_ Chuwong 4
BUC XA NHIET

4.1. Khai niém co ban vé Birc xa nhiét

Biic xa nhiét 1a qua trinh truyén nhiét bang song dién tir giita cac vat thé. Cac thanh phan mang dién
trong cu trac vi md cua vat thé ludn & trang thai chuyén dong tao ra song dién tir, lan truyén trong
khong gian goi 1a birc xa dién tir. Khi dap vao bé mit vat thé khac, mot phan birc xa dién tir bi vat d6
hap thy bién thanh nhiét. Qua trinh truyén ning luong nhiét bang song dién tir d6 goi 14 trao d6i nhiét
birc xa. Moi vat ludn ton tai nhiét do T > 0K, nén ludén phat ra birc xa nhiét va déng thoi cling hép thu
cac tia birc xa nhiét tir cac vat khac chibu tdi, boi vy qua trinh trao d6i nhiét buc xa 1a qua trinh hai
chiéu, nhung ¢ vat c6 nhiét d§ cao nang lugng bi mat di boi blrc xa ra s& 16n hon ning lugng nhan
dugc boi hap thu. Khi cac vat co nhiét do bang nhau, qua trinh trao d6i nhiét birc xa giita chiung van
xay ra nhung & thé can bang dong, tirc 1a & mdi vat phat ning luong b xa ra bang ning luong hap
thu vao nén nang lugng cua vat d6 khong thay ddi.

Céc dai lugng dac trung kha nang tiép nhén tia btrc xa chiéu toi
a Hé sb hép thu, biéu thi ty 1€ nang lugng tia chiéu t6i duoc vat tiép nhan
p Hé so phan xa, bi€u thi ty 1€ nang lugng tia chiéu tdi bi vat phan xa
T HE s xuyén qua, bi€u thi ty 1€ nang lugng tia chi€u toi dugc vat cho di qua
Cac hé¢ s0 trén phy thudc vao budc song, goc chiéu cua tia toi
Noéi chung v6i moi vat luoncdé:a+p+1=1
Vatcoa=1,p=1=0 goila vat den
Vatco p=1,a=1=0 goi la vt trang
Vatco 1=1,a=p=0 goi la vat trong
Vatco1=0 goila vat duc

Vatcoa+p=1 goila vat xdm

€ Do den hay hé‘mg ) phat xa cua vat, biéu thi kha nang birc xa ra cua vat.
Vatdencog,=1,vatxamco € <1.

Nang lugng truyén di bf?lng birc xa tir bé mat vat den tudn theo dinh luét Stefan Bolzoman

_ 4
E,=0c,T @.1)

& day E, la nang suat buc xa cta vat den, (W/m?); o, 14 hing sé Stefan Boltzomann o, = 5,669.10°®
(W/m’K*); T 1a nhiét d6 tuyét ddi (K).

Nang luong birc xa tr bé mit cac vt xam nhoé hon vat den, xac dinh boi
_ 4
E=¢0,T (4.2)

& day E 1a ning suat birc xa cua vat xam, (W/m?); € 1a hing so phat xa ctia vat xam, con goi 1a do den
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a
| . | 7 =Eo=71(T)
Theo dinh luét Kirrchop vai vat xam co E vaa=¢

Nang lugng phat xa thyc té tir bé mat mot vat xam bao g@)m nang lugng ban than cua vat ¢ nhiét do T
va thanh phan phan xa cua tia chiéu t6i :

E, =E+(-a)E, 43)

o day :
E.q 12 ndng luong phat xa thuc té cua vat, goi la nang suat birc xa hiéu dung
_ 4
E 14 nang suat buc xa riéng cla vét, E=g0,I
p lah¢ sé phanxacuavat, p=1-a.
E; la nang suat tia birc xa chiéu toi.

Hai tim phing rong dit song song kha gan nhau c6 nhiét d6 va hé sé hap thu twong ing 12 T,, o, va T,
a, , gitra 1a moi truong trong sudt (t = 0) thi nang suat burc xa hiéu dung cua moi tam la

E +(-a,)E,
Ehdl =
Tém 1: Otl +OCZ —OCIOtz
E,+(1—a,)E,
E,pn=
Tém 2: & o, —aa, (4.4)

Ning lugng birc xa trao doi gitra hai tim la

o.E —a E | (R T\
:E _E = 2771 172 = C . — ==
912 ndt — Fonaz @ ta, —aa, i+L—l 0{(100] (100) ]

L (4.5)

Neéu gilra hai tam trén ddt man chan c6 do den gy, thi nang lugng birc xa trao doi gitra hai tam qua man

la
o= CKT‘T (Tzﬂ
M2 — 0 -
Lo, 2,0 100

Tam tht nhit dugc bao kin hoan toan bai mat thtr hai c6 nhiét d6 T, thi trao ddi nhiét buc xa duge tinh
baoi

O=qa, :gla'Fl(Tl4 _T24) (4.6)

4.2. Birc xa giira cac vat den
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4.2.1. H¢ s0 goc burc xa
Khao sat birc xa gitra hai vat den la hai mat ph:flng co dién tich A, va A, . DPé danh gia su phu thudc
cua trao doi nhiét buc xa vao vi tri khong gian ctiia moi hinh, can phai xac dinh cac dac diém khong
gian do.
Hé sb g6c¢ btrc xa duoc dinh nghia :

F,, =ty l€ ning lugng roi mat 1 téi mat 2

F,, =ty 1€ nang lugng roi mat 2 téi mat 1

F..n =ty 1€ ndng luong ro1 mat m téi mat n

Hé so6 goc buc xa con co cac tén khac 1a yéu to nhin (view factor), hé so cau hinh (configuration
factor)

Nang luong roi mat 1 di dén mat 2 1a

Ey A F), 4.7
Nang lugng rdi mat 2 di dén mat 1 1a

EpALF,, (4.8)
Trong d6 E,,; va E,, la nang suét btrc xa ctia hai mat den.
Do hai mit 1a vat den nén chiing hap thu hét tia chiéu dén, nén nang luong trao doi cta hé thong la:

Q. =E,AF, - ELAF,,
Khi hai vt c6 cung nhiét d¢ thi Q,, =0 va vi T,=T, nén E,;, = E,, nén co:
A F,=AF, (4.9)
Vay néi chung ning lugng trao d6i gitra hai vat la:
Qi =AF, (Eyi- Epn) = AF, (Eyi- Epy) (4.10)

Téng quat tir (4.9) suy ra cho hai mit m va n:

A

_ m

A Fon=AF.., hay: A, (4.11)

bé xac dinh hé so0 géc buc xa, xét cac phan to dién tich dA; va dA, trén mdi mit . Goi ¢, va ¢, la cac
gbc gilta phap tuyén ctia moi mat véi duong r noi hai diém gilra cia hai hinh. Hinh chi€u ctia dA, theo

hudng r la

dA coso, (4.12)
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a. Goc khoi
Goi goc khoi cua dién tich dA, vuéng goc voi rla dQ

r (4.13)
Trong toa do cau dién tich dA, tinh theo r, goc @ va goc y s& 1a :
dA, = rd@.rdy.sing = 1> dpsingpdy (4.14)
(Vi ban cu phia trén : y =0+ 21, ¢ =0 + /2)
Tir trén thdy

dAn :
) =d¢sind.dy

dQ =
(4.15)

Pon vi goc khoi 1a steradian. 1 steradian 1a gbc khoi chan bdi mot hinh vuong cong trén mat cau co

dién tich bang ban kinh ctia nd. Toan mit cau co dién tich 4nr?, nén c6 goc khdi Q = 4nr’/r> = 4n
steradian

dA,

T
Hinh 4.1. Toa do ciu va dién tich dA, Hinh 4.2. Xac dinh vi tri giita hai mat twong ho.
b. Cwong d birc xa goc I, , nang lwgng birc xa theo huwéng

Goi cug‘mg dd buc xa goc 1, 1a nang lugng buc xa phat di trén mot don vi dién tich trong mét don vi
g6c khoi theo hudng nao d6 thi nang lugng phat di ctia phan to dA, theo hudng o, 1a

I I,dA cos, (4.16)

0 =

Ning luong trén di dén phan t6 dién tich dA, chin boi goc khdi dQ,sé 1a

1,dA, cos ¢ dQd = 1I,dA, di;”
r

4.17)
Ttr (4.14) suy ra cong thirc twong tmg véi goc @, ctia phan t dA, roi thay vao (4.17) s& c6
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I,dA cos,dQ = [;dA cos@, sine,de,dy (4.18)
c. Niing lgng birc xa trén toan mit ban ciu

Ning luong buc xa cua phén t6 dA, trén toan mit ban cau 1a E,dA,

2m pn/2
E,dA, =1,dA, = ["[" “sing.cosg.dp.dy =1,dAx (4.19)

trong do

2 pnl2 i28in2¢. . 2¢ °F 1 .
jo jo s1n¢cos¢.d¢.dw=j0 T¢d7¢. ! dwzz(—cosng)\o“,zﬂ:ﬂ

Vay
E,=Im hay I, =Ey/n (4.20)

d. Ning lwgng birc xa giira hai phén t6
Xac dinh ning luong phat ra tir phan t6 dA, chiéu téi phan t6 dA,:
Do dA, chin goc khéi dQ tai r, ciing chinh 1a goc khdi ciia dA, nhin tir mt 1, nén :
dA, = dA,coso, (4.21)

Thay (4.21) vao (4.17) s& c6 ning luong phat di cua phan t6 dA, dén dA, 1a

I,dA cos¢,cosd, d—?
r (4.22)

Thay (4.20) vao (4.22) s€ c6 nang luong phat di tir dA, di toi dA,

dAdA,

2
n.r

dq, , =EDb, cos¢,cosg, @23

Tuong ty ¢6 nang lugng phat di tir dA, di tdi dA,

dA,dA,

T’

dq,, =EDb, cos¢,cos¢, w2

e. Trao ddi ning lwong cia hé thong

Trao dbi nang lugng ctia hé théng gilta hai mat A, va A, 1a
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d4, dA
Q. J.J.(az’q1 ,—dg, )= _”(Eb] cosgl)lcosqb2
A1A42 A1A42
d4, dA
Q.2 = (B = E)] [cosgrcosg, =

A1A42
g. H¢ so goc birc xa

So sanh (4.10) v&i (4.25) s& théy :

dA,dA,
AF,=AF = jjcosd)1 cos ¢, =
A1A42 n.r
Rutra
dA, dA
F,= —I Icosqﬁ, cosq)2
F12 = 1 A1A42

dA,dA

.’

—E,, cos¢,cosd,

J

(4.25)

(4.26)

(4.27)

Vay dé xac dinh hé sb goc birc xa can tinh tich phan trén, nghia la phai biét cac dic diém hinh hoc cua

cac vat nhu khoang cach r, cac goc khoi, dién tich moi hinh ...

Thi du 4.1. Xéc’ dinh hé sb gbc buc xa cta dién tich nhé dA, voi mot dia A, ddi dién & khoang cach R,
hinh 4.3. Phan t0 dién tich dA, trén dia A, 1a hinh vanh khan ban kinh x, rong dx, nén dién tich Ia

dA, = 2nxdx

Do hai mat song song nén ¢, = ¢,. ap dung (4.27) co :

dA, dA

.f Jcos @, cos qSl

dA 1:dAl A2 = dAl ALA2

2 2
do r=(R*x)" va cosp= VR +X" nap

2R*x
(R2 +x2)2

RZ

e

(Rz +
—dA, .

D/2

dx

0
dAle/,xl-Az =dA,

Vay hé s goc btic xa :

0

DZ
— 4R* + D?

FdAl A2

Néu A, 1a bé mit rong vo han thi D — oo . Khi d6
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2

lim———=1
D=>=4R" +D (4.29)

Fiar-a2 = Faararoe =

Vi du 4.2. Hai tim phang den kich thudc 0,5 mx1,0 m dit cach nhau 0,5 m c6 nhiét d6 1000°C va
500°C. Xac dinh burc xa gitra chung?

Giai: .
Str dung d6 thi hinh 4.4(a) co

Y_05_, X _0L0_,,

D 05 . D05 .Trara F,, = 0,285.

T} -T,
Q=AFy(Ey - Ep) =0 Fip( 7! 2)
= (5,669%10%)(0,5)(0,285)(1273*-773%
=18,33 kW
4.2.2. Mot s6 dic diém chung ciia cac hé sé géc bire xa

1. Tir (4.9) :

F,, goi 1a dién tich birc xa twong duong ctia hai mat twong ho.

Vay dién tich birc xa twong duong cia hai mat twong hd bang nhau.

2. Tt trén co:
F A A A
Fn:j F12:72F21 F21:A—1Flz
21 I va 1 hay 2 (4.31)

Vay hé sb gbc buc xa cua hai mat tuong hd ty 1€ nghich véi dién tich ctia chung va trong 2 mat chi can
tim m&t hé so goc .
3. Néu dién tich vat 2 1a v6 cung lon: A, — o thi

A
Fy = _]Flz =0
4, (4.32)
nhu (3.7) trong vi duy trén
A
k= Alzim —+F, =1
> 4 (4.33)

Vay hé s6 goc birc xa cia mat dién tich hiru han ddi voi mat vo ciing 16n ludn bang 1.

