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PHAN THU HAI
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BACH KNOA |

CAC DANG TRAO POI NHIET CO BAN

Dan nhiét: 1a qua trinh trao doi nhiét
gilta cac phan cua vat hay gitra cac vat
cO nhiét d6 khac nhau khi chung tiép
XxUc voi nhau.

Poi lwu: 1a qua trinh trao doi nhiét nho
s chuyén déng cua chat Idng hoac
chat khi gitra nhirng vung co nhiét do
khac nhau.

Blrc xa: La qué trinh trao doi nhiét

Airvove thive hian hann cAnn Aian tre
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TRAO DOI NHIET
POI LUU
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V. i
“* TRAO POI NHIET POI LUU

La qué trinh trao d6i nhiét nhé sw chuyén
dong (Vi mo) clia chat Idng hoac chat khi
gitra nhirng vung co6 nhiét do khac nhau.
Trao déi nhiét déi lwu luén kem theo dan
nhiét (nhwng khéng dang ké) vi luén cé sy
tiép xuc gitra cac phan tl c6 nhiét dé khac
nhau.

Toa nhiét dbi lwu: 1& qud trinh trao ddi
nhiét doi lwu gitra bé mat vat ran véi chat
1dng hodc chat khi chuyén déng.
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" 'NHUNG NHAN TO ANH HUONG

Nhdng nhan té dnh hwéng dén chuyén
déng cda chat 16ng hodc chét khi déu anh
hudéng dén qué trinh trao déi nhiét doi luu.
Nguyén nhan gay ra chuyén dong
Chuyén ddng tw nhién do chénh léch mat
d6. Lwc nang P = gAp.

Chuyén ddng cuwdng blrc do tac dung cua
ngoai lwc (bom, quat...). Trong chuyén
déng cuwéng bc ludbn kém theo chuyén
dong tw nhién.
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“=  NHUNG NHAN TO ANH HUONG

Ché dé chuyén déng (phu thudc vao Re = ollv -
o [m/s]; | [m]; d& nhét ddng hoc v [m2/s])

Chay tang (Re < 2300): quy dao chuyén déng
clia cac phan t&r song song v&i nhau.

Chay roi (Re > 2300): quy dao chuyén déng
cla cac phan tl khéng theo quy luat nao.Trong
dong chay roi, ludn ton tai I&p dém (bién) chay
tang & sat bé mat vach ran do ma sat gitvra chat
ldng v&i nhau va véi vach chat ran. Chiéu day
I&p dém tang phu thudc vao tdc dé chuyén
dong va dd nhot clia chat 18ng.
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NHUNG NHAN TO ANH HUONG

Tinh chat vat ly cha chat 1dng hay chat
khi: p, C,, A, &, d6 nhot dong hoc v
[m?/s], d6 nhét dong lwe hoc w [Ns/m?],
hé sb gian né thé tich B [1/K]. Ta co
qguan hép=vp

Hinh dang, kich thwéec, vi tri bé mat trao
dbi nhiét
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HE PHUONG TRINH VI PHAN

Phwong trinh nang lwong (can bang
nang lwong);

Phuong trinh chuyén déng (phuong
trinh dong lwong - can bang lwc);

Phwong trinh lién tuc (can bang chat);
Phwong trinh trao déi nhiét.
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PIEU KIEN PON TRI

Piéu kién thoi gian: dac trwng cho dac tinh
cua qua trinh theo th&i gian;

Piéu kién hinh hoc: dac trwng cho hinh
dang kich thwdc bé mat trao dbi nhiét doi
lwu;

Piéu kién vat Iy: dac trwng cho tinh chat
vat ly cua moi trwong trong do xay ra qua
trinh trao déi nhiét doi lwu:

Piéu kién bién (loai 3) dac trwng cho dac
tinh cda qua trinh trao doi nhiét xay ra trén
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“= CcONG THUC NEWTON

Dé xac dinh lwong nhiét trao doi gitra be
mat vach chat Idng hay chat khi:
q = a(t, — t) [W/m?]
Q=qF =aF(t,—-t) [W]
g, Q la mat doé dong nhiét va dong nhiét
F 1a dién tich bé mat trao dbi nhiét [m?]
t, tr 1& nhiét do bé mat vach va chat 1dng &
xa bé mat vach [°C]
o 1a hé sb trao dbi (tod) nhiét dbi lwu

NA/InA2171
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CAC PHUONG PHAP XAC PINH a

a=f(A,C,p,v,Bt, t, o, Kich
thwoece...)

