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CAN PHONG BANG LY THUYET THU’ NGUYEN

DIMENSIONAL ANALYSIS OF CONDENSATION ON COLD FLOOR
OF ROOM MODEL
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TOM TAT

Bai bdo trinh bay phirong phép xik I két qua thi nghiém bdng Iy thuyét thir nguyén dé tinh
toc d6 ngung tu trén san lanh ciia mét cin phong, théng qua cdce dai heong khéng thit nguyén. Moi
phu thuée ham s6 c6 thé dp dung cho mé hinh trong tu. Trudc tién, cdc thi nghiém duwoc tién hanh
trén co s& Ii thuyét quy hoach thuc nghiém d6i véi mo hinh thu nhé. Sau do, dp dung Iy thuyét thir
nguyén va tuong tu dé bidu dién téc do ngung tu trén san lanh ciia cin phong théng qua cdc 56

khong thit nguyeén.

Tw khoa: Thir nguyén, doi leu, ngumg tu, quy hoach thuc nghiém.

ABSTRACT

The paper presents the method of processing the experiment results using the dimensional
analysis to obtain condensation rate on cold floor of a room by dimentionless numbers. The
dimentionless function obtained can be used for similar models. Furstly, the experiments were
conducted on the basis of design of experiments theory for the reduced model and the regression
Junction was given to evaluate the influence of factors on the rate of condensation on the floor.
Secondly, applying dimensional analysis and similarity theory for expressing the condensation rate

on the cold floor of the room model as a function of dimensionless numbers.

Kevwords: Dimension, convection, condensation, design of experiments.
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1. PAT VAN DE

Chuyén dong cua dong khi tfrong phong
hiu hét 1a dong chay rdi va duge mé ta bang
hé phuong trinh Navier-Stokes la céc phucmg
trinh vi phin dao ham néng pn tuyén, lién ke:t
[3]. Tuy nhién, viéc tim nghifm glﬂl tich tﬂng
quét cho hé nay dén nay chua c6 ma chi ton
tai nghiém cho mét s6 rat it cic trudng hop st
dung nhiéu gia thiét don gian hoa v chi ding
cho dong chay tang [4], [6]. P6i voi bai todn
ngung t, hién ciing chi c¢6 101 giai ban thuc
nghiém dua trén 1y thuyét Nusselt cho nhiing
hinh dang don gian ban phing thang dimg
hodc nam ngang; Ong hay chum ong thing
dimg hodc nam ngang. Hién nay, phuong phap
sé dang 13 xu hudng cha dao dé gidi cac bai
toan ngung tu ddi l[rru, dién hinh nhwr cac céng
trinh [5], [7], [9] cla cac tdc gia nudc ngoat
hay cac cong trinh [1], [8], [10] cua cac tac gia
trong nuoc. Nhom tac: gia d3 tién hanh nghién
cury sO trén phan mém ANSYS-FLUENT cai
tién va co cac cong bo trong cdc cdng trinh [1],
[8]. Tuy viy, cén c6 két qua thue nghiém kiém
chimg. Trong bai bao nay, nhom tac gia da tién
hanh ché tao mé hinh thi nghiém ngung mang
cho khong gian dang can phong dé lam co sO
kiém chirng cong cu 36 ap dung quy hoach
thwe nghiém dé xac dinh t6i wu sé thi nghiém
va phan tich dugc cac yéu t6 anh hudng dudi
dang ham hoi quy. Cac két qua thi nghiém sau
d6 dugc xir Iy bing phuong phap thir nguyén
tu cac phirong trinh co ban dé tinh toén dugc
toc dé ngung tu cho md hinh dong dang thong

qua ham sé véi cic bién s6 14 cac sb khong thir
nguyen.

2. BO TRI THI NGHIEM

2.1. Mo ta hé thong thi nghiém nguwng tu
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Hinh 1. So d6 nguyén Iy hé thong thi nghiém
ngung tu mang trén san lanh