4. Hé s0 goc bure xa cua mot vat doi véi moi truong:
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Khi mét vét c6 méi truong vo cung 16n bao quanh, tinh trang gidng nhu truong hop trén, toan bd ning
lugng phat ra tir vat s€ dugce mdi trudng nhan hét.
Goi:
Q, =AE, 1a toan bd nang luong phat ra tir vat 1
Qi = A E, F}, 1a nang lugng vat (1) dugc moi trudng (2) nhan.
Thi :
Q,=Q), tic AJE,==AE,F,.SuyraF,,=1 (4.34)
Vay hé s6 goc birc xa cua mot vat dbi véi moi truong ludn bang 1.
5. Hé s6 gbc buc xa cua mot mat phéng 7h0€10 mat cong léi dbi voi chinh n6 i
Gié st vat 1 co dién tich A, 1a mat phang hoac cong 161 dat trong méi trudng cd thé nhan duwoc mot
phéan burc xa cua chinh no6 phat ra.
Qi =AE =AE F,+AE F; (4.35)
Q,=AE 1a toan bd nang lugng phat ra tir A,
AE, F); la phén nang lugng vat 1 phat ra chiéu 1én chinh n6
AE, F, 1a phan nang luong vat 1 phat ra moi trudng.

Do Fy, =1 nén A\E,=AE F,,suy ra AE F,=0tacla fu = 0. .
Vay hé s6 goc birc xa cud mot mat phang hodc mat cong 16i d6i vdi chinh n6 bang 0.

6. HE s6 goc buc xa cua mot mat kin .
Khi vat 1a mot mat cong kin, toan bg nang lugng btic xa ra cta vt s€ chiéu cho chinh né:

Q,=AEF,=AE, nénF, =1 (4.36)
Vay hé s6 goc birc xa cua mot mat kin dbi voi chinh n6 bang 1.
7. Hé sb goc birc xa ciia miat 1dm ddi voi chinh né ‘ ‘
Khi vat 1a mot mat 1€3m tl'l'C, la mdt cong hé A, nang luong birc xa cta vat gom mét phan bic xa ra moi
truong A, va mot phan chi€u cho chinh vat A:
Q,=EA =EAF,+EAF, (4.37)
E,A F, 1a ning luong chiéu ra méi truong, E A F,, 1a nang lugng chiéu cho chinh vat.
EAF,=EA-EAF,
Chia ca hai vé cho E,A, s& duoc:
F,=1-F, (4.38)
Viay hé ) gbc buc xa ciia mat [om ddi voi chinh n6 ludn khac khong va nhé hon 1.

8. Néu hé théng c6 n mat tao thanh h¢ kin, thi ndng lugng cilia mot mat buc xa ra béng téng nang lugng
birc xa tir mat d6 chicu tdi tat ca cac mat trong hé

ZEI AlFli
Q =EA =EAF,,+EAF ;+.  +EAF,= .
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Suy ra:

i=1 =1
Vay :

ZAIEi =4,

Vé i=l1

(4.39)

- Tong hé so goc burc xa cia mot mat doi vai cac mat khac bang 1.
- Tong céc dién tich buc xa twong duwong cua mot mat voi cac mat khac bang chinh dién tich mat do.

4.2.3. Xac dinh hé s6 géc birc xa trong mot so truwong hop

a. Cong thirc tinh hé so goc birc xa giira cac mit cé d§ dai rat lon.

Béng 4.1
Cau hinh Céng thuc tinh
1. p—w —f —
1 Lo fhy _(h
| Il R =Ra =1+ () - (3)
¥
. w /\ 1
¢ o Fio=Fp1 =1 — sin(et/2)
3 rlz 1 no B2
L 1 F1_2—§|:1+u—,\|f1+(u—,):|
e w —l

Fio = (A + 4> — Az) /24,

T
%‘9

Let X =1+ s/Id. Then:

L, ol
FI,E:FZ,I:—[v'X271+sm lffx}
™ X

~

Fi2 = Foop = L and
Fz
Fop=1—-Fo = _
T2
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I's

b. Cong thirc tinh hé so goc birc xa giira cac mit co kich thwéce hiru han.

Biang 4.2

C4u hinh Cényg thuc tinh

L 477 Let X =a/c and Y = b/c. Then:
C
Cenier L w2y Lz
P—— ‘ fo_ 2 [ [a+xha+y?)
| ' P2 XY 1+X2+ 1?2

1 »
ﬂ CXtan 'YX - Ytan-' ¥

— — Y
+XV1+¥Y2tan! —/—— + YVl + X2tan ! ——
J1+7Y2 V1 + X2
% _ F 7 = - A
. 1 =90 Let H = h/f and W = w/£. Then:
h ,/ | ) ; 1 - »
_ WV tan—l — _ JH2 - w2 -1 2 w2 -
t J = TW{LW tan~! - — VAT + W2 tan (12 + W?)
< w I 1lnr (1+ W2)(1 + H?)
+ — + — =%
H 4 { 1+ W2+ H2

W2(1 + W2 + H2) W H2(1 + H? + W2) H? ‘IlL ]}
{1+ W2) (W2 + H?) (1+H*(H? + W?) )]

Let Ry =71 /h, R2 = r2/h, and X =1+ (1+R?) /R}. Then:

1 e T
Fiz= 3 [X* X2 —4(Ry /RL)Z]

Concentric spheres:

Fop=1, Fa1 = (n1/r2)?, Fop=1-(11/r2)?
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C. Do thij dé tra hé sb goc birc xa
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Hinh 4.4(a). Hai hinh chir nhat dat song song
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Hinh 4.4(c). Hai hinh ch@t nhat dat vuéng goc nhau
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Hé s6 goc buc xa cua 6ng ngoai He s6 goc burc xa cua 6ng ngoai
d6i voi 6ng trong doi véi chinh no6

Hinh 4.4(c). Hai 6ng tru 16ng nhau dong truc
4.3. Trao d6i nhiét birc xa giira cac vat xam

4.3.1. Trang thai bé mit vt thue

Cac vat thuc khong phan xa khuéch tan hoan toan nén birc xa tir mat vat thuc khong déng déu nhau
theo cac hudng. Pudng cong biéu thi dic tinh birc xa cua cac vat khac nhau chia 1am hai loai 1a vat
dan dién va vat khong dan dién. Vat dan dién phat xa nang luong nhiéu hon theo hudng co goc
phuong vi lon. PBac tinh nay co thé dugc gidi thich bang 1y thuyét song dién tir. Khi hai qua cau duoc
nung dén nhiét do noéng sang, qua cau dan dién s& xuét hién vanh sang xung quanh do nhiéu ning
luong dugc phat di 6 goc ¢ 1on. Qua ciu ciu tao boi vat liéu khong dan dién s& co dic diém nguoc lai
1a xuat hién vét sang ¢ gitta va t6i & xung quanh.

