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LOI GIOI THIEU

Cubn sach nay trinh bay mot s6 két qua nghién ctru chinh vé vai tro cua ddi luu trong khi quyén,
cac qua trinh nhiét dong luc hinh thanh va phat trién, dbi luu kho, d6i luu 4m va cac dic trung ciia may
tich.

Céc phuong phap tham sé hoa d6i luu nhu thich tng dbi luu, tham s6 hoa dya trén gia thuyét bat
6n dinh c6 diéu kién loai hai va tham s6 hoa dya trén gia thuyét van chuyén ddi luu ctia cac phan tir nbi
trong cac mo hinh sé tri du bao thoi tiét va khi hau duoc mé ta mot cach chi tiét trong cudn sach nay.
Dic biét tai liéu con gidi thiéu cac md hinh may tich va phwong phap xac dinh cac dic trung quan thé
may tich tir s6 liéu quy mo 16n.

Cudn sach nay co thé duoc st dung l1am tai li€u hoc tap cta cac sinh vién va tai li€u tham khao
cho cac hoc vién sau dai hoc ciing nhu cac nha nghién cuu trong linh vuc khi tuong va vat 1y khi
quyén.

In this book, some main research results related to the role of atmospheric convection, the
termodynamic processes of formation and development of dry and moist convection in the atmosphere
as well as the characteristics of convective cloud are described.

The methods of convective parameterization such as convective adjustment, the methods based on
the supposition of conditional instability of the second kind and the methods based on the supposition
of convective transport by implict buoyant elements, which used in numerical models of weather and
climate forecast are provided in detail. It is also introduced in this book the convective cloud models
and the methods applied to determine the characteristics of ensemble convective cloud from
macroscale data.

This book would be used as the text book for undergraduated students of meteorological speciality
as well as one of reference books for post graduated students and researchers working in the area of
meteorology and atmospheric physics.



MO DAU

Nghién ctru cic qué trinh khi quyén & nhiét doi 1a mot trong nhitng vin dé quan trong cua khi
tuong hién nay va ngay cang dwoc nhidu nha khoa hoc quan tim. Cac qué trinh khi twong & nhiét déi
c6 nhitng nét dac biét ma ngoai nhiét déi khong c6 va chua duge nghién ctiru mét cach dﬁy du. O nhiét
dé6i ton tai cac dbi tuong can nghién ctru nhu bao, dai hoi tu nhiét déi v.v... Trén quy mo 16n cac qua
trinh ¢ nhiét d6i twong phai vdi cic qua trinh & ngoai nhiét d6i. Do su twong phai nay phan 16n can
bang boi xa dwong & ving nhiét d6i di dugc van chuyén 18n vi d6 cao. Nhu vay nhiét doi dong vai tro
clia mot ngudn nhiét trong co ché hoan luu hanh trinh nghién ctru cac qua trinh khi quyén & nhiét déi
gitp cho viéc hiéu sdu hon vé hoan luu khi quyén, vé ning lugng va cac co ché khac cua khi quyén.

Nhiét trong nhiing qua trinh khi twong quan trong & nhiét d6i 1a qua trinh ddi luu trong khi quyén.
Qua trinh dbi luu lién tuc van chuyén ning lugng tir dudi 1én cao, phan b lai nang lugng theo phuong
thing ding. Va nho c6 qué trinh d6i luu ma cac nhiéu dong do cac qué trinh quy mé 16n gy ra bi mat
di. Pé can bang duogc niang lugng & dai xich dao +£10° can ton tai khoang 1500 - 5000 dam may tich 16n
hoat dong ddng thoi. M&i dam may van chuyén khoang 2.10' - 4.10" J/s. Luong nhiét ndy do ngung
két hoi mudi trong may san ra. Chinh vi thé & nhiét déi thuong c6 mua rat 16n trén ving rong.

Tir dau thé ky XX Benard (1900) Raykeigh (1916) da bat ddu nghién ctru vé ddi luu trong khi
quyén. Ngay nay c6 nhiéu nha khoa hoc 16n nghién ctru cic khia canh khac nhau cia ddi luu nhu
Emanuel K, A Smith R.K, Bétt A.K, Morton B.R v.v... Gio trinh nay trinh bay cac qué trinh dbi luu
khé va dbi luu 4m trong khi quyén, mé hinh héa cac qua trinh trén voi cac gia thiét tir don gian dén
phuc tap. Gido trinh da hé théng héa va di siu vao cac loai mo hinh tham sb héa ddi luu duoc st dung
trong cac mo hinh s6 tri du béo va chin doan thoi tiét.

Gido trinh 1a tai li€u hoc tdp cho sinh vién va la tai liéu tham khao cho hoc vién sau dai hoc cling
nhu cac kha khoa hoc linh vuc khi tugng - thuy van.

1.1. Biéu hién chuyén dong d6i luu trong khi quyén

Nghién ctru cac anh vé tinh cho thay trong khi quyén thudng hinh thanh cac hé thong may véi
kich thudc ngang tir vai km dén mét hai trim km. Cac hé thdng nay dugc goi 1a cac hé théng quy md
vira. My ciu tao 1én hé thong nay thuong & dang 6 hinh luc ling va cac dai may. Cac hé théng may
quy md vira nay hinh thanh do chuyén dong ddi luu phét trién trong 16p khi quyén c6 phan tang 6n
dinh hoac trén mit dém khong déng nhét. Khi déi luu phat trién manh céac hé théng may duogc cAu tao
tir may vii tich. O dang cac khéi rimg biét, cac lubng may hodc cac dudng xody dc.

O may duoc Benad (1900) nghién ctru thyc nghiém va Rayleigh (1916) nghién ctu vé& mit ly
thuyét. Ly thuyét tuyén tinh ciia Rayleigh da dua dén hai két luan chinh:

a) Ché d6 chuyén dong phu thudc vao mot s khong thé nguyén (sé Rayleigh)

Ra=2 1" T2

T uvK

O day g 1a gia toc roi ty do, T' 1a nhiét d6 cua 16p, y 13 gradien nhiét d6 theo phuong thing dimg,
Y. gzadien doan nhiét kho, V 1a hé s6 nhét phan tir, K 1a hé s6 dan nhiét do, h 1a d¢ day 16p ddi luu.



b) Khi s6 Rayleigh 16n hon gi tri gidi han ua n6 (Rath) thi trong chat 1ong xuét hién dao dong
tudn hoan dang 6 bién d6 ctia n6 ting theo thoi gian. Khi R, < R,y thi bién d6 chuyén dong song khong
dbi theo thoi gian.

Trong diéu kién khi quyén thi cac hé sé V va K phai thay bang cac gia tri roi twong tung chi
khong phai gia tri do chuyén dong phan tir gdy ra. S6 R, nhan dugc ndm tir 10* dén 10° tng voi h = 1
dén 3 km. Nhu vay trong 16p d6i luu day 1-3km ¢ khi quyén c6 thé ton tai cac chuyén dong tudn hoan
6n dinh dang 6 d6i luu. O dbi luu ¢ hai dang 6 hd va 6 kin. O ho thi chuyén dong thing va may phat
trién & xung quanh ¢ tdm khong khi di xubng va khong c6 may. O kin thi nguoc lai. Puong kinh cia
cac & m& D khoang tir 11km dén 100 km v&i tan suat 47% 1a tir 31 dén 40km (khéo sat 635 truong
hop). Kich thudce 6 kin tir 11 dén 80 km vdi tan suat cuc dai 47% ¢ trong khoang 31 - 40km (tong 386
truong hop). Ty 1¢ giita h/D nam tir 1/35 dén 1/7, trung binh 14 1/16. Theo ly thuyét Rayleigh 1a 1/3. S&
di c6 su khac biét gitra 1y thuyét va thuc nghiém 1a do cac hé sb roi theo phuong ngang va thang ding
khac nhau.

1.2. Cac 6 dbi lwu trong khi quyén

Céac 6 d6i luu mé xuat hién trong 16p gradien thang dimg ciia nhiét d6 giam theo chiéu cao
(g < 0) con cac 6 ddi luu kin thi trong cac 16p co ? > 0. Theo s6 liéu thuc nghiém thi gia tri trung

Z Z
binh cua g 14 -2,2.10° do/m* @i v6i 6 mo va 0,2.10° do/m* dbi véi 6 kin. S liéu nay cho phép ta
V/
giai thich cac o thuong hinh thanh trén cac dong néong vao mua lanh khi hi€u nhiét d0 mat nudc va
khong khi duong khoang 3- 4°C. Céac 6 kin thudng quan sat thiy trén dong hai luu lanh c6 AT < 0,
trung binh khoang -1°C.

Céc 6 dbi lwu d6i xtmg, déu dan thuong quan sat thiy khi gia nhe (V < 5 - 7m/s). Theo ly thuyét
thi khi V = 0. Chinh vi vy cac 6 d6i luu 6n dinh thudng thiy ¢ ving xody nghich, noi gia tri xody
tuyét ddi nho.

Cac dai may ddi luu thuong quan tric thiy ¢ 16p ddi luu c6 gio ting theo do cao. Cac 6 dbi luu
ting biét lién két lai thanh mot dai nhu cac ludng cay. Khoang cach cac 6 may trong mot ludng nho
hon khoang cach giita cic 6 may ciia cac ludng lién nhau. Do rong ciia cac ludng may dao dong tir 5
dén 25 km trén dét lién vi6i gia tri trung binh 1a 9,1km, va tir 6 dén 50km trén bién voi gia tri trung
binh 1a 15,8km. Céc luéng may thudng nim theo hudng gio.



CHUONG 1. CAC QUA TRINH POI LUU TRONG KHi QUYEN

1.1. Khai niém vé déi luu

Tét ca cac chuyén dong cua chét long trong truong trong luc on dinh do sy khac nhau cua mat do
chat 1ong co thé duoc goi 1a chuyén dong dbi lwu. Chinh vi thé ma toan bo dong niang cua khi quyén va
dai dwong ctia trai dat déu do ddi luu tao ra. Trong khoa hoc khi quyén ngudi ta quan niém vé chuyén
dong dbi luu hep hon. Ho coi chuyén dong dbi luu chi gdm c6 cac chuyén dong quy mé twong dbi
nho, hoan luu thuin tuy nhiét va do hoat dong cua trong lyc dudi tac dong clia phan bd bat 6n dinh
theo phuong thang dimg cua khdi khi. O day ching ta sir dung dinh nghia nay dé nghién ctru.

1.2. Luc ndi

Ta nghién ctru chuyén dong cia mdt vat co kich thudc Ax.Ay.Az, mat d6 1a P, nam trong mot chét
long c6 mat d¢ P,. Luc tac dong 1€n vat thé gém c6 trong lyc va lyc ap sudt tir cac bé mit cua vat thé.
Vi chit 16ng dong nhit ngang nén gradien ap sudt tac dong vao cac bé mit cua né theo phuong ngang
bang khong. Néu vat dimg yén thi gradien 4p sudt theo phuong thang dimg clia méi truong xung quanh
phai cin bang véi trong luc.

t

(a@)

Hinh 1.1. Céac dang cua hién tuong ddi luu
Garadien ap suit thang dung duogc xac dinh theo phuong trinh tinh hoc:

@
dz P28 '

Tich phan phuong trinh (1.1) tir o dén h, coi p, =const ta dugc
P, =p,gh (1.2)
& ddy h 1a d6 sdu. Luc tac dong trén bé mit trén cta vat 1a p,gh, AxAy, bé mat dudi cia vat 1a
pogh, AxAy. Luc tac dong 1€n vat la:
F = pyg(h; - h))Ax Ay - pig AxAyAz

vi hy - h; = Az nén:



F=g(p>-p1) AxAyAz (1.3)
Luc nay béng hiéu trong luong cua thé tich chat long ma vat chiém chd va trong lwong cua vat thé
(Luc Asimét). Néu lyc nay khac khong thi vat s& chuyén dong voi gia tdc:

_F _glpa-py)
m pl

Khi chuyén dong thi xuit hién lyc ma sat va ap suat dong. Cac luc nay goép phan 1am thay doi gia

a

(1.4)

toc chuyén dong cia vat.

Trong khi quyén mat d¢ ciia cac khdi khi bién dong theo khong gian va thoi gian nén lyc ndi xudt
hién & mot sb thé tich khi va gay ra chuyén dong thang dung véi toc d 16n hon nhiéu so véi toe do
chuyén dong trung binh cta khi quyén. Trong qué trinh chuyén dong thé tich khi luén x4o tron ri véi
mdi trudng xung quanh nén qua trinh s€ trd nén phirc tap hon.

Ta c6 thé xac dinh luc ndi dya trén phuong trinh chuyén dong theo phuong thiang ding. Gia thiét
1a bién ddi dia phwong cta mat do va ap suat nho hon nhiéu so véi gia tri trung binh tuong tng cua
chung. Gia thiét nay tuong duong véi gia thiét gia téc do luc ndi gdy ra nho hon nhiéu so véi gia toe
trong truong. Piéu nay thoa min voi hau hét cac qua trinh dia vat 1y nén gia thiét dua ra 1a hoan toan
thoa man trong diéu kién thuc té.