Hé théng gbém c6 budng thong thodng
(3) bing gd xoan dao cb kich thudc théng thiy
90x60x60cm, day 2cm. Phia trirée va phia sau
cua budng thdng thoang c¢d cira vao va clra ra
kich thudc mit cit ngang 20x20cm duge kéo
dai vé& trude va sau mdi phia 50 cm, Khéi dong
(2) dwoc lip trong doan 6ng phia tnrde, sau
khéi nan dong co cac 16 ¢15 dé dua dau do
vao do cac thong sd dong khi cira vao. Trude
khoi nén thing dong 1a may phun swong tao
Am siéu 4m (1). Poan 6ng phia sau ¢6 16 ¢15
d¢ kiém tra cac thong sd dau ra. Quat hat li
tdm dwoc (9) duge lap & cubi doan Ong phia
sau. Mt trén cua buéng thong thoang la nfip
day, trén nip day c6 3 16 $20 doc theo chiéu
dong chay, trén mit phang thing dimg, cac 10
nay ¢6 nut bit kin bang ob. Phan day cua budng
thdng thoang duoc gﬁn voi thung chita nuoc
lanh béang Inox (4), thong qua céc tai ¢6 dinh.
Toan bd thiing nuée lanh duoc bao 6n bing
vt 1éu Pe-opp day 2cm. Nudc trong thing
dugc luru thong nhé bom chim (7) va 1am lanh
nho may lam lanh nuée (10), sau dd duoc tuan
hoan tré lai bang hé thong cap nude tudn hoin
(5) Bé mat trén thung Inox dugc nghiéng de
nudc ngung ty chdy vao cdc hing {6).
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Hinh 2. Hé thong thi nghiém ngung tu mang trén san lanh:
1)May phun swong tao am Magic Bullet H122; 2) Buong thong thodang bang g6 xoan dao;
3) Hop diéu toc; 4) Quat hiit li tam TICO 154V4; 5) May lam lanh nuoc (water chiller) AI-S36G 160, 6)
Thing Inox chita mede tao bé mat lanh, 7) Cc hitng nuede ngung tu

2.2. Cac thiét bi do

Bang 1 Cac thiet bi do toc do, nhiét dé, dé am-

-

= ——

Thiét bi do nhiét dé, | May do toc dé va huu May do nhiét do May do VelociCalc
do am Extech HD300 lirong Testo 425 EBRO TTX 100 9565
2.3. B0 tri thiét bi do S —
, = ‘ - |
Cac thong so cua dong khi ¢ ctra vao =N e == =
nhu van toc, nhiét d6 va do am twong doi duge | =" : s [iin
do tai 9 diém trén mat cat A-A (danh s6 tr 1 T A = ==
dén 9) sau do liy gia try trung binh. Céc gia tri i .. =]
van toe, nhiét 6, d6 am tai truc doi ximg cua e 0 20 e B TS e i, oo
mo hinh dwoc do ta1 5 diem (11—15). Nhiét do e ' F
L

nuoe do tai diém s6 10 (hinh 3). Cac khoang L
cach trén hinh 3 ¢o6 don vi la cm.

Hinh 3 17 tri do cac thong so cua dong khong khi
am va nivoc lanh
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2.4, Phwong phap do

Céc gié tri do van téc, 46 4m va nhiét
d6 tai mdi diém do duogc tinh trung binh tir
dong cac két qua do trong thoi gian mét philt,
moi phit may do duge 120 két qua, Sau khi ¢o
gid tr1 do trung binh ta: mbi diém do ta liy gia
tri trung binh ctia 9 diém do trén mit cat A-A &

ctra vao mo hinh (hinh 3).
3. QUY HOACH THUC NGHIEM

Quy hoach thie nghiém la co séphuong
phap luidn cua nghién ctru thuc nghiém hién
dai. D6 1a phuong phép nghién ciru m&, trong
d6 cdng cu toan hoc giit vai tro tich cuc. Co so
todn hoc nén tang cia 1y thuyét quy hoach thuc
nghiém 13 toan hoc xé4c suét théng ké véi hai
linh vuc quan trong la phén tich phuong sai va
phén tich hdi qui [11]. Quy hoach thirc nghiém

14 tdp hop cac tac dong nhiim dua ra chién
thuit 1am thuc nghiém tr giai doan ddu dén
giai doan két thiic clia qué trinh nghién ciru doi
tuong. Phwong phap nay cho phép giam déng
ké s6 uong cac thi nghiém. Ap dung nguyén
tic phirc tap dan mé6 hinh toan hoc [12], céc thi
nghiém dugc tién hanh trén co s i thuyét quy
hoach thuc nghiém truc glao cap mot nhim
dira ra dugc ham hdi quy da bién cho phep
r.:’[anh gia mirc 46 anh hudéng cna ba yéu t dén
tdc d6 nudc ngung tu trén san. Xay dung quy
hoach thuc nghiém truc giao cip mot dé xét
anh hudng cua 3 yéu t6 (k=3) 1a vén toe V.
chénh 1&ch nhiét 46 AT, dd am cua khong khi
clra vao @ dén téc d6 ngung tu Q(ml/h) trén
san lanh ctia mo hinh, Ta s& ti€én hanh 11 thi
nghiém, trong d6 tam thi nghiém co bén (n=
2¥), ba thi nghiém tai tdm (V = lm/s, AT =175
°C, © = 90).