Phan xa va hﬁp thu ctia cac bé mat vat thuc 1a ham sé cua 9
khong chi ban than vat ma con phu thudc vao moéi trudong

xung quanh. Céac dic tinh nay phu thudc vao huéng va chiéu

dai budc séng cia tia t6i. Phan bd cudong do buc xa goc cua

tia tGi 12 ham rat phuec tap cua nhiét do va cac dac tinh bé mat @
clia tat ca cac vat lién quan xung quanh.

¢
Goi niang lugng buc xa tdi trén mot don vi dién tich bé mit,
trong mot don vi thoi gian, trén mot don vi chiéu dai song la Q >
G,  thi hé s6 hép thu tong s& bang ty s6 nang lugng hap thu =
tong voi nang lugng tong di toi trén bé mit. o

Hinh 4.5
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H1~nh 4.7. Hé sb birc xa pﬁa cac yat khéngAdén d‘ién R
a) Nudc da. b) Go. ¢) Thuy tinh. d) Giady. e) Pat sét. f) Oxit dong. g) Oxit nhdm

o J.:alGld/I

[ G,dx
b (4.40)

Néu gia sir vat xam c6 &, = € = const thi dinh luat Kirchoff c¢6 thé ap dung don gian nhu da viét ddi véi
buc xa don sac la

&=y (4.41)

Béi vay dbi vat xam cé a, = const, thi hé sb hép thu téng o cling 1a const va doc 1ap voi phan bd chiéu
dai song cua tia tdi. Hon nita hé¢ s6 birc xa va hép thu la khong dbi trén moi chidu dai song dbi voi vat
xam, ching cling budc phai doc 1ap voi nhiét 6. Nhung thuc té cac vat thuc trong tu nhié€n khong phai
ludn ludn 14 xa4m nén phan tich trao doi nhiét btrc xa giita chung rat phirc tap. Dé giam b6t su phire tap
cac bai toan thuc té can c6 nhitng hé s6 hiéu chinh bai nhitng ti€u chuén thuc té du hiéu luc.

4.3.2. Cac dai lwgng dac trung
a. Cac hé sb dic trung tinh chit cia vat doi véi tia birc xa

o hé sb hap thu (absorptivity)

p hé s6 phan xa (reflectivity)
© hé s6 xuyén qua (transmitssivity)
¢ hé sb phat xa (emissivity) con goi la d§ den ctia vat xam, ty 1€ phat xa so voi vat den.
e=E/E,,e=a
G nang suét tia toi (irradiation), téng céc bure xa chiéu t6i bé mit trén 1 don vi dién tich, trong 1 don
vi thoi gian
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b. Niing suit birc xa hi¢u dung J

Ning suat birc xa hiéu dung J 14 tong ning lwong phat di tir bé mat trén 1 don vi dién tich, trong 1 don
vi thoi gian, gom néng suat birc xa riéng E va thanh phan phan xa tia tdi pG.

E néng suat blrc xa riéng cla vat xam

G J=€E,+pG
E=¢E, (4.42) ?\th ,?r'/'
I

1 < J4 ’ , A !
Trong do 1a E, nang suat buc xa cua vat den l____{_‘;A_:_j___G_ _____ [
Néng suét phan xa tia toi cia vt xam ~ pG  (4.43) @
Nang suat buc xa hiéu dung
PR E, J
J=¢E, +pG (4.44) I-¢
£A
Véivatduc 1=0,p=1-¢ (b)
Hinh 4.8
J=eE,+(1-¢)G (4.45)
Tur (4.45) suy ra
G J—¢k,
l-¢ (4.46)

c¢. Birc xa hi¢u qua

Goi mat do dong burc xa hiéu qua cua vat xam la nang luong thuc sy phat di tur bé mit cua vat béng
hi¢u ctia nang luong hi¢u dung J trir nang lwong chicu téi G:

q=17J-G (4.47)
Thay cac dai lugng 6 trén vao:

q =eE,+(1-¢)G-G

J—¢F
q=¢(E, ——)
1-¢
_E -J
1=7=¢
e (4.48)

Vay btrc xa nhiét hiéu qua phat di tir vat c6 dién tich A la:
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1

eA
Cong thtc (4.49) tuong ty nhu cong thire tinh dong dién I =

phan tr mang hinh 4.9.

(E,- T) goi 1a hiéu thé birc xa tai bé mat
l-¢

€A goi la nhiét tr¢ buc xa tai bé mit vat, ky hiéu la R,
4.3.3. Trao doi nhi€t birc xa giitra cac mat xam

1. Bire xa giira hai mat

(4.49)

U 1_U2
R boi vy c6 thé biéu thi bing

Xét hai mat xam trong khong gian c6 dién tich A; va A, . Goi J; va J, 1a nang suét buc xa hiéu dung
phat di tir moi mat. Birc xa phat di tir mat thir nhat dén mat tha 2 phy thude vao hé s6 goc buc xa giita

chung.
Luong btrc xa phat di tir mat 1 di dén mat 2 1a
JAF, (4.50)
Luong btrc xa phat di tir mat 2 di dén mat 1 1a
LALFE,, 4.51)
Trao dbi nhiét birc xa gitia hai mat 1a
Q,=JAF; - LAF,, (4.52)

Vi  AF,=AF,

Q= - I)AF, = (J;- L)AF,,

hay

J —-J
QI—2 = ] 1 2

AIEZ

Tuong ty trén, hinh 4.9, goi

279

\

/// \\
i / Qi =JiA\Fia=JadsFy
- \
d \
\

\
\\ //’
\
\ -7
\ -7
\ 7
\ //
N %
v
(a)
Q; A I

Ay
(b)

Hinh 4.9 Btic xa gilta hai mat

(4.53)

(4.54)



J, - I, 1a hiéu thé truyén btrc xa khong gian giita hai mat

1

AR, la nhiét tré buc xa khong gian giira hai mat , ky hiéu R,

Tré lai lwong nhiét hiéu qua tai bé mat ctia mdi mat theo (4.49):

0 :Ebl_‘]l 0 _E,-J, 0 :7J2_Eb2
N T 1—g, 2 1-g,
Mat A, ¢co &4, ;mat A, co &4, hay &4
Do 6n dinh nén cac dong nhiét trén budc phai bang nhau nén
0., = Ebl _Ebz
2 1-g, 1 l1-¢,
+ + 2
g4, AF, &4, (4.55)
Theo ky hi€u quy udc & trén:
E. -FE Ey, - o J2 Ep,
bl b2
O, = O—AMN—O—AANN—O—AA—0
R, +R,+R,, (4.56) 1-¢ 1 t-g
&4, AyFy, 64,
Hinh 4.10 . Cac nhiét trd birc xa gitra hai mat
l-¢ l-¢ |
R, = : R,, = ? Ry, =—H
Trong d6 €4, : €,4, : 4,5,

Nhu vay cac nhiét tro buc xa bé mat phu thugc vao d6 den va dién tich bé mit do, nhiét trd birc xa
khong gian phu thudc vao hé sd goc buc xa gilta cac mat.