Dbi voi chat long 1y tuong phuong trinh chuyén dong theo phuong thang dimg c6 dang:

dW  10P
=—=—-g (15

dt p OZ
O day W la téc do thang dimg.
Ap suit va mat do chat long duoc biéu dién & dang téng cua gia tri trung binh va d¢ léch cua
chung. Trudng trung binh ciia mat d6 va ap suét thoa man didu kién ddng nhit ngang, tic 1a ching chi
phu thudc vao do cao Z.

p=p(2)
p=p%)
va diéu kién thuy trinh:
P _
7 pg (1.6
Khi d6 ap sudt va mat do chat 1ong dugc biéu dién & dang:

P=PZ) +P
p=p(Z) +p' (1.7)
Thay (1.7) vao (1.5) ta dugc:
dW 1 oP+P)

dt _§+p' 0z

-g (1.8)

Ta tinh dai lugng:



Vi % << 1 nén ta bo cac thanh phan c6 bac cao hon di va viét lai (1.8) vé dang:

p
dW 1P 1 oP' l@F(p'j

P

Str dung phuong trinh tinh hoc (1.6) ta viét phuong trinh trén vé dang:

dW 1P (p'
=-——, "8 = (1.9)
dt p 07 p

Thanh phan dau ¢ vé phai (1.9) chi gia toc phi tinh hoc cta gradien 4p suit. Thanh phan nay

thuong xuét hién ///// cac hiéu ung dong luc bién d6i moémen lyc. Thanh phz:in tha hai la gia tdc ndi, nd

dt p OZ p 04 p oZ

do sy bat binh thuong ciia mat do chét 1ong trong trudng trong lyc gy ra. Ta ky hiéu 1a B.

B:-g(%'j (1.10)
P

Nhiéu dong mat do trong dong chay cé thé do bién dong ap suit, nhiét 4o gay ra. Bién dong ap
sudt thuong gy ra bién dong mat do rat nho nén co thé bo qua hiéu ing nay trong cac truong hop tde
d6 cua n6 nho hon téc d6 4m trong khi quyén.

Tu phuong trinh trang thai cho khong khi kho:

P (1.11)
p=—= .
RT
voi p lamat dog, P la ap suét, T 12 nhiét 30 va R 1a hz"mg s6 khi cho khong khi ta tim dugc:
' ' T'
o D)
p p T

Trong biéu thic (1.12) thanh phin du ciia vé phai nho hon nhiéu so v6i thanh phéan tht hai. Ta
1am sang t6 diéu nay nhu sau:

Ta xét mot bong béng khi, sy nhiu dong vé ap suat va nhiét do trong d6 1a P' va T'. Gia thiét
Gradien nim ngang ciia nhidu dong ap suat can bang voi chuyén dong ciia khong khi bén trong né. Khi
d6 theo phuong trinh chuyén dong theo truc Ox ta c6 thé viét:

ou ou ou ou 1 op'
—+tUu—+V—FW—=——— (1.13)
ot 19):¢ oy 0z p Ox

Trong (1.13) cac thanh phan vé trai c6 cliing bac dai lugng. Néu bong bong co dic trung toe do 1a
U thi bc cua dai lugng gradien ap suét s& 1a:

1 oP" ou

S =ug—2 (114

p Ox 10):¢
Ta thay



11 p-p 1 0 1
p P+ p2-p2 P P> P
vao (1.14) thi ta dugc

1P a[P‘j~1%

oox ox\p) 2 ox

p
Tich phéan biéu thirc trén ta duoc:

P
— =uj

P
Str dung phuong trinh trang thai
P

P=RT

ta tim duoc

P - RT &2
CP
Gdiy y= 2~ . c= J7RT
ay vy CcvV Y

1a téc do 4m trong chét long 1y twong dang hudng.

Ta biet toc do chuyén dong cta chat 16ng nho hon nhiéu so véi toc do am trong no (uy << C) vi

vay:
u% T
— <<=
c T

Tir déy ta thay dong gop cua nhiu dong ap suat vao nhidu dong mat d6 1a khong déng ké so véi
nhidu dong nhiét 6. Biéu thire (1.12) c6 thé bo di thanh phan dau ¢ vé phai va c6 dang:

B=- (EJ (1.15)
g\ :

Mot cach gan dung ta viét biéu thire (1.10) vé dang:

B=-g (gj =-g@ (1.16)
p

p
Ta ky hiéu:
1
o= =
P
1 thé tich riéng ctia chat 1ong thi
da d
@ _ 8y
o P

Thay (1.17) vao (1.16) ta dugc:

10



B=gd—a (1.18)
(04

Débi v6i chét long 1y tudng ta cé o 1a mot ham phu thudc vao nhiét do va ap suit:
RT

o= —

P
Trén thyc té chat 1ong thudng c6 chira cac tap chit khac hoa tan. Ta ky hiéu dai luong nay 1a S thi
ta co vi phan toan phan cua a la:

da:(a—“j dT{@—O‘J dP+(a—aJ ds (1.19)
T )pg D Jpg S Jpr

Bo qua hiéu (mg ctia ap sudt thi (1.19) c6 dang:

da:(a—aj dT+(a—°‘] ds
aT P,S os P,T

Thay biéu thirc nay vao (1.18) ta thu dugc biéu thirc cho luc ndi:

B=g 1fca T'+l da S' (1.20)
o 6T P,S (0 aS P,T

Luc ndi tham gia vao phuong trinh chuyén dong theo truc thiang dimg. Néu ap sudt duoc chia
thanh hai thanh phan trinh hoc P (Z) va phi tinh hoc P'(x, y, z, t) thi phuong trinh Navestok-Boussines
c6 thé viét & dang:

d_u:_lﬁwv?u

dt p Ox

ﬁ:—lg vy

dt p Oy
d_W:_1£+B+vV2w (1.21)
dt p 0z

1.3. P6i lru do cac ngudn dia phwong giy ra

1.3.1. Khdi niém vé cdi bong béng nhiét va cét nhigt

Khi nghién ctru chuyén dong cuia chat 1ong 6n dinh, cac bién phu thudc bién dong don gian cing
v6i cac bién doc 1ap va cac diéu kién bién thi nguoi ta thuong sir dung 1y thuyét thir nguyén dé tim médi
quan hé giita ching. Ly thuyét nay ciing dwoc ap dung dé nghién ctru chuyén dong d6i lwu. Schmidt
(1941) va Batchelor (1954) 1a nhitng nguoi dau tién Gmg dung thanh cong 1y thuyét truong tir va phan
tich thir nguyén dé nghién ctru dong ddi lwu don gian. Tiép theo 1a cac cong trinh ctia Morton (1957);
Marton, Taylor, Turner (1956); Turner (1969). Cac két qua nghién ctru trén cang dwoc khing dinh boi
cac thi nghiém ctia Morton, Taylor, Turner (1956), Richards (1961), Sauder (1961), cac cong trinh trén
déu nghién curu dbi luu & dang bong bong nhiét hoac cdt nhiét do luc ndi tao ra tir nguén 12 mot diém
hodc 1a mot dudng trong chét long c6 phan tang don gian va chat 1ong khong chiu anh huong cia ddi
luu. Voi myc dich nghién clru trén bong bong nhiét va cdt nhiét duoc hiéu nhu sau:

Bong bong nhiét la thé tich chat long nho, ///// biét ndi Ién, trong do luc ndi chi xuét hién & mot
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thé tich hitu han cua chét 16ng (hinh 1.1.b)

O dbi Iuu hinh 16ng chim 14 tia ndi trong d6 luc ndi duge cung cAp mot cach on dinh tir mot ngudn
la mot di€m: vung noi 1a lién tyc (hinh 1.1.2)

O @bi luu hinh 16ng chim khéi dong d6 1a 6 dbi luu c6 dudng gd & bén trén xac dinh rd. (hinh
1.1.c).

a) 6 ddi luu, bong bong nhiét ¢) 6 d6i luu hinh 16ng chim khdi dong

1.3.2. O d6i luwu roi hinh léng chim hinh thanh tiv nguon la mt diém

Trudce hét ta hiéu khai niém dong luc ndi F. Day 1a dai lugng vat 1y ty 18 véi luc ndi, toc d6 thang
dang va dién tich vung noi.

F ~ luc nbi x tc do thang x dién tich

Thir nguyén cuia dai luong nay sé€ la:

[F]=L.S?xLS'xL*=L"S?

Céc dic trung trung binh ciia 6 dbi luu nay c6 thé tim dwoc dudi dang ham sé cua dong luc ndi F
va do cao Z trén nguén diém. Thi du tdc do théng dang trung binh W , luc ndi trung binh B , ban kinh
trung binh cua 6 d6i Ivu v.v... déu c6 thé bic¢u dien ¢ dang

W =fF,z) (1.22)

St dung 1y thuyét thir nguyén ta tim dugc
W=c .F?z" (123
B=c.FP7" (124
R=c;z (125

O day C,, C, Cs 1a cac hing sb.

Céc gié tri trung binh theo thdi gian cia cac dic trung ké trén phu thude vao ban kinh r ké tir truc
thang dtng cua 6 doi luu va ban kinh cuia toan b 6 do6i Iuu R. Sy phu thudc nay co6 thé bi€u dién ¢
dang

F1/3 r
W(I’) = W . fl (ﬁ}
F2/3 r

R=a.Z
Théng thuong khdi lwong cua & dbi luu s& ty 16 véi WR? tic 1a ty 18 véi 25/3. Diéu nay cho thiy
no6 sé tang theo do cao. Nhu vay dd cudn hut ctia khdng khi xung quanh vao 6 d6i luu hinh 16ng chim
s€ ty 1€ tuyen tinh v&i w.
Béng thyc nghi€ém Yih (1951) da tim dugc cac ham fj, f, va a trong cong thire (1.26):

F1/3 961’2
W= 4,7-mexp(- Z2
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F2/3 7 11‘2
B=11,0- exp| -
Z5/ 3 Z2
R=0,12Z 1.27)
Ong da chimg minh cac 6 d6i luu trung binh c6 dang 16ng chim c6 tiét dién hinh nén v&i bién ciia
n6 nam tir 7° d&én thing dung.

1.3.3. O doi lwu réi dang long chim hinh thanh tiv nguén la mét dwong
Truong hop ngudn nhiét 1a mot duong thi d6i luu c6 dang cai binh hoa va thong lugng ndi cua
nhiét dugc xac dinh trén mot don vi do dai doc theo duong nguén

e}
F= [WBdx (1.28)
—00
x: 12 huéng vudng goc véi dudng ngudn. Ta biét dong rdi khong thé phu thude vao hé sé khuéch
tan nhiét phan tr va d¢ nhét dong hoc cua chét long ma chi phu thudc vao F va cac bién x, z. St dung
ly thuyét thir nguyén ta d& dang tim dugc cac biéu thirc cho cac dic trung cua dong rdi. Nam 1952
Humphreys da lam thi nghi€ém va tim dugc cac biéu thuc cho W, B va R:

2
W =1,80 G(F, Z) - exp { 3?2( J

41x2
B:2,6H(F,Z)-exp(- = j

R=0,16Z (1.29)

Trudng hop c6 hai dudng ngudn song song thi cac dudng ngudn nay khong thé cudn hut khong
khi méi truong giita hai ngun ma chung cudn hit 13n nhau va tao ra dbi luu nhu do mét dudng ngudn
nam gitra hai dudng ngudn gy nén.

1.3.4. Bong bong nhiét

Khi Iyc nbi tao ra chdc 1at & 1 diém trong chat 16ng thi mot dam may cua chit long ndi 1én va sau
d6 c6 su cudn hat ciia moi truong vao dam may nao d6. Qa trinh phat trién ctia bong bong nhiét no 1a
ham cua thoi gian va do cao song vai trd cta bién thodi gian quan trong hon. Trong diéu kién nhu vay
thi nhiéu gia thiét vé tinh chat cta ddi luu hinh 16ng chim c6 thé ding cho 6 nhiét nhu:

a) Profil cua tdc d6 va luc ndi theo phuong ban kinh tuong ty nhau vé hinh hoc trong toan bo thoi
gian.

b) Téc d6 cudn hat trung binh ty 18 véi tdc do thing ding trung binh

¢) Nhiu dong mat do trong bong béng nhiét nhé hon nhiéu so véi mat do trung binh (gn dung
Boussinesq).

Dbi voi dbi luu rdi trong chat 16ng phan tang phiém dinh thi chi ¢6 1 tham sé ngoai dwoc xem d6
1 strc ndi giai phong ra ngudn diém. Ky hiéu dai lugng nay 1a Q ta co:

Q- [[[Bod C
!

Tich phan theo thé tich v.
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Goi Z 1a do cao cta tam 6 nhiét ¢ thoi diém t, st dung 1y thuyét thir nguyén ta tim duoc cac dic

W QI/Z f[ij

trung:

V/ R
Q r
B=—f| — 1.30
s aw
R=vyZ

O day fla cac ham s6 c6 doi so [ﬁj , ¥ 1a hang s0, R 1a gia tri ban kinh trung binh cta 6 nhiét.