Badng 2. Cac mirc thi nghiém ciia cdc yéu té dnh hudng:

Yéu t6 Anh huwéng Miie thap Miic cao
Vin téc cira vao V (m/s) 0,5 1,5
Chénh nhiét gifta khong khi ctra vao va san lanh AT (°C) 15,5 19,5
Dé am khoéng khi cira vao ¢ (%) 84 06

Cac yéu té anh hurong dwoe mé hoa trong ma trin thire nhiém bdi cac bién X,» X; X, trong
ma trén thie nghiém. Ham ho1 quy bic nhit ¢d dang: )

Y = 51,95+3,57X, +25,78X, +1,12.X,

(1)

Trong do: b, b: Cac hé sO cuia ham héi quy ma tran thuc nghiém dugc xdy dung nhi trong

bang 3.
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Bdng 3. Ma tran quy hoach thuc nghiém:

Cic yéu t6 Anh huéng Yéu td dwrgc ma héa G1 do

No (mV/h)
AT % 0 X, X, X, X, 0
i 15,5 0,5 84 1 -1 -1 -1 22
2 19,5 0,5 84 i 1 -1 -1 28
3 15,5 1,5 84 i -1 ] -1 73
4 19,5 1,5 84 i 1 1 -1 30
5 15,5 0,5 96 1 -1 -1 1 24
6 19,5 0,5 96 1 1 -1 l 31
7 15,5 1.5 96 i -1 1 i 75
8 19,5 1,5 96 1 1 1 1 82
9 17,5 1,0 90 1 0 0 0 52
10 17,5 1,0 90 1 0 0 0 51
11 17,5 1,0 90 1 0 0 0 51

Cac hé sd hdi quy tim dugc theo
phuong phap binh phuong cuc tiéu duge thé
hién nhu trong bang 4.

Bang 4. Két qua tinh toan cic hé s6 ciia phirong
trinh hoi guy:

b b b b

0 | 2 3

51,95 3,57 25,78 1,12

Ta tim dwoc phuong trinh hoi quy

Y = 51,95+3,57X, +2578X,+1,12X, (2)

Dé kiém dinh y nghia cua hé 56 hoi quy
va sir twong thich cua phuong trinh héi quy véi
thire nghiém ta dung tiéu chuan Student va Fish-
er[11],[12]. Tirkét qua ba thi nghiém & tam (thi
nghi€m s6 9, 10, 11) va thu dwgce gia tr trung
binh y, =51,33, phuong sai tai hién S, = 0,33
,S,=0,58. Cic hé so dugc tinh theo tiéu
chuan Student ¢ :|hf‘,’8b = 254.5, 1, =175,

t=126,3.1 =35,5, ta gitr lai cac hé s6 co
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£, > t,45(2). Tra bing tiéu chudn Student ta c6
ne:rll téi tl?ay cachésbb,b,b,b lacoy nghia
v do tin cdy p < 0,05.

Pé kiém tra sy twong thich cta ham
hdi quy vér s liéu thuc nghiém ta dung
ti€u chuln Fisher. Theo ti€u chuln Fisher ta

tinh dugc F=S,/8; =0,57, tra bing ta cé

F(0,95,4:2)=19,3> F . Vay, phuong trinh
hoi quy (2) 1a twong thich véi s§ Lidu thuc
nghiém. Pua phuong trinh (2) vé ham d61 véi
cac bién thuce ta thu dugce biéu thire:

O =51,55V +1,78AT +40,18¢0 — 47,52 (3)
Tu két qua trén ta cd mot sd nhan xét
sdll.

Phurong sat ta1 hién S, la bé, ching to
thi ngh1ém cé @6 dn dinh t6t. Tiéu chudn kiém
dinh F nho hon nhiéu so v¢i @1a tri téi han F
(0,95, 4; 2), cho thay ham héi quy phu hop tot
voi két qua thi nghiém. Tor két qua & trén, ta

thiy toc dé ngung tu Q (ml/h) ¢o thé bidu didn &
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dudi dang ham phu thudc vao vin tc clra vao
V (m/s); 6 chénh nhiét cua dong vao vo1 san
AT(C); dd 4m tuong dbi ¢ (%) theo phuong
trinh (3). Ca ba yéu t6 khdo sat déu 1am ting
toc d6 ngung tu trong d6 vin toc dong vai trd
chinh, tiép dén 1 chénh nhiét va sau ciing 1a d6
am twong d6i.