Phuong phap gidi tich: viét hé phwong
trinh vi phan va giai cung véi cac diéu

Kién don tri.

Phuwong phap thwe nghiém: xay dwng

thi nghiém dé do mét s6 dai lwong can
thiét dé tr do c6 thé xac dinh dwoc o

Ly thuyet dong dang: dé mé réng két

~ f\ FlAari A e AalAal A aA
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== LY THUYET PONG DANG

2 hién twong vat ly chi co thé déng dang
khi chiing c6 cuing ban chat vat ly va cung
dwoc mo ta b&i mét hé phuwong trinh vi
phan, ké ca diéu kién don tri.

Néu 2 hién twong vat ly ddng dang duoc
biéu dién bang phuwong trinh f (p, &, u, 1,
,...), ta cO cac hang s6 dong dang:

U T

&:Cp; ﬁZC,I; ﬂZC; i:C; I_l:C|
P A, H; T l;
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Gia s co 2
dwoc mo ta

TIEU CHUAN PONG DANG

nién twong déng dang clng
hang phwong trinh vi phan
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“*= TIEU CHUAN PONG DANG

Céc tiéu chuan déng dang trong trao
dol nhiét doi lwu on dinh:

3
Nu=ﬁ|; Rezgl' Grzg’BI Al Pr =

A v v
Néu 2 hién twong vat ly déng dang thi
cac tiéu chuan déng dang cung tén co
gia tri bang nhau.

Q| <
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KICH THUOC XAC PINH

La kich thuwdc dac trwng cho qua trinh trao
doi nhiét (tbng quat la qué trinh bat ky).

Tuy trwéng hop co thé chon khac nhau:

Poi lwu tw nhién: | 14 chiéu cao ctia 6ng hoac
tam dat ding.

Poi lwu cwdng bire: 1a dwérng kinh trong cua
ong hoac khodng céch gitra 2 vach cirng
song song.

Trerong hop onagtdcg %Et dlﬁnrj bat ky:
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** NHIET PO XAC PINH

La gia tri nhiét dd ding dé xac dinh céc dai
lwong vat ly nhw A, C, p, B...

Nhiét d& xac dinh c6 thé chon khac nhau:
niét do cla chat léng: t;

niét do bé mat vach: t;

niét do trung binh: t = 0,5(t, + t)

niét dé xac dinh dwoc ky hiéu ludn vao
tieu chuan dong dang: Re;, Re,,, Nu....

N
N
N
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PHUONG TRINH TIEU CHUAN

La phwong trinh néu 1én moi quan hé gitra
cac tieu chuan can xac dinh va tieu chuan
xac dinh.

Tiéu chuan can xac dinh: la tiéu chuan
chtra dai lwong can tim (vi du Nu chira o
trong trao doi nhiét doi lwu)

Tiéu chuan xac dinh: la cac tiéu chuan con
lal.

Phwong trinh tiéu chuan trong trao doi
nhiét doi lvu thwong co dang:
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TRAO DOI NHIET
POI LUU TU NHIEN
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“= POILUU TU NHIEN

La qud trinh trao dbi nhiét thwc hién khi
chat [dng hay chat khi chuyén dong tw
nhién.

Nguyén nhan gay ra chuyén déng tw nhién
la chénh léch mat do gilra nhirng vung co
nhiét d6 khac nhau.

Chuyén ddng tw nhién phu thudc va ban
chat cua chat Idng hoac khi va d6 chénh
nhiét do.

