cdt phdn bé vin toc ciia chat long chay tang (a) va roi (b) trong ong
Trang thai chay trong d6 cic phan tir chat 1ong chuyén dong theo nhiing tang 16p khong xéo
tron vao nhau goi 1a trang thai chay tang. O trang thai chay tang, su phan bd van tdc trén mat cat
dong chay tuén theo quy ludt cua dd thi ham sé bac 2 (parabol). Ttc 14 tai thanh ng, van toc cia
dong chay gin bang khong, cang xa thanh ng vén tdc ting dan va lién tuc, dat dén tri s 16n nhat
tai truc 6ng (hinh 3a).

Trang thai chay trong d6 cac phan tir chét 16ng chuyén dong vo trat ty, hdn loan goi 14 trang
thai chay roi. O trang thai chay réi, quy ludt phan bd van toc trong dong chay phic tap. tai phan
16n cac mit cit, van toc dong chay khong khac nhiéu so véi véan tde 16n nhit & truc dng (hinh 3b).
Sy phan b tuong dbi déu cua van tdc trong trang thai chay rdi dugc giai thich bang su x4o tron
boi cac thanh phan ngang cta van tdc. Do d6, ¢ su va dép giira cac phan tir chit 1ong ¢6 véan toc
16n ¢ khu vuc gitta véi phﬁn tr chat ¢6 van tdc nho hon & sat thanh 6ng. Su va dap dé dan dén su
trao d0i dong lugng giita cac phan tir chat 1ong, 1am cho ching cé van toc twong duong véi nhau.

2.2. Tiéu chudn phdn bi¢t hai trang thdi chdy (s6 Reynolds - Re)

Dua vao két qua nhiéu lan thyuc hién thi nghiém, Osborne Reynolds d ding mot dai luong
khong thir nguyén dé dic trung cho trang thai chay, d6 1a sé Reynolds, ky hiéu Re, dugc tinh theo
bicu thic:

Re=— 1)
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Trong d6: v 1a van téc trung binh dong chay (m/s); d 1a dwong kinh 6ng dan nugc (m); v
(doc 1a nuy) 1a hé sé nhét dong hoc (m%s).

Khi nhiét d6 cta nude thay ddi thi hé sé nhét dong hoc ciing thay doi theo. Thyc nghiém
chimg minh, nhiét d6 ctia nuéc cang ting thi hé sé nhdt dong hoc cang giam (bang 1).

Badng 1. Hé 56 nhét dong hoc phu thudc nhiét do

t (°C) v (M°/s) t (°C) v (M°/s)
0 0,0178.10™ 20 0,0101.10"*
5 0,0152.10" 30 0,0081.10"
10 0,0131.10" 40 0,0066.10™
12 0,0124.10" 50 0,0055.10"
15 0,0114.10"

Sb Reynolds c6 thé sir dung nhu mot tiéu chuan dé phan loai dong chay. Tuy theo dang dong
chay ma ta c6 cac gioi han khac nhau cua sé Re, ddi véi dang dong chay trong dng c6 tiét dién tron
ta co: Khi Re < 2320 s& c6 trang thai chay tang; khi Re > 2320 s& o trang thai chay rdi.

3. Thiét ké va ché tao mé hinh do va kiém chirng s6 Reynolds

4.1. So' do nguyén Iy

Néu Re < 2320 thi ta ndi trang thai chay tang, con néu Re > 2320 thi ta néi trang thai chay
rdi. Nhung khi chdy ting va rdi thi hinh anh thyc té ciia dong chay nhu thé nao? Liéu lay sé 2320
lam tiéu chuan dé chia ra trang thai chay tang va r6i cia Reynolds co dung hay khong? Dé tra 10
cac cau hoi ndy thi ta phai 1am thi nghiém dé kiém ching. Thiét bi thi nghiém c6 so dd nguyén Iy
nhu hinh 4.
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Hinh 4. So @6 nguyén Iy do va kiém chirng sé Reynolds
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Bing 1. Cdc chi tiét ciia mé hinh do va kiém chirng sé Reynolds