4. XU LY KHONG THU NGUYEN KET
QUA QUY HOACH THUC NGHIEM

Muc dich cia phéan tich thir nguyén &
day la tinh todn lugng mréc ngung tu trén san
cho cdc mé hinh cin phong thuc tir két qua
thi nghiém trén mo hinh thu nho dong dang
v&i md hinh thue vé ca hinh hoc, ddng hoc
va dong luc hoc. Co sé khoa hoc cua phuong
phap khong thlt nguyén 1a ap dung dinh [i Pi-
Buckingham [2].

Biéu dién thir nguyén cua cac dai lugng
van toc (U), mét d6 (p), do am tuyét doi cua
hot nuoc (p,), ap suit (P), dﬂ nhot déng luc
hoc (p), nang lugng (E) hé s6 dan nhiét (k),
1€ 50 khuech tan (D), hiing $6 khi Ii tuong (R),
c4c s0 hang ngudn trong cic phuong trinh bao
toan (S _, S, S, S ) theo bon thir nguyén co s&
trong IlhlEt thuy khi 1a khor lugng [M], chiéu
dai [L], thoi gian {T], nhiét d6 [O]:

[U]=LT7 [p]=ML7, [p,| = ML, [P]=ME'T, (1] =ML ™7
[E[=077 [k]= ML T K™ [D]= LT [R)= £T %0
(8, |=ML T[S )= MLT 5 ) =ML T, [§,]=MLT

bat:
{7=£?E:£,ﬁ:f"‘_p§] T= -1 :T_ijp} = PP
U, L il L-T. AT 7 p,-p
L y .
RL = —--E G; = éﬂ{ﬂﬁr) L P :u_["rl; S{-' -_:1_
14 % D

Cac chi 56 *h”, “k”, “0”, “s™ lan luot
la hot nude, khéng khi, gid tt1 & cia vao va o
san. Bién ddi cde hé phuong trinh bao toan cho
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dong dimg khéng nén & dang thir nguyén vé
dang khéng thir nguyén nhu sau:

Phuong trinh bao toan khdi lugng:

v.(T)=0 (4
Dang khéng thir nguyén:
v.(U)=0 (5)

Phirong trinh bao toan ddng hrong:
p,(UV).U ==Vp+uV'U+ pyg[1- B(T-T,)| (5

Mot cach gan duing ¢ thé coi p - dp
suit tinh, nghia la:

-Vp+gp

Dang khéng thir nguyén cua phuong
trinh dong luong:

— |

(09)T == V20 -Tr,; z, = SPLDL_ G

Re [/’ Re’

i

(7)

Khong khi 4m véi hai thanh phén chinh
la ho1 nude va khéng khi khé khdng ngung.
Goi @, 14 phin khoi cua hoi nuéc. Ta b
phuong trinh truyén chat:

V(pUs,)=-V.J, ®

Thong lugng khuéch tén cua hoi nude.

Véi dong chay tang. J, =-pD, Vo,

n o

Véi dong chay rdi;

. i,
Jo=~pD, +§—)lel =—(pD,  +pD)V o, =-plVao

E.‘

Trong do D, la h¢ s6 khuéch tan 16i,

D, la hé s6 khuéceh tan khor cag chat .
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D=D+D_

Dang khbéng thir nguyén cia phuong
trinh truyén chat la:

= 7 ... . D v D 1
VU0, |=-7V e 7, = LU, LU, v ResSe )

Ta s& biéu dién phuong trinh (9) theo
bién mdi 1a @6 Am tuyét do6i nhur sau;

Xét khoéng khi am trong thé tich V.
Khd1 lugng cha hoi la m; cia khong khi khé
lam_. Go1p, va pn?lﬁn lugt Ia A6 Am fuyét dd
va mat dd cua khi am.

p =_ﬁ”0 — Tk L:\')ph: i =
A 0 h
V V For

Do m,_bé nén ¢ thé coi P, = const.