1.3.5. O dbi luu hinh long chim khéi djng

Turner (1962) da tim dwoc 16i giai cho 6 d6i luu hinh 16ng chim khoi dong véi gia thiét 1a ludi
phia trudc ctia n6 6 tinh chit nhu mot bong bong nhiét con than ciia nd giéng nhu 6 déi luu hinh 16ng
chim hoan chinh. Piém dang luu y & day 1a mtc do tién 1én phia trude cia ludi nay khong nhanh nhu
chuyén dong thing dimg & trung tam ludi tién vé phia trudc.

Cac két qua cua Turner va s6 liéu thuc nghiém cho théy mirc do tién vé phia trude cua ludi ndm
gilta do di 1én ctia 6 nhiét thudn thuy va téc do cta 6 dbi luu hinh 16ng chim thuan thay, va gan nhu
mot nira ¢ cudn hat khong khi méi truong vao 6 dbi luu duge di qua ludi phia trude nay.

1.4. P6i lru roi trong dong chiy phan tﬁng on dinh

Su phédn tAng mat do cua chét 1ong xung quanh & d6i luu hinh 16ng chim anh hudéng dén lyc ndi
ctia 6 dbi Ivu. Luc ndi s& duong khi méi trudng cé phan ting bat 6n dinh va né s& am hodc bang khong
khi phén ting 12 6n dinh. Dé xac dinh hé thong méi truong va & dbi luu thi ngoai cac tham sb di ké &
trén tham s6 xac dinh su phan tang ciia moi truong gitt vai trd quan trong cac dic trung ciia hé thong
nay co6 thé xac dinh dugc nho 1y thuyét thir nguyén véi cac tham s da ké & trén va mot sé gia thuyét
khac nita. Hop 1y hon ca ¢ day 1a sir dung truc tiép cac phwong trinh co ban va tim cac nghiém don
gian cua ching rdi suy dién cho trudng hop phén ting cua mdi truong tuong tw va bat on dinh. Theo
Morton, Taylor ta gia thiét tc d6 va su ndi chi phu thudc vao ban kinh ngang khi d6 s& tich phan duoc
c4c phuong trinh Boussimes theo mit ndm ngang. Dang phu thudc cia cac dai lugng trén ban kinh ta
chi chon dé c6 hiéu ung lén gia tri sb cua céac hé sb trong cac biéu thirc cia W va B chir khong chon su
phu thudc cua nd vao Z hoic cac dong & bién cia su ndi.

Cac ham thuong dugc chon 1a Profil "dinh - mii" hodc profil Gaussian (Hinh 1.2)

-

Hinh 1.2. a) Profil "Pinh -mi" b) Profil Gauss
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Dé giai hé cac phuong trinh ta gia thiét gidng nhu khi giai bai toan tuong tu trong dong chay
khong phan tang. Cu the la:

1) Dong chay 1a 6n dinh.

2) Profil theo cac tia ban kinh cia toc do thang dimg va stc ndi trung binh & tat ca cac do cao
dong dang véi nhau.

3) Téc @6 dong réi trung binh ty 18 voi toe do thang dimg.

4) Dong chay la Boussines.

Theo gia thiét 3 ta ldy U = -aW.

O day o 1a hang s6 ty 1, n6 phu thudc vao do cudn hut cua khéi luong. Gia thiét nay chi dung véi
chat long khong phén tang con d6i véi chat 1ong phan tang thi n6 la gan dang.

Str dung profil "dinh - mii" dé thay vao phuong trinh lién tuc rdi tich phan né theo mit nim ngang

ta duoc:
2n R 10 0 2t R
[ [ ==(u)rdtd6+— [ [wrdtd6=0
00 T 8’[ 5Z 00
0
h 2maRW = — (nR*W) (1.31
ay o o7 (rR°W) (1.31)

Tir ding thire (1.31) cho thiy dong khdi lugng ting theo do cao ty 16 v6i do cudn hat khéi luong
qua bién cua cot khi.
Ta xét phuong trinh chuyén dong theo phuong thang ding voi gan ding Boussinesq va bo qua gia
toc do nhidu dong gradien ap suat:
dW =
—=V.Vw=B
dt

Tich phan theo thé tich

Hinh 1.3. Thé tich dé 1y tich phan

2R z+Az  _, 2nR z+Az
[[ ] VVwde= || [ Bde
00 z 00 =z

Thay tich phan theo thé tich bang tich phan mit ta dugc

2nR z+Az  _ _
[[ [ VVwdr = [[wV.5ids
00 z S

O day 11 1a phap tuyén ctia mat S bao boc thé tich khi. Vi tdc d6 thing & trén bién xung quanh thé
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tich khi bang khong nén tich phan trén tinh dugc:
d
d—(nR2W2) = nR’B (1.32)
Z

Tich phan phuong trinh cho lyc néi theo thé tich trén:

B _o¥B-0
dt

[[[V.VBdt=0

Thay tich phén thé tich bang tich phan mat

[[BV.iids=0

S

Thay biéu thuc cia luc voi B va ky hi€u 6 la nhiét do cua vat, 0 1a nhiét d6 khong khi xung
quanh, 6, 14 nhiét d6 khong ddi ta danh gia dwoc tich phan trén cho thé tich hinh 1.3.

{gw W R +iHﬂJH sz} Az} _
0 Z 0o

g =% | W R2 - 21R A ZaW ge_eo =0
e0 e0

Bién d6i biéu thuc trén ta duoc:
d _
L M R2W(0-6,)]=21TR o« W(B - 6,)
dZ
Thay (1.31) vao vé phai ctia phurong trinh trén ta dugc:

d — d
I R2We-0)]-@-0) (R2W)

- 4 [nR*w( - 6,)]- iR2W 99
dZ dZ
hay
4 Inr2w(o - 9)]= - r2W 99
dZ dZ
Nhan hai vé ctia phuong trinh trén véi g/0, va sir dung ky hiéu:
 9-B
e0
2_ g do
0, dZ

Ta viét lai phwong trinh trén vé dang

(%[H RZWB|=- TTRZWN?  (1.33)
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O day N c6 tht nguyén S va duoc goi 13 tin sb Brunt - Vaisala hay tan s6 ndi. Trong chat 1ong
phan ting 6n dinh N 14 tn sb dao dong cuia cot khi quyén theo phuong thing ding.

Nhu vay cac phuong trinh Boussines tich phan theo mit phing ngang cho khi lugng, moment va
nhiét c6 dang:

d o
—(R%W) = 2RaW (1.34
dZ( ) aW (1.34)
d

—(RW2)=R?B (135
dZ( ) (1.35)

i(R2WB) =-RWN?  (1.36)
dZ

Khi phén tang khi quyén 1a phiém dinh 0 = constnén N = 0. Tr (1.36) ta thay:
R*W B = const (1.37)
Vi thong lugng noi trén bé mit 1a
F=nR’WB
nén biéu thirc (1.37) cho thay thong luong ndi trén bién trong khi quyén phén tang phiém dinh 1a
khong d6i theo chi€u cao. Trong trudong hop nay nghiém cua cac phuong trinh (1.34) va (1.35) tim
dugc ¢ dang:

w=A.27"
R=C.7

Cac h'fmg sb A, C, n, [ xac dinh duoc tir diéu kién bién ctia bai toan.

A 7. A 5 A A Ay AR . dé A 2 \ e )
boi véi chat long phan tang bat 6n dinh E <0 |nén N” <0 vano co dang:
N*=-sz"

voi S, P 1a cac hang so.

Ta tim nghiém cua cac phuong trinh (1.34) - (1.36) ¢ dang:

W=A.7"
B=C.Z"
R=D. Zl
voi A, C, D, n, m, , 1a cac hing sb. Thay cac nghiém trén vao phuong trinh (1.34) - (1.36) ta tim
duoc

P
=1, n=1+—, m=1+P

2
o S

3P
(4+—-)
2
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SZ

A= 3p
(4+2j(4+P)
p__ 20
P
(3+§)

8 . . .
Khi S=0va P = -— 10i gidi trung véi két qua cia truong hop cén bang phiém dinh ¢ trén.
\ AL A . < r 8 TN o A ’
Truong hop bat 6n dinh (S > 0) vaco P < -g thi 101 giai khong hop ly.

C de q ,
Truong hop dong chay cé phan tang 6n dinh E >0 (N > 0) thi ¢ thé & d6 cao nao do toc do

thing dung sé triét tiéu do lyc ndi & d6 cao thap hon.

Nim 1956 Morton, Taylor va Turner dd tim dwoc 161 giai s tri ctia bai toan. Str dung hé phuong
trinh da duoc tich phan véi gia thiét luc ndi va toc do thang ding thoa man phan bd chuin theo ban
kinh hé nay cho khac hé (1.34)-(1.36) & cac hé sé:

d o

— (R2W) = 20RW 1.38
dZ( ) =2a (1.38)
d

—(RW2)=2R2B (139

dZ( ) (1.39)

i(RZWB)=—2R2WN2 (1.40)
dz

Pon gian cac phuong trinh (1.38)-(1.40) bang cach thay bién:

V=RW, U=RW, F=R’WB
Khi d6 ta duogc
dU
—=2aV (141
dZ
dv*
——=4FU (1.42)
dZ
dF
— =_2UN? (1.43)
dZ
Cac phuong trinh trén giai véi diéu kién bién sau:
Tai 7Z=0
U=v=0
2
F=—F
I 0

v6i Fo 1a thong lwong luc ndi trén bién.

Céc bién doc 18p va phu thudc duoc tién hanh va tht nguyén nhu sau:
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* -7/8 -1/4 -1/2 1/4 -3/4
7' =718 14 12 I NS4 g
V* _ 23/4 H-I/Z F&/2 N- 1/2 AV4

* 7/8 -3/4 1/2 3/4 -5/4
U =27/8 134 12 F3/4 N5y
F* =2I1'F,.f

0 day cac dai lugng z, v, u, fla cac dai lugng khong thir nguyén.

Thay cac dai luong trén vao (1.41)-(1.43) ta dugc cac phuong trinh cho cac dai lugng khong tha

nguyén
dU
— =V (1.44)
dZ
av+
—=fU (145
dZ
df
—=-U (146
dZ
Diéu kién bién cho cac phuong trinh trén la: Tai Z =0
U=V=0
f=1

Nghiém ctia cac phuong trinh (1.44) - (1.46) biéu dién trén hinh (1.4).

'3

o~
M

g
/
\

A
|
|

S
\

e
[

2r 3n
t,

Hinh 1.4. Ban kinh ngang R, toc d¢ thang dimg U, luc ndi A cho cac cot rdi trong mdi truong chat
long phan tang 6n dinh.
Trong trudng hop 6 nhiét rdi hinh cdu ban kinh trung binh R tbc d6 cudn hat trung binh U = - aW
hinh thanh trong chit 1ong phan tang on dinh thi c6 thé tim dugc nghiém giai tich. Ciing lam tuong tyr
nhu trén ta dugc hé phuong trinh bao toan khdi lwong, moment va nhiét cho 6 nhiét:

i(éHRi)’j = 4TI R%aW  (1.47)
dt{ 3
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i(fnRi* Wj:%n R3 B (1.48)

dt\ 3

44 nps )2 Rrsw N2 (1.49)

dt\ 3 3
Khi méi trudng phan tang phiém dinh (N* = 0) tir (1.49) ta co
R3B = const

Céc phuong trinh trén giai dugce dé dang bang cach thay bién:

R=A.t

W=C.t"

Nghiém tim dugc gidng nhu nghiém di tim dugc & trén (1.30).

Truong hop chat 1ong phéan ting 6n dinh, khong dbi theo chiéu cao
(N? = const >0) hé cac phuong trinh (1.47) - (1.49)

C6 thé giai giai tich. Dé 1am diéu nay ta dit:

M=R'W

V=R’

F=R'B

Tai thoi diém ban dau néu chua c6 thé tich may hinh thanh, téc do thing ding bang khong thi
diéu kién cho bai toan sé la:

F=F0=£ tait=0
411

V& thir nguyén hoa cac bién doc 1ap va phu thugc nhu sau:
F*= Fo. f

M =2 . F,N'lm
AT1

3 3/4

* 3/4 103/4 W\1-3/2
V —(ﬁj o FO NV
t*=N'1 t.

O day f, m, v, t 1a cac dai lvong khong thtr nguyén.
Khi d6 hé (1.47) - (1.49) c6 dang

dv4/3

T m (1.50)
% =-m (1.51)
CL—T: f (1.52)
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Dé xac dinh d6 cao cua 6 nhiét ta tich phan phuong trinh:

dZ

Rl y v

dt
Tién hanh v6 thi nguyén hoa phuong trinh trén bang cach dit:

1/4
Z* — l(éj a-3/4 F6/4 N_I/Q.Z

4\ I1
ta tim dugc phuong trinh cho dai lvgng khong thir nguyén Z:
dZ m
—_—=— (1.53)
dt v

Diéu kién bién cho hé phuong trinh trén la: Tai t=0
z=m=v=0
f=1
Céc phuong trinh trén duoc tich phan theo thoi gian. Khi xuét hién W < 0 thi x4y ra d6 cudn hit
u =+ aw s€ am. B¢ khac phuc diéu nay ¢ day phai lay
U=-a|W| (1.54)
Khi @6 phuong trinh cho chuyén dong giang (1.50) duogc thay bang
dVS/ 4
dt
Cac diéu kién can dau ciing phai thay ddi chiing v6i chuyén dong giang.
Phuong trinh (1.51) va (1.52) 1a mot hé kin ta c6 thé giai giai tich d& dang. Nghiém ciia phuwong
trinh (1.50) va (1.53) s€ tim dugc sau khi biét m va f. Néu ta ky hiéu R, W, B la cac dai lugng khong
thr nguyén cta ban kinh, toc d6 thang dung va strc noi thi 101 gidi cho thanh phan dao dong thur nhat

=-m khim<0 (1.55)

la:
0<t<sm
R=v!3=(1-cost)!’*
_m sint
W_7_(1—cost)3/4
B:£: cost
v (1-cost)’4

7 = 4(1 - cost)t/*

n<t<2n
R = (3 + cost)'?
B sint
(3 + cost)3’4
cost
B= 3/4
(3+cost)
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z= 2134 4(8 + cost)V*

Céc nghiém nay biéu dién trén hinh 1.5.