Poi lwu tw nhién cé thé xay ra trong khdng
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POI LUU TU NHIEN TRONG KHONG
GIAN VO HAN

Khong gian vo han: da Ién dé trong d6
qud trinh dét ndng hoac l1am ngudi chat
Idng hay chat khi xay ra doc lap.

Xét 2 dang khong gian vd han: 6ng
hodc tam phang dat dirng va ong hoac
tam phang dat nam ngang.



Trwong PHBK Ha ndi - Vién KH&CN Nhiét-Lanh - B mdn Ky thuat nhiét
B/c: Phong 201 nha C7 BDHBK Ha ndi DT: (04) 8.692.333

POI LUU TU NHIEN TRONG KHONG
GIAN VO HAN

0.4
Chay rdi
Chay chuyén tiép
Chay tang
0.4
>
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POI LUU TU NHIEN TRONG KHONG
GIAN VO HAN

Ong hoac tam dat ding
Ché do chay tang (103 < (Gr; Pr,) < 109)

Pr

W

Pr 0,25
Nu, =0,76(Gr, Pr, )0’25(—fj

Ché do chay roi ((Gr, Pr,) > 109)

Pr 0,25
Nu, =015(Gr, Pr, )0’33(P_fj
I

W
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POI LUU TU NHIEN TRONG KHONG
GIAN VO HAN

Ong hoac tam dat ngang (103 < (Gr; Pry) <

9
10) 0,25 Prf "
Nu, =O,5(Grf Prf)’ o

W

Nhiét do xac dinh: t;

Kich thwde xac dinh:

Ong, tam dat ding la chiéu cao

Ong nam ngang la dwong kinh ngoa
Tam nam ngang la chiéu rong
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POI LUU TU NHIEN TRONG KHONG
GIAN VO HAN

V@i tam nam ngang:

B& mat ndng quay |én trén o tang 30%

S0 vVO'I cong thure

B& mat ndng quay xuong dwdi o giam

30% so voi cong thure 0 25

Hé sb hiéu chinh chidu dong nrﬁ{,élj

Vi chat khi: (Prf j | "
Pr.,
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POI LUU TU NHIEN TRONG KHONG
GIAN HUU HAN

Khéng gian hiru han: qua trinh dot néng
hoac lam ngudi chat long hay chat khi
co anh huwéng lan nhau.

Cac dang khong gian hiru han:

Khe hep thang dirng

Khe hep nam ngang

Khe hinh xuyén
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KHE HEP GIUA 2 VACH SONG SONG
THANG DPUNG

” @ % "
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KHE HEP GIUA 2 VACH SONG SONG
NAM NGANG

tWl

‘/’—\\_/’ﬁ
\/’—\\_//‘
«— O —»

tW2 t

Bé& mét nong phia trén
tW2
AN AN AN AN
tWl

Bé& mét nong phia dudi

>1

wl w2

“«— O —>
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= KHE HEP HINH XUYEN

>1

wl w2

Bé& mat néng phia trong Bé& mat néng phia ngoai
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TINH TOAN POI LUU TU NHIEN
TRONG KHONG GIAN HUU HAN

Coi qud trinh & dan nhiét:
2”[d

q:F(tW]._tWZ) ﬂ“td :gdlﬂ’

Khi 10° < (Gr,Pr;) <10°

- Kich thudc xac dinh 9;
- Nhiét @6 xac dinh:
tf — 0’5(twl +tw2)

&, =0.105(Gr, Pr, P

Khi 10° < (Gr,Pr;) <109

&, =0,40(Gr, Pr, 2
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- TRAO DOI NHIET
DOl LUU CUONG BUC
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POI LUU CUONG BUC

La qua trinh trao ddi nhiét thuwc hién
nho sw chuyén dong cwdng birc cla
chat léng hay khi.