Thay vao phuong trinh (9) ta ¢é:
V.[Up, |=-mVp,; (10)

batd=p, - p, khidodangkhdng thir
nguyén cia d6 dm tuyét déi 1a:

e IGF _pn‘

)ﬂh - 'T d ;

Bién ddi hai vé cua phuong trinh (10)

theo 46 am tuyét d6i khong thir nguyén nhu
sau;

IT=V0p,=VUWAF,+p, )=d¥(T5,)+ p, VU =d9(U5,)
VP=-mhp, =-m,Aldp, + P )= ~dmAp,
Vay, phuong trinh (10) tréd thanh:

]
Re . Sc

VI Up, |=-mV'p,; 7, = (11)

Phuong trinh bao toan niang luong:
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) .
V. I"qu(cpn%) kYT, (12)

Pua phuong trinh Error! Reference
source not found, vé dang khong thir nguyén
nhir sau;

yp= D pr
L

UC,(AT) [ — 2 :
o D S ACbR 1o A (PR
L 2 C,(AT)

Vay, phuong trinh bao toan nang lwgng
dang khong thir nguyén sé la:

k1 (13)
LpUC, Re.Pr

_t_ [J* ——
?U{T +?EE]=EJ?ET; I,

Diéu kién bién cia bai toan (hinh 4)
nhur sau:

Tran
Mat 3o xung -~
R
rﬁﬂﬁ]’ucmg truore ) T':"'_t_"_"E' b&n Cira ra
L
[ L Cira vao -—-_-—-fj{ 7
T AT |
J | © |
- c:-l:q J_f
]
.-""H m -
P San_ 3 jﬂ/
L
e
Hinh 4 Cae didu kién bién trén nira mé hinh
nIUT 1

« Trdn: ==H,7=H/L U =U,=U =0,U =U =U_=0,

*Tuongbén v=Wi2,7=Wi2L U =V, =U=00 =0 =0 =0,

A

*Tuongtrude: x=L; ¥ =1, U, :E_ﬂ, =U. =0;

»Tudng sauw: x=0;¥=0;U =U,=U._=0;

« Tar mit d6i ximg;

v=0,U, =0. Poog 50,7 =0,% 0, %% _g
oy T

= Cura trudc:
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2H
x=L;—E£y£0;E£z£—;

6 3 3
sz_Uﬂ;U}r=Uz=ﬂﬂpﬁ=phﬂ
f=1,—E£}_}£U;££E£2—;

6/ 3L 3L
U, =-LU,=U,=0,p,=1T =1
» Cira sau

W H 2H
=D,0£ = - s < ":_:—, =p,.. =
X ¥y 6’ 3 Z 3 P=r Py
JT=O;—-E£37£U;££E£§E;§=U

6l 3L 3
« San

Téc d6 ngung tu Q(ml/h) trén toan san
duoc tinh boi téng toc dd ngung tu trén timg
phan tir tinh todn trén san (“cellwall”) [1]:

0 - Z pD o

. ,-,ul—'{f!}' aE

.5 [Ql=MT™ (14)

Biéu dién Q qua dé am tuyét doi P,

D clp o) LD —~
Z 2 L_';:H.:-—l' ZI{-J{} (].5)

@ -1 LT &, —

Biéu dién Q qua do im tuyét ddi p, :

LD Hpd-p )~ iDd « ip -
Y Lty = 2~ . (16)

w -1 = (2 @ 1

A

Tir hé phuong trinh va didu kién bién &
trén, theo Ii thuyét thir nguyén, SUY ra
H W U

p = f(Re.Gr.PrSe.z.:—. —. 3% 1. =
S e A

ISSN 0866 - 7056

www.cokhivietnam.yn

A% R

Phuong trinh (16) tr& thank:

0= LD(p,4 — Pm)f _ LD py (@4 _mhs)f (18)
-, 1-@
Do C la lom (cua khong khi khd 13
1005/ (kg. K) nén cd thé xem n, = 0, vi vdy:

f = f (Re; Gr; Pr; Sc; H,’L;W/L) (19)

Tir (18) ta thay, néu giir nguyén chat
cong tac (khdng khi 4m) va hinh dang cin
phong thi P; S ; H/L; W/L = const. Do d6, Q
chi con phu thudc vio 2 bién 1a Re va Gr,

Dung phan tich hdi quy da bién cho cac
k€t qua thi nghiém mé hinh ngung tu thu duge
& trén ta co;

5,27 7,82
=—]1,13+ Re + Gr 20
4 10* 10° (20)
Trong doé:

2,77.10* <Re <8,84.10°

(21)
1,44.10° < Gr £1,82.10°

5. KET LUAN

Bai béo trinh bay phuong phap khong
thtr nguyén dé xac dinh toc do ngung tu tren
san lanh cua cin phong théng thoang b
khong khi am. Téc d® ngung tu trén san lanh
duge tinh théng qua ham sé cia cac bién
]{hﬂng thtr nguyén khi cin phong céan tinh I
dong dang vén mé hinh cin phong thu nho da
thi nghiém. <
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