Ban kinh (R), d6 cao (x), 6 ndi A, téc d6 thing ding (U) ctia 6 nhiét trong chat 1éng phan ting on
dinh. Dé chtng minh cho 1y thuyét, cic tac gia ké trén da tién hanh thi nghiém. Ho da giai phong mot
chét long sang mAu tir day cua mot binh chira chét long khac nang hon, c6 phan tﬁng mat d6 6n dinh.
Két qué thi nghi€m la tao thanh cot ddi luu hinh long chim. Hinh dang va kich ctia n6 phu thudc vao
phan ting mat do cua chit long méi truong (hinh 1.6)
’—a T T T

| |

Ty
|

0 2 3
R, U, }A

o

Hinh 1.5. Cac dai luong khong thir nguyén:

~

Hinh 1.6. Cot d6i luu hinh 16ng chim
a) Phan ting phiém dinh.
b) Phan ting 6n dinh & giai doan déu.

c) Phan tang 6n dinh ¢ giai doan cudi.
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1.5. Poi lru khd trong 16p bun

1.5.1. S6 Rayleigh va Reynolds

Trong céc thi nghiém ta nghién ctru sy phat trién ddi luu trén cac ngudn diém riéng biét, trén thuc
té d6i luu trong chat 1ong dia vat Iy luén duoc hinh thanh tir cac ngudn lyc nbi phan bd trén moot
khong gian rong so véi do day cua 16p dbi luu. Trong truong hop ndy chit long tham gia vao vong
quay cua d6i luu va qua trinh d6i luu c¢6 dic trung quy mé 16n hon dic trung quy mé dia phuong.

Dé nghién ciru d6i luu nam 1900 Benazd da nghién ciru chuyén dong cua chét 1ong & giita hai mit
phang c6 nhiét do xac dinh khac nhau. Két qua nghién ctru cho thay ton tai mot gradien nhiét 4o bat 6n
dinh t&i han, khi gradien nhiét d6 vuot khoi gia tri nay thi xuat hién d6i luu va chuyén dong mang tinh
chét 6 ¢6 dinh khong lan rong ra. O d6i luu xuat hién phu hop v6i su phan bd bat 6n dinh cua khéi chat
long do d6t nong miat dudi va lam lanh mit trén. Rayleigh di dua ra tham sb khong thir nguyén xac
dinh do 6n dinh cta hé thong

R, = 80Py (1.56)
vK

O day o 1a hing sb, H 1 khoang cach giita hai mit phang, B 14 hé sé nd nhiét cua chat 1ong.

Khi s Rayleith Ra vuot khoi gia tri toi han thi d6i luu xuat hién. S6 Rayleith 1a thude do vai tro
tuong ddi ctia van chuyén nhiét do ddi luu va phan tir. Néu chuyén dong ddi luu 1a trat tu, timg 16p thi
Iie ndi can bing voi ma sat nhot
~ Wyv

H2
Ty s6 ctia thong lwong nhiét dbi luu va thong lugng nhiét phan tir 14 sb Nusselt
~ W,B W,H BH?® ogpH?
Y KB/H K v.K vK
Néu d6i luu 1a rdi thi Iyc ndi cAn bang véi gia tc cua chat 1ong. Khi d6 quy mé tde do s& 1a:

W¢Z ~ CBH=C. ag BH?

B

=R,

O day C 1a s6 Froude. Nhu vdy s6 Nu dugc xac dinh:
21712 4

_ WogH® C.ogBH
K K2

O day o 1a s6 Prandtl (o= V/K)

NZu =C.Ra.c

Sb Rayleigh lai twong dwong véi sb Reynolds trong dong dbi Ivu. S6 Raynolds trong chuyén dong
tang 1a:
~ WoH ogBH® R

5 a (1.57)
A% Vv (¢}

R.

trong chuyén dong tdi la:

R? = ¢ clja (1.58)

e

Vi thé ma sé Ra cling 1a thudc do su on dinh cua dong chay va nd la mét chi tiéu xac dinh sy
chuyén d6i tir dong chay ting sang dbi luu réi.
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Gia thiét nay da duoc kiém dinh béng cac thyc nghiém. Trong mot sb6 ché do cu thé cua ddi luu
tang c6 thé xac dinh bang cac sb Reyleigh va Prandtl.

1.5.2. Viin d@é Raynleigh nguyén bin

Xét mot hé thong chat 1ong. Néu no ton tai dimg thi khong co tham s6 nao dic trung cho hé thong
phu thudc vao thoi gian. Néu nhu ¢6 mot s6 nhiéu dong nao dé duoc dua vao hé thong thi co thé xay ra
hai kha ning. Thir nhat 14 cic nhidu dong yéu di theo thoi gian va hé thong lai trd lai trang thai ban
dau, truong hop nay hé théng 1 6n dinh. Kha ning tha hai 14, mot hodc vai nhidu dong phat trién theo
thoi gian, truong hop nay hé thong 14 bat 6n dinh.

Céc nhidu dong ban dau phu thudc vao thoi gian phii 1én mot hé thong chat 1ong dimg, vé toan hoc
c6 thé xac dinh bang cach tuyén tinh hoa hé phuong trinh co ban c6 chu y dén cac nhidu dong. Piéu
nay thyc hién bang cach chia cac bién phy thudc thanh tong cta hai thanh phan: thianh phan mé ta hé
théng dirng, no6 1a 10 giai ciia hé phuong trinh ding va thanh phan nhiéu dong cta hé théng:

u=u + gu'

O day ¢ 1a thong sé nho. Pai luong gach 1a gia tri trang thai nén cta bién, dai luong phay la nhiéu
dong. O day U va u' coi nhur ¢6 cung bac dai lwong. Thay cac bién trén vao hé phuong trinh va cho
cac dai lugng cung béc cua hai vé bang nhau ta duoc 2 hé phuong trinh cho céc bién trudng nén va cho
cac nhiu dong. Cac thanh phan bac hai va cao hon ctia € ta bo di vi ching rat nho. Hé phuong trinh
cho cac nhiu dong bac mot cua € 1a hé tuyén tinh, ta c6 thé giai giai tich dé tim duoc cac nhiéu dong
phu thudc vao thoi gian.

Céc phuong trinh Navier - Stokes véi gan diing Boussinesq ¢ dang:

du_ 1P v2y (159

dat po OX
dv = —i@JerZv
dt Po 9y
WLy
dt po OZ
IT_gver
dt
87(P+@+@ =0
0x oy 0L
Loi giai cho trang thai nén thoa man hé phuong trinh (1.59) va cac diéu kién bién
Piz=0 =Po
T‘Z:O Tb ’ T‘Z:H :Tt (150)
u=v=W=0
= T, - T,
T=-0Z= bH t.7 (1.61)

?:Po_gpo G,Z2

Hé phuong trinh tuyén tinh cho cac nhiu dong c6 dang:
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Oday p'=gBT, y=gBa
B 1a hé sb gidn no nhiét.

Tir hé phuong trinh (1.62) rat ra phwong trinh vi phan dao ham riéng xac dinh nhidu dong téc do

W:
2 2
E_sz ﬁ_vvz Vw =7y 8_+8_ w  (1.63)
ot ot ox2  oy?

Pé giai phuong trinh (1.63) ta tién hanh vé thir nguyén hoa cac bién doc l4p x, y, z va t nhu sau:

* * * *

= = t= 1.64
H H H HZ/v (169

O day cac déu sao ky hiéu cac dai lwong c6 thir nguyén, cac dai lwong vé trai 1a khong c6 thir
nguyén.
Thay (1.63) vao (1.64) ta dugc:

2 2
(ag—v2j(%—v2jV2W=Ra(a—+ 0 jW (1.65)

ot ox2 ﬁ
O day ky hiéu
A%
c=—
K
4
vH
R,="—" (166
2 VK (1.66)

Céc hé sb trong phuong trinh (1.65) 1 hiang sb. Phuwong trinh (1.65) khong c6 diéu kién bién
ngang nén ta gia thiét cac nhidu dong 1a tuan hoan theo bién x va y. Do vay ta c6 thé tim nghiém (1.65)
& dang chudi Fourier.

o0 00 .
W = Wl(z).RE{ ] je“’t.el(k"“kyy)}dkxky (1.67)
—00 —00

Cac dai luong k, va ky 1a cac s6 song  1a sb phirc. Cac sb Reyheigh va Prandtl ddc trung cho
trang thai ciia chat long. Thay (1.67) vao (1.65) ta tim duogc phwong trinh xac dinh w, va tir 6 tim
duoc w va cac bién u, v, p, B.
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Trong trudng hop don gian nhat va k, = 0 thi (1.67) c6 dang
W=W((Z).cosk.y (1.68)

Gday k, = k2 +k2 =k,

W1i(Z) dugce xac dinh tir phuong trinh
dW, _ 0% , 0%
dz ox? oy?
Vé6i ¢ 1a ham thé toc do
¢ =01 . exp (ke y)
Trong truong hop nay cac thanh phan ngang cia toc do cé dang
u=0

_ 1 dw
k. dZ

C

sin k,.y

Luc noi va ap suat dugce xac dinh theo bi€u thire sau:

k2

C

2
a2 :
B= l(@ - k%} . W exp (1 k.y)

2
A% d 2 dW .
P= po—[— - kcj—l exp (1 k.y)
zZ dz
Dbi voi cac 6 chit nhat 1o giai & 1a:
W = W,(z) cosk,X cosk,Y
k, dw; .
u=-— —L sink X.cos k.Y
k; dz
ky dWl
kg dz

V=

cosk, X.sinkY

2
2
(d—z - kg] w; cosk X cosk,Y

2
P=pg, l(d— B k2j dw, cosk X cos kY

dz

Puong dong trén mdt nam ngang trong truong hop nay duoc biéu dién trén hinh (1.7)
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Hinh 1.7. Buong dong ddi voi 6 hinh chit nhat) (Chandrasekhar 1961)
Nim 1940 Christopherson da tim dugc 161 giai cho cac 6 hinh luc giac. Trong trudng hop nay cac
thanh phan téc d6 c6 dang:

W= %Wl (Z){‘Z cos(% Xj COS(% YJ + COS(Z% yﬂ

3V3 k, dz J3 3

Hinh 1.8. Puong dang tri cia W trong 6 hinh lyc giac.
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Céc dong dia vat Iy xudt hién trén cac hanh tinh quay nén hiéu tng quay anh huong dén déi luu.
Do viy phai giai bai toan Rayleigh gbc c¢6 dua thém hiéu tmg quay vao. Hé phuong trinh Navier -
Stokes & trong hé toa do quay véi tbe do goc Q ¢b dinh s& co hai gia toc tuong twong xuét hién trong
cac phuong trinh gia toc thir nhat 1 gia tdc hudéng tam do su quay. Gia toc nay két hop véi cac lyc hat
tao trong luc thuc. Gia tdc thir hai ty 1€ voi tdc do tuong ddi so v&i hé toa do quay va goi la gia tde
Coriolis. Gia tdc nay phu thudc vao vi d6 nhung dbi véi mot viing nho trong d6 xuét hién déi luu thi co
thé coi no 1a hang s6. O day do sau cua dbi luu phai nho hon nhiéu so véi ban kinh ctia hanh tinh. Ta
ldy hai mit phang song song 1a hai mat dang thé vi dé xét bai toan nay. Cac phuong trinh Boussinesq
dugc tuyén tinh hoa s& c6 dang:

(ﬁz—vv2}1=—3;93+fv

ot pg OX
(g—vvng:—i@+fu (1.69)
ot Po O

O day f=2Q. Cac phuong trinh khac trong (1.62) van giit nguyén nhu cii.

Bién d6i hé (1.69), sir dung phwong trinh lién tuc ta tim dwoc

2 2
(ﬁ_vvzja_W:L oP TP gy (1.70)
ot 0z Py ox2 8y2
O day € = % - Z—l; 1a thanh phan thang dung cua xody tuong dbi.

Khi 4p suat trong (1.70) va ///// thit nguyén hoa cac bién doc lap ta dugc:

2 2 2
(cﬁ—vzj(ﬁ—vzj VZW:Ra[i—Wj Tw oW
ot ot ot ox2  oy?
2
_TO(GQ_szﬁ_W (1.71)

f24

O day TO = 1a sb Taylor n6 dic trung cho mic do quan trong twong dbi cua gia toc
A%

coriolis va gia toc nhot.