Céc trwong hop trao dbi nhiét doi lwu
cwdng burc:

Chay trong ong

Chay ngoai 1 6ng

Chay ngoai 1 chum 6ng
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ww  TRAO DPOI NHIET POI LUU CUONG

BUC, CHAY TANG TRONG ONG

Ché dé chay tang: Re < 2300

Poi lwu tw nhién c6 anh hwdng lén

Hé so tod nhiét thay ddi doc theo chiéu
dai 6ng

Hé sb toa nhiét trung binh sé& én dinh tw
khoang cach | > 50d (d - dwong kinh
trong cua ongQ)
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BUC, CHAY TANG TRONG ONG

Cong thire thwe nghiém cua M.A. Mikheev:

0,25
Pr
Nu, =0,15Re%* Pr®* Gr? ( fj £Ex
Pr

Poi v&i khdng khi:
Nu, =0,13Re’}* Gr/'¢,s,
Hé sb hiéu chinh chiéu dai ong (bang 6.1)

Hé sb hiéu chinh tinh dén d6 cong cua 6ng

£n =1+1,77%
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BUC, CHAY ROI TRONG ONG

Ché db chay roi, doi luu tw nhién hau
nhw khdng dnh huéng dén trao doi
nhiét.

Cong thire thwe nghiém cua M.A. Mikheev

vGi Re > 104 Pr, )"
( 3021Re28Pr°43(Pfj €6
I

B0i vo kflll%r:g l6h(518 Re%’ ¢,¢,
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wsw  TRAO DOI NHIET POI LUU CUONG
BUC, CHAY NGANG QUA 1 ONG

Re < 5, toan bd bé mat 6ng dwoc bao
001 chat Iong (hinh 6.3a — Tr. 143)

Re > 5, chi c6 1 phan bé méat 6ng dwoc
pao b&i chat léng, phan con lai nam
trong vung xoay (hinh 6.3b, ¢ — Tr. 143)
Hé so tod nhiét quanh bé mat 6ng thay
doi theo hinh 6.4 — Tr. 143.
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TRAO POI NHIET POI LUU CUONG
BUC, CHAY NGANG QUA 1 ONG

I
stagnation paint — Separation point
Boundary layer

FIGURE 7.D> Btmmlary Iuyrr formation and :ir.pa.ratinn
on a circular cylinder in cross flow.
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TRAO POI NHIET POI LUU CUONG
BUC, CHAY NGANG QUA 1 ONG

BED

Rep = 2.19% 10!

5001

Ficime 7.9

Local Nussali number for airflow
mrmaal to @ circalar ey linder

| Adapied with pecmission from W,
o a0 B0 120 160 H. Giedt, Trons, ASME, 71, 375,

Anguine comyiinale, @ LR L
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% TINH TOAN TRAO DOI NHIET DOI LUU
CUOGNG BUC, NGANG QUA 1 ONG

Khi 10° < Re; < 2.10°

Pr 0,25
Nu, =0,25Re’® Pr?’%(—fj g
Pr_ Y

V&i khong khi: y
Nu, = 0,216 Re%® ¢

¢®
Khi 5 <Re;< 103 or \02

Nu, =0,5Re?%’ Pr$'38£P—rf] g,
Vi khong khi:

W

Nu, =0,43Re%° ¢

¢
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TINH TOAN TRAO POI NHIET POI LUU
CUONG BUC, NGANG QUA 1 ONG

Kich thwde xac dinh: la dwdng kinh
ngoai cta ong.

Nhiét do xac dinh: 1a nhiét dé chat 1éng
.

Hé s6 anh hwéng cta goc va dap (goc
toi) cia dong ¢, (tra theo do thij hinh 6.5
—Tr. 144).
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BUC, CHAY NGANG QUA CHUM ONG

Céc trworng hop chim ong:

Bo tri song song;

BO tri so le.

Pac tinh cda chum 6ng:

Bwéc 6ng ngang twong doi s,/d;
Bwéc ong doc twong doi s,/d.
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BUC, CHAY NGANG QUA CHUM ONG

Céc trworng hop chim ong:

Bo tri song song;

BO tri so le.