2. Hé thong birc xa ¢6 3 mit

ba mit xam co6 dién tich va hé so blic xa tuong ing 1a A, A,, A; va g, &,, €.
Tuong tu trén s€ cd cac nhiét trd birc xa bé mat

280



E, J Iy E
l-¢ l-¢ -& b ! 2 by
le = l Rm2 = 2 Rm3 = 2 Y'Y
&4, &,4, &34, I-g . 1-&
’ ? slAl A]Fl‘) €3A7
Nhiét trd biic xa khong gian giita cac mat A F / AsFas
1 1 1 I3
R,=— R13:— Ry =——+
AF, . A F; A, F, 1=
b 9 €3A3
Dong nhiét trao doi gitta mat 1 va mat 2 1a CI) Eps
Hinh 4.11
0, - J, —J, _ J, -J,
1 Rlz
A F, (4.57)
Dong nhiét trao doi gitta mat 1 vamat 3 la
Q13 _ Jl _J3 _ Jl _J3
1 R;
A Fs (4.58)
Dong nhiét trao ddi giltta mat 2 va mat 3 la
J,—-J, J,-J
Q23 — 2 1 3 — 2R 3
s 23
A Fr (4.59)
Dong nhiét hi€u qua tai mat 1 1a
Q — Ebl _J] — Ebl _J]
] 1_ 81 le
&4, (4.60)
Dong nhiét hiéu qua tai mat 2 1a
Q _ Eb2 _Jz _ Ebz _Jz
> l-g, R,,
£,4, (4.61)

Dong nhiét hi¢u qua tai mat 3 1a
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_ Eb3 _J3 _ Eb3 _J3
Q3_ 1_83 - R

€54,

m3

(4.62)

Trong d6 J,, 1, J; 1a dai lugng phai tim, do 6n dinh J,, J,, J; khong doi . Tai céc niit tong cac dong nhiét
bang khong nén c6 :

EbI_Jl +J2_J1 +J3_J1 _

0
Nﬁt Jl: le RZI R31
Eb2 _Jz +J1 _Jz +J3 _Jz =0
Nut J,: R, R, Ry (4.63)
Eb3_J3+J1_J3+J2_J3:0
Nat J;: R, R; Ry
Tir trén dan dén hé phuong trinh sau:
1 1 1 1 1 E
le R21 R3l R21 R21 le
1 1 1 E
(ol (e
Rl2 RmZ R12 R32 R32 RmZ
E
. LJJI _[L},z +[L+L+L},F Ey
R, R,, R, R; Ry R,;
Hé trén dua vé dang ma trdn
[L+L+L] o v E,
R, Ry Ry Ry R;, J, R,
E
L (L+L+LJ O S Y 7
Ry, R, R, Ry R;, J R,
1 1 ( 1 11 S By
- - — R
Ry Ry, R, Ry Ry m3 (4.64)

C6 thé giai bang phuong phap ma tran nghich dao.

3. Cac bé mit cach nhiét va bé mit c6 dién tich 16m
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l1-¢

Nhiét tr& blirc xa bé mit 1a éA , néu bé mat duge cach nhiét hoan toan hodc phan xa lai toan bo
ning luong chiéu t6i, thi dong nhiét qua bé mit bang khong va dan dén E, = J. Nhung nhiét trd cach
nhiét khong c6 gia tri 0. Két qua niit J cia mang thay doi, nghia 1a khong c6 dong nhiét qua, vé phai co
dién tich 16n s& 1am nhiét tro tién t6i 0. D6 1a trang thai bé mat nhu vat den c6 € = 1, nhiét tro s& bang
khong.

Khao sat hé théng hai mat trao d6i nhiét vi mit thir ba duge cach nhiét hoan toan. Mt thir ba khong
c6 tac dong tdi qua trinh trao doi nhiét vi nd hap thu va phan xa tré lai nang lugng tir hai mat kia chicu
1-¢

toi. Tuy nhiét tro bé mit €A t4n tai, nhung do khong c6 dong nhiét qua nén Ey; = J;.

Do mat 3 bao quanh hai mat 1 va 2 nén cac hé ) goc - 1-¢€,

burc xa cua hai mat doi véi mét 3 la £y A ) Jo £,A,  Ep,
Fi;=1-F,
Fy;=-F, (4.65)

Trong hé thong, mat 1 va 2 1a 10i nén ching khong thé
nhin thay chinh chiing dugc nén F;; =F,, = 0.

Hinh 4.12
Thi du 4.3. Gilfxa hai tAm phéng c6 cung dién tich A, = A, = 0,5 m x 1m = 0,5 m?, nhiét do va do den
twong tmg hai tam 13 1000°C va 500°C, &, = 0,2 va &, = 0,5 dat cich nhau trong phong rong co6 nhiét
d6 27°C. Xac dinh dong nhiét trao doi ciia moi tam.

BO tri hai tAm va so do dién tvong dwong duoc biéu thi trén hinh 4.13

Giai:
+ Xac dinh hé so goc buc xa gilra cac tam:

- Gitta tAm 1 va 2, tra trén hinh 4.3(a) v6i
X f— 0’5 —_— 1 { — 01,0 — 2)0 oy 5 z
D 0,5 . D 0,5 —F,,=0,285=F,, t, = 500°C

2

- Giita tim 1 va phong F;:

Phong c6 dién tich A; coi l1a v6 cung 16n, nén
F;=1-F,=1-0,285=0,715

- Giira tm 2 va phong ciing nhu trén: Fy; = 0,715

+ Tinh c4c nhiét tré birc xa bé mit: By=0Ty'=1; -
l-g  1-02
Tim 1 &4 (0.2)(0.5) Hinh 4.13. So dd trao déi nhiét
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1-e, 1-05
" g4, (0,5)0,5)

- TAm 2:

- Phong 1a méi truong bao quanh 2 tdm c6 dién tich vo cung 16n oo, nén nhiét trd bé mat bé“lng 0.
1-¢

Rm3 = 2 = 0
&4,

. Bai Véy Eb3 = GT4 = J3

+ Tinh céc nhiét tré bic xa khong gian:
1 1 1

- Gita thm 1 v6i 2 va gitta thm 2 v6i 1: R, = Al =r, = 4fa —(0,5)(0,285) _ 745

1 1

- Gitta thm 1 v6i phong v gia tim 2 voi phong: R,y = “1f1s = (0)(0.715) _ 5 797_ g,
+ Lap h¢ phuong trinh thé bure xa J ( birc xa hi€u dung) tai cac nut:

E,-J, J2—-J Ey-—J (l+ 1 +ij1 1 E, Ey
el 8 o+ 702 . 28 _o  \8 7,02 28)" 7027°_ g , 28
Jl_"]z Eb2_‘]2 Eb3_J2 _ 1 (l+—l +Lj]2 Ebz i
Nat2: 02 4 8 o 28—, 7,02 1 L\8 702 28)°_ g 28
E, = oT,* = (5,67x10%)(1273%) = 148,87 kW/m’
E, = oT,* = (5,67x10%)(773%) = 20,241 kW/m>
E,; = 0T = (5,67x10%)(300%) = 0,4592 kW/m>
Thay vao giai ra
J,=33,469 kW/m? , I, = 15,054 kW/m?
By =J\ _ 14887-33,469
Dong nhiét tir tim 1 mét di: Q= K 8 — 14,425 kKW
Eyp—J5 _ 20,241-15,054
Dong nhiét tir thm 2 mét iz Q,=  1n2 2 = 2,549 kW
Dong nhiét phong nhan tir hai tam:
Ji=Js =i 33,469-04592 15,054 -0,4592
Q- R Ryy 28 + 28 — 17,020 kW

4. Birc xa giira hai mat song song nhau rgng vo han
a. Hai mit phing rong vé han
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Khi hai mat 1a rong v6 han thi A, = A, va F,, =1. Thay vao (4.55) duoc dong nhiét trao ddi gitra hai
tam

Ebl _Eb2 A(Em _Eb2)
1—81+ 1 +1—82 i+i_1
Q= 4, AF, &4, _ & &g, (4.65)
Mat do dong nhiét
G(T14_Tz4)
Qlfz i_i_L_l
.= 4 =& & W/ (4.66)

b. Hai vach tru 16ng nhau ddng truc dai vé han

Do vach bén trong (1) dugc boc kin boi vach ngoai (2) nén bure xa cua vach trong s& duoc vach ngoai
nhan hét, boi vy F,, = 1. Thay vao (4.55) s€& dugc

E, —E, O-'Al(Tl4 _T24)
1- 1- A
I S k- S L I
Qp= ed,  AF, &d, _ & 4, & , (4.67)

voi A,/A, =r1,/1,. 1, , 1, 1a ban kinh hai vach tru

Hai vach cau 16ng nhau ciing ding cong thirc (4.67) voi A /A, = (1,/1,)?

4.4. Bitc xa trong mdi truwong cé hap thu va xuyén qua

4.4.1. Thanh phin birc xa xuyén qua mdi trueong

Khao sat hai mit c6 méi truong hap thu va xuyén qua ¢ giira, hinh 4.14. Trong thuc té, moi truong co
th¢ 1a chat khi, thuy tinh hodc chat déo.
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Gia thiét moi truong khong cé phan xa, nén theo dinh luat Kirchhop : H I 4 §
Oy T T = &y + Ty =1 (4.68) - B "
Nang lugng tir mat 1 di qua méi truong dén mat 2 la: o L) ;
£ [ o
‘; | 1 43
JAF T, (4.69) & i s %«
: Lo :
Ning luong tir mat 2 di qua mdi truong dén mat 1 1a: : " 2
LA, (4.70) Hinh 4.14
Trao dbi ciia hé thong trong qua trinh truyén xuyén qua méi trudng Iy . 2
1
AF(-£,)
Hinh 4.15
Qi xuyén AFt,(J - T) = AF(1-e,) (3, J,)
J, -J
QI—Z.xuyen = 1 1 2
A4 F,(1-¢,) 4.71)
Cong thirc trén dugc biéu thi bang phan tir mang hinh 4.15
4.4.2. Thanh phan trao ddi giira bé mit 1 va méi truong.
Moi truong khong phan xa, nang luwong cua moi truong birc xa ra la
Jo = €nEpm (4.72)
Xét tai mat 1, nang lugng ciia moi truong di toi mat 1 1a
Am le Jm = Am le SmEbm (473)

Nang lugng tor mat 1 di téi moi truong 1a

JAF 0 = A F 1€
Cha y rang sy hap thy trong méi truong nghia 1a birc xa chiéu t6i da vao méi truong. Tuong Gng véi
cac quan h¢ trén, nang luwgng trao do6i cua hé thong gitra mdi truong va mat 1 1a chénh 1éch gitra tong
nang lugng phat ra bdi moi truong toi mét 1 va va lugng hap thu phat ra tir mat 1

Qm»lnet = Am le SmEbm - JlAlFlmgm

Cha ¥ t6i A, F,y = A,F,, thi

286



E —J
Qm-lnet = Qm—nel =—tm_—1 Epn Jy
1 LYYV VORI
1
AlEmgm (474) AIFlmgm
Hinh 4.16

Qua trinh truyén nhiét trén duoc biéu thi bang phan tir mang hinh 4.16

4.4.3. Trao d6i nhiét ciia hé thong

Qua trinh trao ddi nhiét cua hé thdng biéu thi bang so
do mang tong the trén hinh 4.17.

Néu nhiét méi truong git 6n dinh thi E,,, dugc xac
dinh theo E,, = oT*

Tuy nhién, do ning lugng dugc phan chia trong mdi
truong nén Ey,, tro thanh diém tha ndi, va thé cua nd AFimEm \/ AoFomEm
duoc xac dinh theo cac phén tlr clla mang.

Ebm

Hinh 4.17

Trong cac bai toan thyuc té cac mat xam trao ddi nhiét qua chét khi co hap thu, khé khan 1a xac dinh hé
sO xuyén qua va h¢ sé hap thy ciia chat khi. Cac dai lugng nay khong chi phu thuge vao ban chat cua
khi ma con phu thudc vao bé day ctia 16p khi. Birc xa qua 16p khi mong nhiéu hon 16p khi day.

Thi du 4.4. Hai tim phang rong c6 nhiét d6 va do den twong tmg 1a T, = 800 K; ¢, = 0,3; T, =400 K;
=0,7. Gitra chung la khi xdm c6 ¢, = 0,2 ; 1, = 0,8. Xac dinh mét d6 dong nhiét truyén giita hai tim,
buc xa clia mdi tim va nhiét do cua kh1

Giai:
So dd mang thé hién trén hinh 4.17. Coi dién tich cac tim A=A, = 1 m’.
Nhiét tr¢ blirc xa bé méat 1 va 2:
- 1-03 l-¢ 1-0,7
R, == L=— 22 -27333 R, = 2—-— 2 =0,4286
£ 0,3 SR = £, 0,7
) m2

Nhiét tro khong gian giita hai bé mat 1 va 2:

R _ 1 1
Y OF,(-g,) 11-0.2)

— 4

Nhiét tré khong gian giita trng mat voi moi truong khi

1 1 1
R =R -
LI 2" ¢ 0,2

1g%g 2g%g

=50
Nhiét tr¢ khong gian twong duong cua Ry, va R, , R,
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1 1 1