Vi céc hé s6 cta (1.71) 1a ¢b dinh va gia thiét cic nghiém tuan hoan theo phwong ngang va thoi
gian nén ta thay (1.67) vao (1.71) s& nhan dugc phuong trinh cho sé séng k:

2
d2 d2 d2
](2 k2 k2

Ta xét truong hop dbi lwu xudt hién khong c6 dao dong. Trang thai én dinh duoc xac dinh bing
tan s6 goc ciia dao dong bang khong (w = 0). Khi d6 (1.72) c6 dang:

2 2
d jd w (1.72)

dz2 | dz2
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2
k2 d* k2 d* W, - R. k%W, - T =0
Ta2 |5 T TR T g |7 O

3
o d? 2 d’

O day F 1a ham s thoa méan
d2
k2-——|F=0 (1.75)

va diéu kién bién
F=0 tai Z=0,1 (1.76)
Tir (1.75) va (1.76) ta thiy F phai bang khong trong mién x4c dinh cta nd nén (1.74) c¢6 dang:

3
d? d?
(k2__J _TOQ—RakZ W, =0 (1.77)

Nghiém cta (1.77) lai ¢6 thé tim ¢ dang:

o0
W= > A'sim(nnz)

n=1

Véin =1 thi hé thic cho sé Reyleigh toi han sé la:
Il2, 23, 2
Ra:E[(k +12)3 4 22T, | (178)

Tir hé thirc nay cho thiy su quay lam ting s6 Rayligh t6i han va do vy né 1am 6n dinh chit long.
Ta tim gié tri k dé R, dat gi4 tri nho nhat. R, dat gi4 tri nho nhat khi

T,
(c+ 1)2(21 ~1)=-"Y

1'[4

voi 1=k2/n?

Khi Ty — oothi T=1, tacé thé tim dugc

1/3
Iimrt, = (&j

To—)O((D: 271:4

1 1/6
limk, = (—n2T0j
TO—>oo

vatr (1.78) tim dugc

limR,, =3 (antyl/3 TZ'? (1.79)
To—)OO
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Vi su quay hiru han, h¢ s6 nhdt V nho thi T, cling 16n va R, cling 16n. Vi thé Gradien nhiét do
t6i han trong truong hop nay ciing c6 thé xac dinh duogc tir cong thirc R,

4
R, =10
vK
va (1.79):
4/3
limy, = §(2n4)1/3.(£j Ky1/3 (1.80)
v—0 2 H

Tir day ta thdy véi gia tri f xac dinh va & gia tri gidi han ctia nhdt triét tiéu thi d6i luu khong thé
hinh thanh.

Khi diéu kién bién ddi ximg dugc ap dung cho hinh vuéng, hinh tam giac hay hinh luc giac thi 1oi
giai cho 6 ddi luu hai chiéu véi diéu kién bién WB triét tiéu trén bién s& ¢ dang:

W =W, cosk; sinntz

T :
= - —W;sink, cosnz
k

v= \/TT)%(RQ +k2)w,sink, cosnx.

O day u va v 1a cac thanh phan toc d vudéng goc va song song véi truc cta 0 vi

AT
X: 9 0 =const
u n°+k

nén chuyén dong ngang doc theo dudng thing. Cac duong dong trong 6 hinh vudng va luc gic
duogc biéu dién trén hinh (1.9) va (1.10).

Hinh 1.9. Puong dong trong 6 dbi luu quay hinh vudng (chandrasekha 1961)
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Hinh 1.10. Puong dong trong 6 ddi lwu quay hinh luc giac (chandrasekha 1961)

1.5.3. Lop bién doi luu

L6p bién dbi luu 13 mat gin mat dat. Lop nay thuong thiy vao ngay hé khi mat dit nong hon
khong khi va néng hon nhiéu so v6i mit bién. Dbi luu quy md 16n trong dong chay dia vat 1y khac véi
d6i luu trong phong thi nghiém 1a bé mit dat gd ghé boi dia hinh, thue vat, nha cira va thuong c6 gio
nhe trén mat dt. Chinh gi6 nhe nay c6 mot hiéu tmg quan trong 1én ciu trac cia 16p bién ddi luu.

Gia thiét ta c6 mot 16p chat 1ong khong giéi han dimg yén trén mat san. Lép nay lanh di mot dai
lwong Q trong khi d6 bién dudi duge giit & nhiét do khong ddi (hinh). Do mat dudi nong hon chit long
nén ta hy vong chat 1ong s& dbi luu. Sau mot thoi gian dai hé thdng s& dat trang thai can bang tinh,
trong d6 luong nhiét tiéu tan Q cin biang v6i dong nhiét dbi luu. O thoi diém d6 néu nhu ta bé qua
khuéch tan phan tr thi chi c6 mot tham s c6 thir nguyén trong hé théng:

Qo =Ongsz
0

G day T bidu dién téc do 1am lanh, B 13 hé s6 gidn né nhiét. Pai lugng Q, c6 thi nguyén LT .
Thong luong ndi W'B' thoa mén:

WB'=Q, (1.81)

va n6 khong ddi theo do cao.
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Q

)

TaT,
S ST 7T 7777777

Hinh 1.11: L6p chat 1ong khong gidi han, dimg yén c6 nhiét d6 mat dudi 1a T,
Do mit dat gb ghé nén ta cam thay c6 mot yéu té gd ghé quy mé nho véi kich thude khoang vai
cm va n6 16n hon nhiéu so véi d6 day ctia 16p khuéch tan. Ta ky hiéu quy mo do dai ciia do gd ghé nay

la Zg . Néu ta ky hiéu qo 1a quy mé tdc d6 dbi luu réi thi ta im dugc:

Qo~ (Zg Qo)l/3
va
eBI Tl ~ Q23(z1) """

Khi d6 gradien nhiét do trung binh trong chat long s& la:

gp. St = ¢, Q2343
dz

O day C, 14 hiang s6. Néu tich phan phuong trinh trén ta tim dugc

— — 3c -1/3 _
TZTo—g—[;Q(z)/s[(Zg) ./ 1/3:|

O day Ty 1a nhiét o trung binh & muc Zg . O d6 cao 16n nhiét do s¢ tién dén gid tri Ty
W _m _9C1 £2/302/3(,T)L/3
gp
Tir (1.81) va (1.82) ta tim dwoc thong lugng ndi
wa - 121 o m B2
WB' = @3e,) (e | [ep(T, - Ty)F
Néu ta biét TO va TA ta c6 thé tinh dwoc thong lugng néi W'B'.
Néu ta ky hiéu 6 1a dai lugng thu ddng c6 thong lugng r6i ctia nd 13 F thi ta tim duoc:

d_é _ _CQF-Q61/3Z_4/3
dz

O day c, 14 hiang s6 khong thir nguyén. Tich phan phuong trinh nay ta dugc:
0=0, +3c, FQy2Z713
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O day 6A lagidatricua® 6z=0.
L6p bién dbi luu thye phire tap hon do d6 day cua nd giGi han va ¢ gié nhe. Gio nay tuong tic
véi rdi duoc hinh thanh trén bé mat. Néu ta ky hiéu

M=uw

va quy mo toc dg roi q:

q~M "
thi gradien toc d6 gio trung binh s& 13
du M2
—=Cg- (1.83)
dz z

O day c; 1a hing sb khong thir nguyén (c3)" dugc goi 13 hing sb carman dwoc xac dinh thuc
nghiém nam gitra 0,35 va 4,0.
Tich phan (1.83) theo z véi diéu kién
u =0 taiz=z taduoc
_ Z
T =csM/2In—= (1.84)
Zo
O day z, 1a do gb ghé cho dong luong.
Néu ky hiéu F 13 thong lugng bé mit cua dai luong 6 thi
do FM-1/2
- = _C4 -
dz Z
O day ¢, 1a hang sd. Tich phan phuong trinh trén ta dugc
— = Z
6=0,—c,FM2In = (185)
Zo
O day 0 1a gid trj ciia © & mit dudi.

Tur (1.84) va (1.85) ta ¢6 thé tim duoc F khi biét U va 0 & muc z bat ky:

-2
F- (8, —6{1n1J (1.86)
Zo

Tir céc thong sb c6 thir nguyén Q, va M ta dua ra quy mé do dai:
L=-M"Q," (1.87)

Néu ta léy giatri M va Qg & bé mit thi s& duoc

1 '
L=

w'B'
Pay 1a quy mé d6 dai Monin - Qbukov. Gia tri nay 4m khi théng lwong ndi duong. O day -L c6
nghia 1a d6 cao ma trén do thi vai tro dbi luu 1a chinh con dudi né thi vai tro rdi 1a chinh. Nhu vay tinh

4 K. Y \ 2 Z A Y r . \ A 4 9 \ ~ 1
chat cua roi 1a ham cua (Ej . Ham nay dugc xéac dinh tir thyc nghi€ém nhung né phai la quan hé ham

chinh xac khi chi ¢6 d6i luu (-L — 0) (16p bién ddi luu) va chi c6 réi (16p bién co hoc) (-L — o).
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Néu ta xem T 1a dai lwong thu dong trong 16p bién co hoc va u 1a dai lwong thu dong trong 16p
bién d6i luu thi tir cac hé thirc trén ta tim dugc:

| c, QoM 12771 % -0
P z
i le%/3Z‘4/3 RN
-L
Z
Ml/Zz—l Z 50
du_|® L7
dz i c2MQ51/3Z_4/3 i_> o
& I c, FM /2771 iL -0
P _Z (1.88)
z | CzFQ61/SZ_4/3 _L_)OO

Céc ham thoa man diéu kién trén da duoc Businger tim dugc nam 1971.

-1/3

3
gBﬂ = —(:4Q0M_1/2.Z_1 1+ (C—‘LJ (ij
dz (o -L

Nam 1974 Dyer da tim dugc cac ham nay ¢ dang:

_ -1/2
daT 074 Z
0o M2z 149 A
™k Y { L

-1/4

du 1 Z

— ==M12711+15 =
dz k -L

O day k 1a hang s6 carman (= 0,35)

Céc ham nay cho biét két qua kha phu hop véi thuc té.

Néu ta tich phan cac hé thirc (1.88) trong cac truong hop chi co dbi luu hoidc chi c6 xdo tron rdi
thi sé duoc:
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3 khi = 50
A —_ C -
Qo = gB.(T, - T, ){ “*
w khi = 5w
u” khi 2z >0
M=1u - L
- a C]_ * . Z
Ay khi = > o
Cy -L
%" khi -2 50
— 1\ |C4 -
F:(GO_ea) c 7
et By khi & S
Cy -L

O déy céac dai luong co6 chi sb a 1a gia tri ham tai do cao Z, bat ky thuong ldy & muc may gid
cAm tay

-2
u’ = cgz(ln%J u,
0

w = (301)_3/2[gB(T0 _Ta )Zg‘]lm

Cac dai luong u* va w* co6 thr nguyén toc do va duoc goi la toc do ma sat va toc do doi luu.

Céc dang don gian cho cic cong thirc ndi suy c6 thé l1a:

2
Qo = gB(TO —Ta) (C—Su*j +w 2

Cy

2 2
F= (60 —éa) (z—g’u*j +(z—1w*j
4 2

Gia trj cta cac Profil nhiét do thé vi ao (0y) d6 am riéng va téc d6 ngang duoc biéu dién trén hinh
(1.12)
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we, wg  uw

Hinh 1.12. Céc Profil dic trung ciia cac dai luong trong 16p bién ddi luu: (0., ) nhiét do thé vi ao
trung binh
q : d6 am riéng

M : téc d6 trung binh

W'0', : thong lugng ndi

W'q': théng luong 4m

U'W': thong lugng dong luong.

bén 16p nghich nhiét Z; thi 6 dai Momin-obukhov L; bi gian doan, quy mé6 d¢ dai Z; tré nén quan
trong. L6p mong chuyén tiép bién d6i hau nhu tit ca cac tinh chét khi di qua 16p nay va né duoc goi 1a
"dai cudn hiit" vi réi cudn hut khong khi tir khi quyén ty do vao 16p bién khi quyén.

L6p bién 1i ¢6 y nghia 16n dbi voi hoan luu khi quyén vi nd truyén nhiét, dong luong hoi nudc,
tap chét, v.v... tir mat dat vao khi quyén.

1.5. D6i luu am

Khi khong khi di 1én, ap sudt giam di néu khong c6 ngudn nhiét hodc mat nhiét thi né s& lanh di
theo gradien doan nhiét kho (////////100m). Néu trong thé tich khi ¢ ép hoi nudc thi do am tuong ddi
tang dan va dat bdo hoa ¢ dd cao nao d6. Sau khi bdo hoa hoi nudc s& ngung két thanh nudc hodc
bang. Phan tir khi ¢6 c4c tinh chat nhiét dong lyc xac dinh thi dén muc ap sudt nhét dinh x4y ra ngung
két. Mtrc d6 goi 1a mirc nang ngung két (lifted condensation level) viét tit 1a LCL. Hoi nudc ngung két
trén cac nhan ngung két. Su phan bd ciia cac hat nudc theo kich thudc duoc xéc dinh biang sy phan bd
ban dau cua cac nhan ngung két theo kich thude cac hat nuéc nho ban dau hinh thanh do ngung két sau
do6 ching 16n 1én do tai hop.