Pac tinh cda chum 6ng:

Bwéc 6ng ngang twong doi s,/d;
Bwéc ong doc twong doi s,/d.
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ww TRAO DPOI NHIET POILUU CUONG
BUC, CHAY NGANG QUA CHUM ONG

Tw day 6ng ther
3 tr& di, hé sb
tod nhiét dbi lwu
o bat dau én
dinh.

Frovme 712 Flow conditions for (a) aligeed and (L) staggered

[TEE
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TINH TOAN TRAO POI NHIET POI LUU
CUONG BUC, NGANG QUA CHUM ONG

Khi 103 < Re, < 105
V&i chum 6ng song song:
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Blc:

Phong 201 nha C7 BHBK Ha néi DT: (04) 8.692.333

TINH TOAN TRAO POI NHIET POI LUU
CUONG BUC, NGANG QUA CHUM ONG

Kich thwde xac dinh: la dwdng kinh
ngoai cua ong.
Nhiét do xac dinh: 1a nhiét dé chat 1éng

t.

Toc do xac dinh: 1a tai tiét dién hep

nhat.
Hé sb an
t&i) cua C

n hwéng cua goc va dap (goc
ong ¢,

Hé sb an

N hwdng bwdc ong e,
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BACH HWOA

* HE SO ANH HUONG BUOC ONG

Vé&i chim 6ng song song:

0,15
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Vé&i chiim 6ng so le:
Khi s,/s, < 2 (Sl )%

Khi s,/s, > 2
&, =112
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“= POl VOI DAY ONG THU 1 VA 2

Vé&i chim 6ng song song:
o, =0,6a,; o, =09a,
Vé&i chiim 6ng so le:
o, =0,6a,; a,=0,7a,
Hé s6 toa nhiét trung binh cua chum
ong o to, (n — 2)053
n
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TRAO DOI NHIET DOI LUU
KHI CO BIEN POl PHA
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POI LUU KHI CO BIEN DOl PHA

La qué trinh trao doi nhiét doi lwu trong
d6 co sw bién dbi chat Idng thanh ho
ho&c hoi thanh chat 16ng.

Trao doi nhiét khi 1dng chuyén thanh hoi
goi la trao doi nhiét khi séi, nguoec lai la
trao doi nhiét khi ngwng.

Hé s trao doi nhiét o khi cé bién doi
pha I&n hon rat nhiéu so véi dbi lvu
MmOt pha.
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BACH

=  POI LUU KHI SOI

Piéu kién dé c6 qua trinh soi:

Chat I16ng phai dwoc qua nhiét (t > t.)
Phai cq C‘é.C tam sinh ho’i (hat bui,, bot
khi, cho 161 Iom trén bé mat vat ran).

Soi thé tich: toan bd khoi chat 1dng phal

duwoc qua nhiét (giam ap suat, nguon
nhiét thé tich trong chat 1dng).

So6i bé mat: 1&p chat 1dng sat bé mat vat
ran phai dwgc qua nhiét.
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| s s
wa  SU HINH THANH, LON LEN VA TACH

LY CAC BOT HOI

Ban kinh tam sinh hoi: D
20T, _ t
Ro — [m]’
rp, At i il :59
o[N/ml T, [K} At=t, -t [K]

r [37kgl o [kglmg] Tan so sinh hoi:

_1-

Puwong kinh tach ly bot: f = 15
- Vé&i moi chat 16ng:
D, =0,0205 60 [m] _
\/g(pf —Ph) fD, = const
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== CHE PO SOI BOT, SOl MANG

So6i bot: cac bot hoi sinh ra, I&n 1én roi
tach khoi b& mat dét (b& mat gia nhiét).
S6i mang: cac bot hoi sinh ra, lién két
v&i nhau thanh mang, I&n 1én réi tach
khoi bé mat gia nhiét. Cac mang ho
ngan chat 1dng tiép xuc voi vach — o,
> OLmémg'

Sw hinh thanh va tach ly cua cac bot,
mang hoi gay sw xao tron manh — tang

ha A tran Aal nhiat AAr v o~
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TRAO POI NHIET KHI SOI
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BACH