+7
Do : [Ryo// (Riy + Ry,)] nén R, R, R,+R,, R
1 1
Ru=7 = ——=L1111

+ +
R, R,+R, 125 50+50

Nhiét tré téng gitra hai mit:
Ry =R, + R4+ R, =2,333 + 1,1111 + 0,4286 = 3,8726
Thé btrc xa tai moi mat:

E,, =oT' =(5,67.10%).(800)" =23.220 W/m’
E,, =0T, =(5,67.10%) (400*)=1451 W/m®

Dong birc xa tong giita hai mat:

g, = Fo =By (2320-U4S1_ ) oo s
>R, 3.8726

Dong buc xa gilra hai mat khi khong c6 khi ¢ gitra:

0= f,ﬂ—E,,z _23220-1451_ o o v

Thé birc xa hi€u dung ciia moi mét J; va J, (tirc dong birc xa hiéu dung ctia moi tam)
Trén mdi nhiét tré bé mat R,,, va R,, déu co dong buc xa hiéu dung bang dong birc xa tong:

Ey —J :JI_EbZ

=5621,28.W/m>  q,, =5621,28 W /m’

ml . m2

Clml =
suyra:

J, =By — 5621,28%R,,; = 23220- 5621,28 x 2,333 = 10105,55 W/m?
J;=Ey, +5621,28%R,,, = 1451 + 5621,28 x 0,4286 = 3860,28 W/m*

Do nhiét tré khong gian giita mdi mat véi khi bang nhau R,,= Ry, nén thé btic xa cua khi phai bang
trung binh cong cua the buc xa hiéu dung moi mat:

_J,+J, 10105,55+3860,28

" =6982,15 W/m’
2 2
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1/4
Nhiét d¢ ciia khi: Ey, = 6T, — Vo \567.10

4.4.4. M6i trwong hap thu va xuyén qua cé nhiéu lép

Khi ¢ trén 2 bé mit tham gia trao d6i nhiét, thi trao doi nhiét buc xa giita ching s& xuyén qua moi
truong. Két qua 1a hé sé xuyén qua gitra cic bé mit co thé khac di, phu thudc vao su dinh huéng hinh
hoc cua ching. Do vay nhiét d6 cua khi s& thay déi, tinh chit xuyén qua va birc xa cta chat khi ciing
thay doi theo khu vuc khac nhau trong khi. Mot cach biéu thi tinh trang nay 1a chia khéi khi thanh cac
16p va thiét 1ap mang birc xa tuong tmg va cho thé ctia cic niit d6 thay d6i dan dé dat toi phan bd nhiét
do6 trong chat khi. Khi d6 budc phai dung phuong phép tinh lip vi tinh chét birc xa ciia khi 1a ham cua
cac thé buic xa thay d6i chua biét. Néu nhiét do khi ma dong nhat thi cach giai qua d& dang.

Khao sat hé théng gém 2 tAm birc xa qua mdi trudng 2 16p m va n ¢ tinh hap thu va xuyén qua nhu
trén hinh 4.18.

Ning luong trao doi gitta mat 1 va 1op m cia moi truong 1a
Jl _ Em
1

AlEn18111 (475)

Ql-m :AIF 3 JI _A F lgmebm =

Im®m m-m

Ning lugng trao doi gitra mat 2 va 16p n cia moi trudng 1a

i P
Qo =AE&,J, -AF&E, = @ : % ]: %
S E— A A
A4k, (4.76) E % E 'E
Qo = A e, —AF6,E, = @ : Elmi i ng
AFz,
Ning lugng tir mat 1 dén mit 2 1a Hinh 4.18
Qu,=AF,)t,t, = AFJ(1-e,)(1-¢,) 4.77)
Nang lugng tir mat 2 dénmat 1 1a
Q.. = A, ot T, = ALF, 1 (1-8)(1-€) (4.78)

Ning lugng tir mat 1 dén mit 2 qua mdi truong xuyén qua la

Qi2xuyenqua = Q2 - Qo = AF (- 1) (1-e,)(1-8,)
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— Ji = J,

Ql-2xuyén qua 1

AIEZ(l - gm)(l - gn)

Cong thirc trén dugc biéu thi boi phan tir mang hinh 4.19.

Ning lwong tir mét 1 bt xa di bi hip thu tai 16p n 1a

Ql—n = AlFanltmgn = AlFanI (1_ Sm) & (469)

Ning luong 16p n qua lop m dén mit 1 1a

Qui = AsFuliTn = AFuJa(1- €,)

Do J,= ¢,E,, nén trao ddi buc xa giltamat 1 valopnla
Qinnet = Qun = Qut = AF 1 (1- &) €, (J1- Eyn)

J —-FE
Ql—n.nel: ! 1 o

A]En(l - 8m )gn

Cong thirc trén dugce biéu thi boi phan tir mang hinh 4.20 (trén)

Tuong ty nhu vy, trao ddi nhiét gitra tim 2 voi 16p m sé 1a

Q2-m. net Ql-m - Qm-l = A2F2m (1_ 8n) €m (JZ_ Ebm)

']2 B Ehm
1
QZ—m, net — A2F2m (1 B 8” )gm (478)

Ning luong roi 16p m bi hip thy trén 16p n 1a
Quun = JnAnF im0y = ApF ooy €08 Eom
Ning luong roi 16p n bi hap thy trén 16p m 1a
Qo= LiAsF 0 = AnF o €:8mEbn
Ning luong trao doi giita hai I6p m van 1a

Qm»n net Qm—n - Qn—m = Aman Smsn(Ebm - Ebn)
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(4.79)
7, J
O——MA—0

AlFl‘_’(l =" 8,,,)(1 - 8”)

Hinh 4.19

(4.80)

(4.81)

‘AMFM n emen

Hinh 4.20

(4.83)

(4.84)



E —-FE
Qm-n net = %

A, F,,£,8, (4.85)

Ning luong trén duogc biéu thi boi phan tir mang trén hinh 4.20

Cudi cung toan by mang thé hién qua trinh trao ddi nhiét birc xa cta hé théng duoc thé hién trén hinh
421

1
J, AF o1 = g1 =€) A E,
—AVVV
1-g 1
€A, AF (1= €6y

1
AF1(1 - €n)€, j

AlFlm Em

Amanemsn

Hinh 4.21.

4.5. Trao do6i nhiét birc xa ciia cac mit phin xa gwong

4.5.1. Birc xa tai bé mit phan xa guwong
Cac vat thuc té khong hoan toan phan xa khuéch tan ma c6 thé mot phan phan xa guong. Phan xa
guong dugc ung dung rat nhi€u trong cac bd thu nang lwong buc xa mat trdi, boi vay no co y nghia ky
thudt 16n. Khi ¢6 phan xa guong, hé sO phan xa p gom hai thanh phan la phan xa khuéch tan pp, va
phén xa guong ps:

P=pPpt Ps (4.86)
Tir dinh luat Kiée sép: e=oa=1-p
& hé s6 buc xa cling 1a d6 den, a 1a hé ) hép thy, p 1a h¢ ) phan xa,
Luong nhiét bé mat mét di 1a hiéu cua nang lugng phat ra va nang lugng hép thu

Q=AC(eE, - 0G) (4.87)

Goi mét d6 dong khuéch tan J, 14 ning luong birc xa khuéch tan roi bé mit trén mot don vi dién tich
trong mot don vi thoi gian.