S6 3(42)-2019

STT Tén thiét bi S6 lwong Kich thuéc (mm) Vit liéu
1 Binh dung nudc mau 1 @100x200 Nhuya
2 Khoa 6ng dan nudc mau 1 D2 Nhya
3 Ong dan nuéc mau 1 D2 Nhya
4 Binh chira nudgc trén 1 450x270x350 Kinh
5 Ong quan sat 1 @21 Nhya
6 Khoa 6ng dan nudc 1 @21 Nhya
7 Khoa ong x4 nude 2 @21 Nhya
8 May bom nudc 1 220V-50Hz Kim loai
9 Kim dan nuéc mau 1 @0,1 Kim loai

10 Ong day nudc ciia may bom 1 @21 Nhya
11 Khung d5 hé thong 1 650x400x1185 Thép
12 Binh chia d6 1 Gi61 han do 250 ml Nhua
13 Nhiét ké thuy ngan 1 210 Nhya
14 Day dién, 6 cam dién, bong dén 1

15 Binh chira nude dudi 1 600x300x300 Kinh

3.2. Cac bdan vé 3D

Sau khi tinh toan, Iya chon cac thiét bi c6 trén mé hinh, nhom tac gia dua ra y tuong thiét ké
mo hinh do va kiém chimg hé sé Reynolds nhu hinh 5 va 6. Tat ca cac thiét bi thi nghiém duoc lap

rép trén hé théng khung d& bang kim loai, c¢6 4 banh xe di chuyén, c¢6 2 khoa xa duoc lap dudi bé
chtra nuée dudi cing, muc dich dé xa hét nudc trong hé thong khi can thiét.
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Ong dan
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Hinh 5. Phoi canh khéng gian mé hinh do va kiém chimg s6 Reynolds

a) Ban vé 3D toan mé hinh; b) Ban vé 3D phan khung bao mé hinh
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Hinh 6. Vai chi tiét quan trong ciia mé hinh do va kiém chitng sé Reynolds

3.3. Ché tgo

Céc chi tiét trén mo hinh thi nghiém sau khi da duogc ché tao theo dang kich thudc thiét ké
ban du, tién hanh 1ip ghép cac thiét bi lai trén hé thong khung d& bang thép theo dung trinh ty
nhu hinh 5. Dung phuong phap ché tao co khi thong thuong, vat lidu ré tién, sin cé, ta dugc san
pham nhu hinh 7 va 8.

3.4. Huong din vin hanh mé hinh

Bude I: Cim dién, md may bom (8), cip nudc tir binh chira nuée dudi (12) 18n binh chira nuée
trén (4). Cho khi binh chtra nudc trén day thi tién hanh thi nghiém. Trong thoi gian chd doi thi pha nudc
mau va d6 vao binh chira nude mau (1).

Burée 2: Thi nghiém véi truong hop luu luong ting dan, bang cach md rong khoa nudce (6),
dong chay chuyén tir trang thai chay ting sang trang thai chay réi. Mé khoa nude (6) véi do mé rat
nho, dé co dong chay tir tir trong dng quan sat (5), ma khoa (2) ctia binh chira nude mau (1) dé cho
dong chay vao 6ng dan nudc mau (3). Piéu chinh khéa (2) sao cho lugng nudc mau dii quan sét.

Buwéc 3: Quan sat dong nudc mau chay trong 6ng quan sat (5) dé nhan xét trang thai chay.
Ung vé6i trang thai chay thur 1, tia mau nhu sgi chi théng, ta xac dinh duoc sb Re; tuong ing.

Buée 4: Mo dan khoa nudc (6) dé tang dan luu lugng nudc trong dng quan sét (5), van tdc
nudc chay trong dng quan sét (5) tang 1én. Ung vdi trang thai chay thir 2, tia mau bit diu gon song,
dat doan, ta xac dinh dugc sé Re, tuong ung.

Burée 5: Tiép tye md dan khoa nude (6) rong hon nita, luu lugng trong dng quan sat (5) tang Ién, van
tdc nudc chay ting 1én. Ung véi trang thai chay thtr 3, tia mau hoa 1an hoan toan vao dong nudc, ta
xéc dinh dugc sd Res twong tng.
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Budc 6: Thi nghiém nguoc lai v6i truong hop lwu lwong giam dan: dong chay chuyén tir
trang thai chay rdi sang trang thai chay ting. Ta ciing xac dinh dugc s Re twong ung.