Khi ngung két hoi nuéc s& c6 nhiét téa ra dQ

dQ=-L.,dq

O day L, 1a 4n nhiét hoa hoi ciia nude khi di qua muc ngung két ciia minh phan tir d6 tré' nén bao
hoa va qua trinh ngung két hoi nudc van tiép tuc. Nhiét ngung két d6t nong phan tir khi nén gradien
nhiét d6 cua phﬁn tor & day nhd hon gradien doan nhiét kho. N6 goi 1a gradien doan nhiét am. Gradien
doan nhiét 4m khong phai 1 hing sé nhu gradien doan nhiét kho & 1p thap, nhiét d6 cao, dd 4m 16n nd
chi bang 1/3 gradien doan nhiét kho. Khi 1én cao, hoi nudc ngung két hét gradien doan nhiét am tién
dén gia tri cua gradien doan nhiét kho. Phan tir khi ctiia khong khi may di 1én 14 doan nhiét nhung "chat
long" & day 1a tong hop cia khong khi kho, hoi nude va nude. Ching ta coi su di chuyén cua khong
khi trong may nhu doan nhiét am. Khi ngung két tit ca cic san pham ngung két rdi khoi hé thong thi
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qua trinh d6 13 qua trinh doan nhiét gia. Dé danh gia do 6n dinh khi quyén cho qua trinh d6i luu 4m
nguoi ta thuong ding gian d6 nhiét dong hoc (hinh 1.13)

10 2 30 a0
Hinh 1.13. Gian dd nhiét dong hoc biéu dién tham sat khi quyén 0" ngay 7/5/1986.

Trén hinh (1.13) duong manh la duong doan nhiét kho, duong cong dut 1a duong doan nhiét gia,
duong lién ddm 13 dudng phén tang, duong dut day 1a duong nhiét 46 diém swong.

Sy 6n dinh c6 thé danh gia gan dung bang cach dich chuyén phan tir khi theo dudng doan nhiét
kho dén muc ngung két ciia né, sau d6 di theo duong doan nhiét gia, dong thoi so sanh nhiét do cia no
v6i nhiét d6 moi truong ma nd da di qua.

Phén tir di 1én tir gin mat dat dau tién khong co luc ndi vi nd di 1én qua 16p bién d6i luu kho luc
n6i 14 hang sb. Sau khi n6 di qua muc ngung két ciia n6 (LCL) n6 thuong c6 luc ndi am trén mot
khoang nao d6. O day phan tir di 1én bi lyc ndi 4m kéo xudng budc phan tir quay tro lai. Nhu vay dbi
v6i sy dich chuyén nho di 1én ¢ day 1a 6n dinh. Ddi v6i cac phan tir dich chuyén di 1én véi toe do 16n
n6 tré nén c6 d6 nodi duong va co gia toc di 1én dén do cao 16n. Muc ap sudt ma ¢ d6 phan tir da xét lan
dau c6 d6 ndi dwong duoc goi 1a muc ddi luu ty do (level of free convection-LEC).

Muyc ap sudt ma ¢ do luc ndi trd nén am duoc goi la myc do ndi trung tinh (level of neutral
bdoyancy - LNB). Nhu vay khi quyén 1a 6n dinh d6i véi su di chuyén nho theo phuong thang ding cia
khong khi 16p bién va né 1a bit on dinh d6i v6i sy di chuyén 16n theo phuong thing dimg. Loai 6n dinh
trung gian nhu thé nay thudng gip trong ddi luu am. D6i khi van dé nay dugc dé cap dén nhu trang
thai bat 6n dinh c6 diéu kién nhung k¥ thut xac dinh dai lugng nay chi bao ham nghia bét 6n dinh cho
khong khi da bao hoa chir khong bao ham nghia cho trang thai trung gian.

Kha ning cua khi quyén 1a tich va luu giir nang luong sau hang rao thé niang. Hang rao nay ton tai
trong trang thai 6n dinh trung gian va cho phép giai phong ning lwong khi né dich chuyén hodc pha va.
Diéu nay giai thich dugc sy manh mé cua cac dang ddi lvu 4m nhu dong, mua da.

Diéu nay con c6 nghia 1a d6i luu xuét hién thi no khong thé xem 13 ¢6 ich trong diéu kién can
bang trinh hoc véi cac qua trinh tao ra bat 6n dinh nhu trong trudng hop cua 16p bién ddi luu. Dy bao
dbi luu "khong can bang" 1a mot bai toan kho, phirc tap tong hop cac dai luong vé do bat on dinh, hang
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rao thé nang su ton tai va do 16n ciia ngudng bung nd. Mit khac d6 16n cta hang rao thé nang ton tai &
nhiét d6i nhé hon nhiéu so véi ¢ vi do trung binh (hinh 1.14) va mdt sy tranh luan rat 1on 1a déi luu 4m
& nhiét doi 1a khép kin d6i v6i trang thai can bang trinh hoc.

Thé nang ddi voi phan tir khi khi di chuyén tir vi tri hién tai ctia n6 dén muc lyc ndi trung tinh
dugc goi 1a thé nang d6i luu co thé (convective a vailable Potential Enesegy - CAPE).

LNB LNB g
CAPE= [Bdz= | T—(Tap ~T, Jaz
Z Z

a

P
= | R(TVp -T, )dP (1.89)
LNB

O day B la lyc ndi d6i voi 1 don vi khéi lugng, T, - nhiét do ao, T,, 1a nhiét d 4o cua phan tir.

Thé ning ddi luu c6 thé caa phan tir khi dugc chia thanh hai phan. Phan duong dugc tinh tir muc
dbi luu ty do 18n trén va phin 4m tir myc ngung két dén muc ddi lvu tw do cua nd va ky hiéu 1a PA
(Positive are) va NA (Nagative area).

CAPE =PA -NA

LFC
PA= [R(T,,-T,)denP
LNB
LCL
NA= [R(T, -T,,)dInP (1.90)
LFC

Nhu vay NA biéu dién d6 16n ctia hang rao thé nang ddi voi d6i luu. Luu ¥ 13 hinh 1.13 dugc biéu
dién dudi trén hé toa do truc nhiét do 1a tuyén tinh con truc kia 13 logarit cta ap suit. Diéu nay co
nghia la cac dai lugng CAPE va PA, NA ty I¢ vdi dién tich cia mién gidi han boi cac duong nhiét o
mdi truong va nhiét do phan tir dich chuyén doan nhiét. Luong CAPE d6i v6i phan tir khong nham voi
tong thé nang c6 thé danh cho ddi luu chuyén thanh dong ning ciia cot khi. Pong ning ciia cot khi
dugc goi 1 thé nang c6 thé avai lable Potential Energy APE va né dugc xac dinh nhu hiéu gitra toan
bd ning luong chira trong khong khi va ning lwong ti thiéu né c6 thé co sau khi chuyén dich khdi
luong doan nhiét mot cach hop 1y. Doi véi khong khi gan mat dat thi CAPE c6 thé rit long song APE
lai rt nho, néu nhu khong khi bat 6n dinh. Vi thé ning chiém giit mot 16p mong. Trong truong hop
nay khdi luong khong khi bat 6n dinh di 1én chiém mot phan rat nho trong tong khdi lugng khong khi
trong cot khi quyén.

Viéc tinh toan trén gian do cac dai luong dic trung ciia dbi luu 1a phuong phép c¢b dién, ngay nay
ta co thé tinh trén cac may tinh va viéc ding cac gian dd trd nén khong can thiét. Mot cach hop 1y,
thuén tién biéu dién d6 6n dinh khi quyén ddi véi d6i luu 4m duge biéu dién trén hinh (1.15)
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Hinh 1.15. Sy khéac nhau gitra nhiét 46 cua phan tir di 1én va méi truong duoc 1dy trung binh tir vai
tram lan quan tric & ving dao & nhiét déi Tay Thai binh duong thudc Kapingamaranga.

O day di Ién doan nhiét dugc may tinh tinh con sy khac nhau gitia nhiét dg ao cua phén tir di 1én
va ctia moi trudng duoc ldy trung binh theo nhiéu quan tric ¢ nhiét déi. Truc tung 1a muc ap suit phan
tir chuyén dén tryc hoanh 1a myc ap suit ma & d6 phéan tir khi hinh thanh.

1.6. May d6i lwu khong mua

Khi may dbi lvu méng hodc ton tai ngan thi cdc qua trinh vi mo lién két cac hat nho thanh hat 16n
du dé roi khoi may va dat dén mit dat thanh muc. Trong trudng hop téc dd dong thanh du 16n thi qua
trinh trén s& khong tao ra muwa. Trong truong hop nay toan by nudc ngung két trong may cudi cing lai
bay hoi va nhu vay tich phan theo phuong thang ding va theo thoi gian cta giai phong an nhiét bang
khong.

Hinh 1.16. Ham lugng nudc (g/m3) trong may cumulus ¢ do cao 2000, 2350 va 2650 met chan
may & khoang 1000met.

Cu thé nhu trong truong hop Cumulus humilus trade cumulus va mdy stratocumulus. Mic du
khong c6 an nhiét giai phong ngung két va bay hoi ctia nudc ¢ hiéu ing manh dén dong lyc may va
dén van chuyén thing ding nhiét va nudc do ddi luu. Trén hinh (1.16) trinh bay thi du vé ciu triic vi
mod quan tric dugc ciia may ddi luu.
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Mot dic diém nita caa ddi luu 4m khac v6i d6i luu thong thudng 14 su lanh di rdt manh xuét hién
khi cac hat nudc ngung két bay hoi lai. Dé thay 16 diéu nay ta xét dai lugng niang luong hinh hoc am.
hy = (Cpq + 14 Cpy ) T+Z- L (1.91)

Pai luong nay bao toan trong qua trinh dich chuyén doan nhiét va dong ning dwoc chuyén ddi
thanh nhiét dong thoi né 1a dai lwong dic trung cho su ndi khi khong co nudc ngung két. O day Cpa va
Cpv 1a nhiét dung déng ap cua khong khi va cac hoi nudc, Z 1a 6 cao, / 1a d¢ chua nude, t laty am
toan phan cua nude (dang ngung két va dang hoi).

==
ek i -

Al omattenn euntnwy: e O DI )
BRI : « i3 150 km

o

Hinh 1.17. Profil thing dimg cua ning lugng tinh c¢6 hat nudc trong may tich khong mura.

Trén hinh (1.17) biéu dién khong khi di 1én doan nhiét tir 16p bién vao may khéng c6 mua. Ngoai
may / = 0, h ting tuyén tinh theo do cao vi tang ddi luu co phan tang on dinh vai dich chuyén chua bao
hoa. Nhu véy h, ciia khong khi di 18n tir 16p bién thuong nhé hon gia tri do cia méi truong & bat ky
muc nao trén 16p bién. Gia sir khong khi di 1én nay xdo tron voi mdi trudng dén khi toan bo hat nude
bay hoi thi hdn hop cudi nay s& co h; nhé hon gia tri h; cia méi trudng khong c6 xao tron rdi. Nhu vy
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ta c6 thé két luan 1a hon hop khi nay co6 luc ndi 4m so v6i mdi truong. Ta cé thé rat ra tir dy 1a bat ky
hén hop khi nuée & thé 1ong tu do nao di 1én doan nhiét tir 16p bién khi quyén cung véi khong khong
khi méi truong thi déu 13 ¢ lyc ndi 4m, mdc du lyc ndi khong am co6 thé xuat hién dudi chan may.
Diéu nay khéng co dbi véi dbi luu thuong. Hidu ing nay rat 16n. Vi Iy do d6 ma may ddi luu khong
mua dé c6 dong giang manh hinh thanh tir x40 tron véi moi truong. Cac dong giang manh nay 1a cac
thanh phan co ban cua may déi luu. Trong sudt qua trinh ton tai cua loai miy niay ¢ gin dinh miy c6
su lanh di va & gan chan may thi c6 su néng 1én, két qua 1a tich phan dong nhiét theo chiéu cao bang
khong.

Sé luong may "mau dich" Xuét hién phu thudc diéu kién yéu di trén quy md 16n ctia cac nhanh
thap can nhiét d6i ciia hoan luu Hadley-walker. Dinh cta may loai ndy ¢ khoang 2km trén mat dat va
no6 tao ra nghich nhiét 16n. Lop nghich nhiét nay dugc goi 1a nghich nhiét mau dich. Trén myc nghich
nhiét nay sy nong 1én cua khong khi ha xuéng can bﬁng voi su lanh di btrc xa. Trong nghich nhiét mau
dich sy néng 1én do chuyén dong gidng 16n hon mdt chut va dugc can bang boi lanh di birc xa va bay
hoi & gan dinh may. Sy lanh di birc xa duoc can bang bai tong hop cua su ha xudng quy md 16n va 6n
nhiét trong may tich mau dich. Lop bao gém nghich nhiét mau dich, may tich mau dich va 16p dudi
may duoc goi 1a 16p bién may mau dich.