" TINH TOAN TRAO POI NHIET KHI SOI

Vi H,0, ché do s6i bot, p = 0,2 + 80 bar
(cdng thirc cua M.A. Mikheev)

a=315p""q”’ [W/mZK]
o = 46At7% % |W/mK |

p la &p suat tuyét doi [bar]
g la mat dé dong nhiét [W/m?]
At=t,—t_1a do qua nhiét [K]
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TINH TOAN TRAO POI NHIET KHI SOI

Can dam bao dong nhiét nhé hon dong
nhiét t&1 han:

G = 0,14r 4\/09/%2 (Pf - Ph)

r la nhiét hoa hoi [J/kg]
o la strc cang bé mat [N/m]
g = 9,81 la gia toc trong trworng [m/s?]

P, Py, la khoi lweng riéng cda pha léng va
pha hoi [Kg/m3]
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BACH

= POI LUU KHI NGUNG

La qué trinh trao doi nhiét trong dé ho
ngwng tu lai thanh léng. Thuong gap
gua trinh ngwng trén bé mat vat ran.
Piéu kién dé ngwng:

Nhiét do t,, <t

Cc’)Ncrgtc tam ngwng tu (hat bul, bot khi,
cho 161 16dm cua bé mat)

Ché d6é ngwng: ngwng giot, ngung
mang.
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POI LUU KHI NGUNG

Nguwng giot:

Khéng 6n dinh, xay ra rat ngan,

C6 hé sb trao dbi nhiét I&n (15 - 20 lan so
VoI ngwng mang) Vi hgi duorc tiép xuc trwc
tiep voil bé mat trao doi nhiét.

Ngwng mang:

On dinh,

Hé‘sé trao dbi nhiét nhd, phu thudc vao
chiéu day mang nguwng.



Trwong PHBK Ha ndi - Vién KH&CN Nhiét-Lanh - B mdn Ky thuat nhiét

B/c: Phong 201 nha C7 BDHBK Ha ndi DT: (04) 8.692.333
QUA TRINH NGUNG MANG TREN BE
MAT THANG DUNG

Xét qua trinh ‘toé nhiét khi mang
ngung chay tang: ;
q:_(ts _tw) M/mz] A

5 >:>ax = —

J= ax(ts _tw) M/mz])

Giai phwong trinh chuyén déng
cla mang nwdc ngwng theo

huwon 4);1
s :J v(t, —t,)x [m]
rog

X
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§ ~ < < o~ =
wi,  QUA TRINH NGUNG MANG TREN BE
MAT THANG PUNG

Hé sb toa nhiét trung binh
doc theo 6ng hoac tam dat

X

, , Y t
dirng co chiéu cao h: ! g
h h
adzijade:ijidx t
h? hi s, W
gpr/l"’ 2

a, =0,943 / m2K

; Jv(ts _tw) M ]
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E"_-*" Trwong DHBK Ha ndi - Vién KH&CN Nhiét-Lanh - Bé mon Ky thuat nhiét

ws  QUA TRINH NGUNG MANG TREN BE

MAT NGHIENG VA NAM NGANG

Vé&i 6ng nghiéng mot géc ¢ so Vo
phwong thang dwng:

Oy = Qg 4/COS @

Vé&i 6ng nam ngang:

ang=0,721/ gpr,13 W /m?K |
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CAC YEU TO ANH HUONG DEN DOl
LUU KHI NGUNG

Anh hwéng cua tdéc dd va hwédng chuyén ddng cla hoi
(cong thire chi dung vai trwdng hop hoi khéng chuyén
dong).

Anh hwéng cda cach bo tri ong.

Anh hwéng cla hoi qua nhiét: [am tdng o vi entanpi
cua hoi qua nhiét I&n hon hoi bao hoa kho.

Anh hwéng cia trang thai bé mat: véi bé mat xi xi, o
co thé giam 30% so v&i mat nhan.

Anh hwéng cia khi khéng ngwng: a gidm do khi khéng
ngwng bam vao bé mat vach lam tang nhiét tr& cua
mang nwd'c nguwng.