Tién hanh thi nghiém 3 1an (3 lan ting dan luu luong chit 16ng qua éng quan sat va 3 lan
giam dan luu lugng chit long qua dng quan sat), ta s& do va c6 nhan xét chinh xac hon vé sb Re.

3.5. Céc buéc tién hanh thi nghiém

Cic bude ldy sé liéu: (1) Van hanh mé hinh theo cac budc hudéng dan nhu trén; (2) Do
nhiét d6 cua nudce, ghi vao bang téng hop sb liéu; (3) Tra bang 2 dé xac dinh hé s6 nhdt dong hoc
v; (4) Dung binh chia d6 do thé tich chat long va dung dong hd bam gidy dé do thoi gian 10 gidy
nude chay qua éng. Thyc hién 3 1an lién tiép nhu vay tng véi mdi trang thai chay; (5) Ghi lai luu
luong tuong ung voi tung trang thai chay ma ta quan sat dugc.

Tinh todn két qud: (1) Tinh van toc v dong chay theo cong thuc v = Q/A (Véi
A=rd?/ 4lé’mét cit ngang cua 6ng quan sat; d = 21 mm = 0,021 m la d}rc‘mg kinh éng quan
sat); (2) Tinh so Reynolds tinh toan (Rey) theo cong thirc (1); (3) So sanh so Reynolds tinh toan
(Rey) v&i so Reynolds ti€u chuan (Re = 2320); (4) Nhan xét trang thai chay cua chét long trong
ong co tiét dién tron.

Thé cac s lidu do dugc vao cong thire (1), két hop quan sat cac trang thai chay cua chét long
nhu hinh 6, ta dugc cac két qua nhu cac bang 2.

Quan sat hinh anh cta chét long ing véi s6 Re lic Rey < 2320; Rey > 2320 dé nhan xét
trang thai chay tang, rdi cua chét 1ong tir d6 kiém chung lai tinh hop 1y thi nghiém ctia Osborne
Reynolds trong trudng hop cho dong chét 16ng chay trong éng tron thing dimeg.

Bing 2. Truong hop chat long chady tang

Lan | 2 N Retiéu | Két
do t°c v (m°/s) Q (I/s) | v (ml/s) Rey Hinh édnh chuin ludn
1 0,02 0,065 | 1685,12
Trang
2 30 | 0,0081.10" 0,025 0,07 1814,81 9390 thzfll
Chay
tang
3 0,03 0,086 | 2229,24
Bing 3. Truong hop chat léng chay roi
Lan | , 2 N Retitu | Két
do t°% v (m-/s) Q(I/s) | v (mls) Rey Hinh édnh chun ludn
1 0,175 0,50 | 12962,9
Trang
Chay
roi
3 0,26 0,75 | 194444
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4. Két luan q , ‘ , ,

Mo hinh do va kiém ching so0 Reynolds bang cach cho dong chat 1ong chay trong ong tron
thang dtimg dé dang lip dat, van hanh mé hinh va x4c dinh dugc cac trang thai chay cua chat 1ong.
M0 hinh tuong dbi nho gon, dé dang di chuyén. Cac chi tiét trén mo hinh dé tim, d& thay thé va dé
sta chita khi hu hong. Vit liéu ché tao md hinh tuong ddi ré tién.

Trong 3 lan do diu, dong mau va dong nudc trong éng chay thanh timg dong riéng biét, ta
c6 dong chay tang. Khi ting dan vén tdc ctia dong chay bang cach mé rong khoa nude, ¢ 3 1an do
sau, dong nudc mau va nude trong dng nghiém chuyén dong xao tron 1an vao nhau, ta co6 dong
chay rbi.

Mo hinh dap ung duoc ¥ tuong ban dau 1a kiém chimg sy dung dan thi nghiém ctia Osborne
Reynolds thuc hién nam 1883, bang cach cho dong chit 16ng chay trong 6ng thang dimg. M6 hinh
nay dung lam d6 ding hoc tap cho sinh vién, nha truong khong phai mat tién dé mua.

Tuy nhién, md hinh nay ciing ¢6 han ché: chua thyc hién dugc ddi v6i éng quan st c6 duong
kinh va hinh dang khac nhau; chua thi nghiém dugc voi nhidu loai chit long; chwa kiém ching
dugc hé sd Re khi thay doi nhiét d6 cua nude va khi thay d6i goc nghiéng so véi phuong ngang
ctia dng quan sat.
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