Khi su ha xuéng manh lén, hodc mat trai dudi lanh di hodc ca hai qua trinh trén déng thoi xéy ra
thi dinh ctia 16p bién noi trén dugc phu ddy may va goi 1a may Stracumulus. O ddy sy ha xubng ciia
khong khi & trén dinh cua 16p bién nay khong da 16n dé 1am bay hoi hét hat nudc dd ngung két trong
may. Tong ngan hang nhiét ctia 16p bién dinh may stracumulus hoan toan khac véi dai lugng nay ciia
16p bién may ddi lvu méu dich béi vi toan bo su lanh di do buc xa tap trung cua dinh may.

Lop Stracumulus 1a thanh phén quan trong cua hé théng khi hau vi né phan xa byc xa mat troi
ddng thoi phat xa song dai nhu bé mit may tu do. Chinh vi thé 16p may nay duoc quan tim nghién ciru
ctia nhiéu nha khoa hoc.

1.7. D6i luu ¢6 mua

Khi n6ng do hat may du 16n cac qua trinh vat 1y tao ra cac hat 16n hon va cac hat nay roi voi tde
d6 cubi cung téi han thi goi 1a mua. O diy c¢6 hai qua trinh xay ra 1a qua trinh dinh két va qua trinh
Bergeron — Findeise. Qu4 trinh dinh két tic dong ¢ phan mdy c6 nhiét d6 gan va trén diém dong bang
va doi hoi co su va cham va dinh két cac hat nude riéng biét. Khong phai tit ca cac hat nudc va cham
déu dinh két, mot s6 hat 16n con bi v& ra. Khi nong d6 nudc gan dén can bang gitta ngung két, dinh két
va roi khoi may thi phan bd theo kich thudc cua cic hat miy gan véi phan bd loga — chuan. Phan bd
nay duogc goi 1a phan bé Marshall — Palmer. Trong ving may ma & d6 su dinh két dong vai trd chinh
thi phd kich thudc tong cac hat c6 hai dinh — mét dinh & cac hat may nho va mot ciia phan b Marshall
— Palmer ¢ kich thuéc hat mua. Téc d6 hinh thanh mua 12 ham phi tuyén cta nong d6 nudc trong may
n6 thuong 1a ham nhiy trong cac mé hinh may: Toan bd nong do nuwdc may trong miy vugt mot
ngudng nhét dinh s& chuyén thanh mua theo mét toc do xac dinh.

Khi nhiét d6 ctia may thip hon O°C hau hét nude trong may ¢ dang cac hat nudc qua lanh. Do kéo
dai cia may ¢ dang hat nudc qua lanh phu thudc vao nhiéu yéu td, trong do6 co tbe do dong thang ban
chat va ndng d6, sy phan bd cua cac nhan ngung két. Khi tuyét hodc bang roi vao ving may qua lanh
cac hat nudc s& bay hoi va ngung két lai trén phan tr bang va lam cho phan tir bang 16n 1én nhanh
chong. Pay 1a qua trinh Bergeron — Findeisen. Qua4 trinh ndy c6 thé phat trién vi 4p suét hoi nudc bio
hoa trén bang nhé hon trén hat nudc, khi & cung nhiét d6. Nhu vay hoi nudc & trang thai can bang
nhiét ddng luc vdi hat nude s€ 1a qua bao hoa véi hat bang. Qué trinh Bergerron — Findeisen tac dong
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manh trong may c6 dong thang manh va nhiét d6 ndm trong khoang tir — 40 dén 0°C. O nhiét do thap
hon hat nuéc dong bang ngay nén khong c6 cac hat nudc qua lanh.

Khi méy tich phat trién du rong thi mot hodc ca hai qua trinh ndi trén bat dau hoat dong, dong luc
ctia no6 bat dau thay doi rit manh. Trude hét nude di ngung két bién thé tich khi d6 thanh mot thé tich
khi véi cac tinh chat nhiét dong lyc khac han. Vi nuéc ngung két c6 ma sat 16n véi khong khi va no
gay ra su dich chuyén Iyc ndi tir phan tir khi nay sang phan tir khi khac. su xuat hién ngudn luc noi hay
mét di nay khong lién quan tryc tiép dén trang thai nhiét dong lyc cua khi. Diéu nay cho thdy 1a higu
ung trén lam bién doi dong lyc cua ddi luu, dic biét 1a cac dong thang chira dﬁy cac hat nudc sé€ lan
truyén rit cham.

Nhu vay dbi luu c6 thé chuyén tir dig tai chd thanh dao dong

D6i luu c6 mua dugce hinh thanh din dén sy sip xép khong co trat ty cac 6 ddi luu mdi 6 kéo dai
khoang 45 phut va c6 dudng kinh 5-10 km. Sy tién trién cua cac 6 ddi luu qua 3 giai doan: giai doan
may tich, giai doan trudng thanh va giai doan tan rd. Trong giai doan may tich thi may phat trién
nhung chwa c6 mua hinh thanh. Quy mé thoi gian ciia qua trinh dinh két khoang vai chuc phut, no
cling cung bac voi quy mo thoi gian dong lyc phat trién may. Mua bét dau véi 6 khi bit diu giai doan
truong thanh va dong giang do mua dugc hinh thanh va trai dai dén mat dat. Su lanh duoc trai rong va
dong lai trén mat d4t 1am cho khong thé c6 nhiéu dong ap sudt va bat 6n dinh ciia khong khi 16p bién bi
dirng phat trién, dong thing bat dau giam dan va bat dau thoi ky tan ra.

Mua rao d6i luu dién hinh 13 tp hop clia mot nhom cac 6 ddi luu véi cac giai doan khac nhau cua
qua trinh phat trién may. Nhom nay c6 thé kéo dai vai gio. Pay 1a dang phd bién cta déi luu cd mua,
diéu kién nhat dinh cac 6 may phat trién manh, d6i luu dat cudng d6 16n thuc té, cuong d6 dbi luu va
cac to chirc may ting theo do 16n ciia d6 1éch thing dung cia gié theo phuong ngang va ning luong
bat 6n dinh (CAPE). O diéu kién téi da may d6i luu c6 thé manh tao ra mua da, bio td, khong khi trong
diéu kién nay co entropi 16n. Dai lwong nay ty 18 v6i logazit ctia nhiét do thé vi twong duong 0.:

R/ep
0, = T(&) exp Lyt (1.92
P CpTTCL

O day Tyco 1a nhiét d6 & muc ngung két cua phan tir di 1én ma ta xét. Nhiét do nay gan nhu khong
dbi trong qua trinh doan nhiét ctia khong khi. O day nhiét d6 nong khong khi do ngung két va bay hoi
cua nudc.

Gi4 tri nang lugng bat 6n dinh CAPE 16n thudng din dén d6i luu véi dong thing manh va doi khi
ca dong gidng ciing manh. Khi tdc d6 dong thing 16n, bing roi qua dong thing c6 thé lo ling du lau dé
gip cac phan tir nudc qua lanh di 1én trong dong thing. Cac hat nuéc qua lanh déng bang khi gip cac
hat bang roi va hat bang 16n 1én do dinh két. Hat nuéc da dugc sinh ra. Néu tdc do phat trién du 16n cac
hat nuéc da roi khoi dong thang dat toi mat dat thanh mua da.

Dong thing trong may ddi luu manh c6 thé dat dén téc do khoang 50m/s. Thoi gian dich chuyén
clia phan tir khi trong dong nay nhé hon nhiéu so v6i quy mé thoi gian hinh thanh muwa nhu vay toan
bd lugng nude ngung két ¢ dang hat may (khong mua). May nay rat dam dic va d6 day quang hoc 16n
méu den sim. May nay quan sat dugc trén rada khi twong. Dong thing thuong quan sat duge & dang
cac mod hinh t6 ong va duog goi 14 cac vom ra da.

Gia tri 16n cua ning lugng bat 6n dinh (CAPE) khong du d¢é dam bao ddi luu s& manh. Mot thanh
phin quan trong khac 1a d¢ léch thing ding ctia gié ngang. P9 léch nay quan trong vi né tao ra sy
tuong tac gitra dong thang d6i luu manh va truong gié xung quanh. Sy tuong tac nay lam ting nhidu
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dong ap suat.

Nhiéu dong 4p suét s& tao ra gia toc cho dong thing cuot xa gia tdc do riéng luc ndi gy ra dong
thoi no tao ra gia toc nam ngoai giai doan dong thing ciia minh va né lam cho phat sinh dong, to. Diéu
nay quan trong vi no cho phép dong thang manh liét nay chuyén sang giai doan truéng thanh véi ving
lanh kéo dai & mat dat. Ving lanh nay ngin cach dong thing véi khong khi c6 thé ning noi.

Su tuong tac giita d6i luu manh va d6 dit ciia dong chay & méi truong c6 thé dan dén sy quay ciia
dong thing va dong giang theo truc thang dimg mot cach dang ké. Piéu nay xay ra vi cac dong thang
va gidng lam nghiéng cic thanh phin xody ngang lién quan dén d6 dut dong chay xung quanh theo
phuong thang ding. Diéu nay dan dén phat trién cac xody quy mé vira v6i duong kinh khoang 10 km
va né thuong tring khép voi dong thing manh. Day khong han 1a 16c song né 1a budce chinh ciia qua
trinh hinh thanh 1dc.

Vi d6 1éch thang dting va CAPE ting, sy hinh thanh cac con 16c dbi luu 16n tao ra su hinh thanh
ctia 6 dbi luu nho. Nhitng 6 dong hinh thanh c¢6 thé manh kéo theo mua d4, gio manh hodc d6i khi
thanh bio yéu.

Mirc d6 hoan hao nhat ciia mot & dbi lwu 4m duogc hinh thanh trong siéu 6 dong sét. Dong sét nay
dugc hinh thanh trong diéu kién khi quyén c6 CAPE 16n va d¢ dut cua gio ciing 16n.

O nay bao gom hai phan 1a dong thing va dong giang. Cac dong day ton tai & trang thai gan nhur
6on dinh. Ciing nhu cac 6 dong nho, cac 6 dong sét 16n nay lan truyén theo gi6 trung binh cta 16p may.
Su quay ciia dong thing thuong theo chiéu xody thuan va ving lanh ¢ mit dat chuyén dong gin chit
v6i dbi luu. Cac siéu 6 c6 thé tao ra 16c t6 va cac con 16¢ t manh nhét thuong xudt hién tir cac siéu 0.
Mot vai dang t6 chirc 6 cta cac dang khac nhau ctia dbi luu ¢6 mua dwoc biéu din trén hinh (1.117)
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Hinh 1.17 Ba dang t6 chtre 6 ciia ddi lvu c6 mura.
a/ D6i luu c6 mua rao thong thuong.
b/ Phan hdi ra da cta 6 dong sét nho & cac bude thoi gian lién tiép.
¢/ So @ chuyén dong ctia khong khi va mua ctia mot siéu 6 dong sét.
1.8. Cac to chirc quy md vira ciia doi luu.

béi luu thuong tao thanh mot cAu trac ¢ kich thude 16n hon nhiéu so v&i 6 dbi lwu. Hai dang
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thong thuong nhét cua cac hé théng d6i luu quy mé vira 1a duong dut va hé hdn hop d6i luu quy mé
vura. Ta xét ting loai trén.

1.8.1. Puwong dirt

D6 1a cac duong thang hodc dudng cong cia cac 6 dbi luu. Cac dudng nay dai tir 50 dén 1000 km.
Céac duong nay dich chuyén theo gié & hau hét hodc tat ca cac muc trong 16p may va cé cau tric hoan
toan xac dinh nhu trén hinh (1.18). Pudng dit ton tai vai gio trong khi d6 cac 6 dbi luu chéi ton tai tir
1/2 dén 1 gid. Cac 6 chu yéu dong thiang dugc hinh thanh & giai doan phat trién cta hé théng gan véi
dai mua rao tao ra giai doan phat trién cta ving lanh. Cac dong thing nay chuyén dong i trong dbi
v6i hé thdng song vi tri ciia chung trong céc 6 lai tién vé phia trudc. Cac khdi miy cua cac 6 tan ré tao
ra may tang rong 1on & phan trén cta tang dbi luu va duge goi 1a may bao bio. Phu thudce gioé cia moi
trudong may bao bao co thé trai rong dén mat froht hodc chum 1én hé théng hodac c4 hai.

Trung binh theo thoi gian dong khi ctua dudng dit bao gdm nhanh dong thang hinh thanh trong
16p bién ¢ phia trude clia hé thong, phia sau clia ving dong thang ddi lvu manh va ving may bao bdo &
phia trén cia ting d6i luu. Cac dong giang dwoc hinh thanh & khu vyc khong khi ¢ 0. thip ¢ giita ting
db6i luu khong khi nay co thé di vao hé thong tir cac suon, vao thoi gian hodc khong gian giita cac 6
dong thang hodc tir phia sau noi thudng gia thiét hinh thanh dong giang bén dudi 16p may bao bio.

Puong dit rat hay gip nhung trong diéu kién cu thé dd cho thi dudng dat, cum may 6 dong nhod
hay cac 6 siéu manh sé hinh thanh thi khong xac dinh dugc mot cach ro rang. Pay la mot kho khan cia
khi tuong.