291



Ip =¢€Ey + ppG (4.88)
Giai G tur (b) thay vao (a) duogc
&A
0=——[E,(e+py)~J,]

Po : (4.89)
Do e=a=1-pp-ps,nén(e+pp)=(l-ps) nén

E(1-pg)—J
Q: b S D
Pp
eA
Vay
Eb—IJD
— Ps
Q:
Pp
b .
l—p SN A 1 1A £, I-p,
S goi la thé buc xa guong tai bé mat g—> O————AAA~——0
Pp
Pp €A(1-p,)

eA(1=ps) goi 12 nhiét tré burc xa guong tai bé mit R
Hinh 4.22. Phén tir mang c¢6 phan xa guong

Cong thirc (4.90) dugc biéu thi boi phan tir mang hinh 4.22. Cé thé thdy néu vat chi phan xa khuéch
tan khong c6 phan xa guong pg=0; thi p=pp=1-¢,va (4.90) tro vé (4.49)

Q:Eb—J:Eb—J
Jo, l-¢

ed &4 (4.91)

4.5.2. Birc xa giira 2 bé mit c6 phan xa guwong
1

Khao sat trao d6i nhiét buc xa giita hai mit c6 phan xa guong 1 va
2 dat vudng goc nhau, hinh 4.23.

) ’ Hinh 4.23. Hai mat guong
Nang lugng birc xa khuéch tan tir mét 1 dén mat 2 bi phan xa guong khong quay vé mat 1 1a

Q12 = JipAF15(1- pas) (4.92)

Ning luong birc xa khuéch tan tir mat 2 dén mat 1 bi phan xa gwong khong quay vé mat 2
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Qo1 = LpAsFy (1- pis) (4.93)

(1-ps) dac trung cho phan hap thy trir di phin phan xa guong khuéch tan di cia mdi mat. bay 1a thanh
phan quan trong nhét vi trugc day chi khao sat nhimg thanh phan trao ddi khuéch tan truc tiép da budc
phai bo qua phan nay. Bay gio khao sat thanh phan phan xa guong ching phai c6 mit.

Su trao d6i ciia hé théng bang hiéu s gitra (4.92) va (4.93)
Q2= Q-2 - Qo = JipAF (1 pas) - JapAsFy(1- pis) (4.94)

0, = Jp(I=py ) =T, (1= py)
12 1

A Fy, (4.95)

bé dua ve theé buc xa c6 phan xa guong tai moi mat can bién doi nhu sau

|:J1r)(1_pzy)_l]zr)(l_pl.s):'(l_p Y1-p.)

(d-p)d-p,)
Q.= : . 1
, Ak, (4.96)
Cudi cung co:
Jip _ Jap
1-p,, 1-=py,
Q]Z = l l 2
A F, (0= p )= py,) (4.97)
JliD o Jap
- Py N . 1a L T-py, 1=pa
it goi 1a the burc xa c6 phan xa guong ctia mat 1 q9p— 0—----‘\/\”l -——Op
Jap '

1 AF (1= py )l =pag)
~ Pas goi 1a thé birc xa c6 phan xa guong cta mit 2

Hinh 4.24. Phan tir mang voi thé btic xa
1 c6 phan xa guong.

AIEZ(I -

guong

P )= ps) goi 1a nhiét tré khong gian cta phan xa
Cong thire (4.97) dugc biéu thi boi phan tir mang trén hinh 4.24.

4.5.3. Birc xa ciia hé thong kin c6 phan xa gwong

Xét hé théng kin gém bdn mat 1, 2, 3, 4 trong d6 cac mat 1, 2, 4 c6 phan xa khuéch tan truc tiép con
mat 3 vura c6 phan xa khuéch tan vira c6 phan xa guong, thé hién trén hinh 3.25.
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Do mit 3 co tinh chat guong nén blrc xa tir cac mat 1, 2, 4

dén mat 3 s& duge phéan xa lqi nhu mot tém guong. Cac tia 4(3) 4
phan xa guong do6 coi nhu xuat phat tir nguon bure xa 1a hinh A
anh trong guong 3 biéu thi boi duong nét dut. 1(3) : 3 1
1

Burc xa khuéch tan tryc tiép tir 2 dén 1 1a R

2(3) 2
Q1~>2 (khuéch tan truc tién) = J2A2F21 (498)

Hinh 4.25

Birc xa khuéch tan tir 2 phan xa qua 3 dén 1 1a phan xa guong

Q12 (phan xa guong ) = J2A23)F 23135 (4.99)
Fy)1 12 hé s6 goc bire xa gilta mat 23) val
pss 1a hé s0 phan xa guong biéu thi thanh phan dén tir mat 2 trong guong 3 ky hi¢u 2(3).
A, 3 dién tich mat 2 trong guong 3, di nhién A5 = A,
Biic xa tong tir 2 dén 1 13 tong cua hai thanh phan trén:

Qo = LA + LA Foiypss = J2Ax(Fa+Fs5)pss) (4.100)
Tuong tu nhu vay birc xa tong tir 1 dén 2 1a

Qi =LA F + LA 5F 153p1s = JIA(F12tF 5 ppss) (4.101)
Trao d6i bic xa cua 1 va 2
Q1=Q122- Qo = LA (FiutF 1 30pss) - JAx(F 2+ Fo5)1ps3s) (4.102)

do A,F;,= A,F,, nén

J, =J
Q12 = l 1 2
A, (F, +FI(3)2P3S) (4.103)
Cong thire (4.103) duoc biéu thi bai phan tir mang trén hinh 4.26 4y S
12— O— AN/ 0
1
A, + p3sF1(3)2)
Hinh 4.26

Céac thanh phan biic xa giita cic mit khac c6 thé xdy dung boi phan tir mang tuong tu, cudi cliing trao
do61 burc xa cua hé thong 4 mat c6 mot mat phan xa guong dugc bi€u thi bdi so d6 mang sau, hinh 4.27.
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1

Ey, Jy AL (Fra+p3cFiap) i E,,
o MY O A AA G- MWV o~
lt€| | _fz
€14 ! €145

1 <
Ay Fis(l=p3)) g

Ay (Fiy+ps3Fiap)

1
Az Fasl = ps3,)

§ Ay (Fayt+p3cFaap)

(e,

J3n )

o A AN S
P3p 1 I -&y
A4F4}(|-p3_‘) £4A4

€3A;(1 -p3y)

Hinh 4.27.
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