1.8.2. Cum mady va h¢ hon hop déi lwu quy mé vira.

Mua rao d6i luu thudng hinh thanh cdc cum may véi kich thudce 16n hon nhiéu so véi chinh 6
dong. May béo bio do ¢ dong sinh ra c6 thé rong dén hang chui ngan km’. Néu nhu ¢dm may bao bio
d4 16n, da lanh va du tron trén anh vé tinh thi hé théng nay dugc goi hé hdn hop ddi luu quy mé vira. O
vi d6 trung binh hé thong niy thuong cho mua rao va giy lut 16n. O nhiét d6i cac cum may thuong
dimg trudce cac xoay thudn nhiét déi. Cling nhu cac dudng dut vé mit dong lyc cia cum may va hé hén
hop d6i lwu quy mé vira chua hiéu hét duoc. Dudng nhu cum mdy thé hién pha di 1én cua hoan luu quy
md 16n nhu séng Rosleg leon truyén trong khi quyén dbi luu.

1.9. Quén thé dbi luu

Tir lau di c6 quan diém coi dbi luu 14 mot qua trinh can bang thong ké, trong d6 cac dic tinh
thong ké (thi du van chuyén nhiét d6i luu) duge xem nhur nd c¢6 do dat can bairmg nhd lyc bén ngoai.
Mit khac ddi luu 4m thudng dugc coi 1a phan ng lai cia mét hé trung gian ddi véi sy nhidu dong.
Nhu vay ddi luu duoc tao ra con cach trang thai can bang rit xa. Kha ning ciia thé ning can trong ddi
luu 4m tao ra su ngan cach ddi luu véi trang thai can béng. Mot sd dang ddi Iwu Am nhu ddi lwu mau
dich, 16p bién may tang binh luu dwoc coi va md hinh héa nhu cic qua trinh can bang. Trong khi d6
nhiéu qua trinh khac lai xem nhu cac qua trinh di luu khong can bang. Nam 1974 Azakawa — Schu
bert da déng kin sy mo ta ddi luu bang giai thiét can bang thong ké ctia ning luong gidng nhuur dong
kin ddi v6i chuyén dong ti. Dbi luu ¢ nhiét doi duoc khép kin & trang thai cAn bantrg ning luong,
trong d6 nang luong ndi do cac qua trinh quy md 16n tao ra khi giai phong s€ can bﬁng véi sy tiéu tan
trong may. Didu nay dung trén quy mo khong gian va thoi gian 16n song khong ting dung duoc cho cac
0 may riéng biét. Tu ddy cho théy su khac biét gitta dong lyc ¢ may va quﬁn thé may khong 10 rang.

Kiém tra quan thé d6i luu vé vat 1y duoc tién hanh nhu sau: Trudc hét coi khong khi 16p bién khi
quyén 6n dinh dén dinh 16p bién. Gia thiét can bang thong ké cho phép cho bién ddi theo thoi gian cua
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su bat 6n dinh bang khong tuc 1a:
0

o (o —bbpr)=0 (1.93)

& day hy 12 ning luong tinh 4m ctia khong khi dudi may.
hy =(cpq +7ic1 )T +gz+ Lyt (1.94)

va

h* =(cpq +1ee; )T +gz+ Lt* (1.95)

O day C. 1a nhiét dung ctia nudc, T 13 ty s6 hdn hop bio hoa. Chi sb “b” 1a ky hiéu lap dudi may,
chi s6 PBL ky hiéu trén dinh 16p bién.

Trong 16p bién, ning lwong tinh 4m bi anh hudng béi cac dong bé mit, cac dong giang ddi luu tir
trén cao vao l6p bién, su cudn hat réi cua khong khi trén dinh 16p bién va sy lanh di do biic xa. Trén
16p bién, ning luong tinh 4m bdo hoa bi anh hudng truc tiép boi cac chuyén dong thing ding va su
lanh btic xa. Bé qua binh luu quang, tinh tat ca cac hiéu ung trén tu (1.93) co thé tim duoc biéu thirc
cho théng luong khéi lwong di 1én qua chan may My

My, = Wppp, + Cp | Vi | (h —hy )+ Heradu—a = 1j (1.96)
b

O day Wpp, 1a toc do thang quy mo 1on ¢ dinh 16p dudi may, M, 1a d sau ctia 16p nay. y, va vy, la
gradien doan nhiét kho va doan nhiét am cua nhiét do. cp 1a hé s6 trao d6i bé mat khong thu nguyén. V,
12 modul tdc d6 gid & mit dat, Quq 12 te d6 1am lanh buc xa & 16p dudi cia ting dbi lwu, hy 13 ning
luong tinh 4m bio hoa & mit bién, h,, 13 gia tri trung binh ctia ning lugng tinh 4m trén toan bd khong
khi di vao 16p dudi may tir bén trén co thé & trong dong gidng do mua hoic 1a trong khong khi ha
xubng do anh hudng cua 1am lanh birc xa. Gia trj cia Mg khong thé am.

Khi M, khéng am ddi luu duoc thich tmg ngay theo nguyén tic bao toan do bat 6n dinh cua khong
khi khi dwra n6 dén d6 cao thich hop ¢ bén trén dinh 16p dudi may. Diéu nay cho thiy thong lugng khdi
luong & chan may ty 18 véi tong cua téc do di 1én quy md 16n ¢ tinh 16p dudi may, gia tri cia dong
entholpy bé mit va toc d6 lanh burc xa. Pai lugng nay thay d6i phu thudc vao sy khac nhau ctia ning
luong tinh 4m ¢ 16p dudi may va & 16p giita ting ddi luu, noi hinh thanh dong giang. Biéu thua (1.96)
khong c6 nghia 1a giita téc d6 thing ding quy mo 16n va thong luong khdi luong dbi luu c¢6 quan hé
truc tiép.

1.10 1Phwong trinh trang thai ciia khong khi am chwa bio hoa va khong khi trong
may.

D6i v6i khong khi kho phuong trinh trang thai biéu didn mdi quan hé cta ap suat P, nhiét do T va
mat do p & dang.

P=PRT (1.97)

O day R 1a hang s khé riéng cho khong khi kho.

Dbi véi khong khi am chua bao hoa ngoai ba dai luong trén khong khi con chira mot lwong am.
Néu ta dung ty s6 hon hop hoi nudc 1 thi no 1a khéi lugng hoi nudc trong mot thé tich chira mot don vi
khéi luong khong khi kho. Phuong trinh trang thai cho khong khi am c6 dang
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T
3]
P =pRT>— 2L~ pRT (1+0,61r) (1.98)

(1+8)

O day € = R/R, = 0,6220. R, 14 hang s6 khi riéng cho hoi nudc. t phai ding ¢ dang khong thir
nguyén (kg/kg) hodc (g/g) trong cong thirc (1.98)
Céc dic trung khac cua do 4m khong khi dugc sir dung trong khi tugng déu c¢6 thé biéu dién qua
ty s0 hon hop t:
Ap suét hoi nudc (sirc truong hoi nuéc) day 1a ap suat do hoi nudc giy ra
p
E+T

Do 4m tuong dbi f=e/e” (T) x 100. O day ¢'(T) la ap suét hoi nuéc bio hoa.

Do am riéng q = 1a khéi lwong hoi nuée trong mot don vi khdi lwong khong khi am.

Nhiét do diém suong T4 1a nhiét 46 ma ¢ do phén ttr khi 1an dAu tién tré nén bao hoa do né bi lanh
di dang ap.

Nhiét do ctia nhiét ké u6t T, 1a nhiét d6 ¢ d6 phan tir khi trd 1én bio hoa khi no bi lanh di déng ap
do bay hoi nuéc 6 trong phan tir. Nhiét hoa hoi dugc lay tu phan tir khi.

Khéng khi trong may c6 thé coi 1a mot hé khong dong nhét. Mot cach gan dung cac hat may, tinh
thé bang hodc hat mua ¢ bat ky dang nao c6 thé roi trong trang thai lo Itrng véi toc do gidi han cia
minh. Thé tich riéng cua hé thong nay la:

o = Vd + Vg + Vi

My+M, +M, +M;

Cacchisdd, 1,1, v- ky hi€u cho khong khi kho, nudc, bang va hoi nude. Chia cho M, ta dugc:

oG foen

O day tr 1 ty s6 hdn hop tong cong clia nude noi chung.
Khi d6 thé tich riéng xac dinh dugc
L_RT 1 _RT Pyte 1

Py 1+t P Py 141

T

RT 1+ .
o=—
P 1+ T
Cong thirc (1.99) co6 thé viét vé dang
P
RT,

(1.99)

P (1.100)
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T
1+-—

Gday T,=T : & 1a nhiét do ty trong cho khong khi may.
+ %\

1.10. Cac qua trinh doan nhiét. Gradien doan nhiét cia nhiét do.

Nguyén ly thtr nhit cua nhiét dong luc hoc cho mdt phan tir khong khi 4m c6 thé viét ¢ dang:

dQ =C’,dT + Pda

hoac

dQ=C’pdT - adP (1.101)

O day dQ la dong nhap nhiét dén mot don vi khdi lwong cua thé tich khi.

Cv=Cv(1+0,941)

Cp=Cp(1+0,851)

1a nhiét dung riéng cua khong khi 4m déng tich va dang ap. Cv va Cp 1a cic dai luong twong tng
ddi véi khong khi kho.

Cv = 1410 Jkh" k!

Cp= 1870 Jkh k!

Dbi v6i cac qua trinh khong co dong nhap nhiét (dQ = 0) thi dwoc goi 1a qué trinh doan nhiét.
Thyc t€ ¢ day bo qua dong nhiét mat di do ma sat. Poi véi cac qua trinh nay (1.101) cé dang:

1

dlnTz[inlnP.
Cp

6dﬁyR’=R(1+rj/(l+t)
€

Déi voi cac qua trinh chua bdo hoa t 1 hang s6 ta l4y tich phan biéu thirc trén s& tim duoc.

lnT=(£jlnP+lnA
C'p

O day A 1a hang s tich phan. Xac dinh A theo diéu kién: Khi P = P, = 1000 may bay, T = 0 -
nhiét do thé vi. Khi d6 ta duoc:

P R’/C'p p i L
0= T(_Oj _ T(_oj Cp l+1cpv/e
P P
kl
GZT(%j (1.102)

O day k> =k (1 - 0,24 1) va k = R/c.
Bién dong cua k nho hon 1% nén thuong duoc bo qua.

Tuong tu ta c6 nhiét do thé vi 4o xac dinh bang biéu thirc:

k
0, =T, (&j (1.103)
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Vi T va 0 bao toan trong qua trinh thuén nghich nén 0, 1a bién bao toan di voi khong khi chua
bao hoa va no li€n quan tryc ti€p véi mat dg. Do vay sy khac nhau vé nhiét do the vi gia cta hai phan
ti khi & cung ap suat ty 1€ vdi su khac nhau nhiét do 4o ctia ching va thé vi n6 ty 1€ véi sy khac nhau
vi mat d§ cua chung.

Nguyén 1y thtr nhit c6 thé viét vao dang

dQ=d (U +Pa)-oadP=dk-adP

O day k = U + Pa duoc goi 1a entanpi riéng. N6 1a dai luong dic trung cho dung lugng nhiét & ap
suat nhat dinh va n6 bao toan néu ap suat khong thay doi. Boi véi chat khi Iy twong no 1a K = CpT.

Entanpi am cta phan tir khong khi may duogc xac dinh boi cong thirc:

Mgk =My kg + M, k, + Mcke.

khi d6: k =kq4 + 1k, + tele (1.104)

biéu dién cho mot don vi khdi lugng khong khi kho.

ViL,(T)=k,-k

nén k=ks+Ls+1rk
Odﬁy Tr=1T+T

vi kg=c¢, T, ke=c.T

nén k=(pt+trrc) T+Lyt

O day C, 1a nhiét dung riéng ctia nude 1ong. Entanpi 4am bao toan trong cac qué trinh dang ap néu
dg=0vadrr=0

1.11. Nuée va s chuyén pha ciia nuwée

Khi hoi nudc ngung két hodc nudc long dong bang thi 4n nhiét dugc giai phong con khi biang tan
hay nudc bay hoi an nhiét ti€éu thu. Chuyén pha dugc gia thiét xdy ra mét cach thuan nghich, tic 1a &
mot nhi¢t d§ va ap suat nhat dinh hai pha cta nudc ¢ trang thai can bang.

An nhiét lién quan véi sy chuyén pha cua thyc thé duoc xac dinh bé'mg hi€u cua dung lugng nhiét
hodc entanpi cta hia pha.

Liii=k; - ki

O day cac chi s6 ky hiéu hai pha.

Thay biéu thirc ctia entanpi vao ta tim duoc

L;, ii = Lj, iio + (Cpii - Cyi) (T - 273,16)

O day L, iio 12 an nhiét ¢ diém chap ba (T =273, 16 °k = 0,01°c va e = 6,112 mb). Tai day ba pha
nudc hoi, bang can bang.

Ap suét va nhiét do tai d6 hai pha can bang dugc xac dinh boi phuong trinh clausiuss - clapey on

( dq ] _ L

dt Jy; T (o — o)
Déi v6i hai pha nudce va hoi nude do o, << o, ddng thoi sir dung phuong trinh trang thai ctia chat

khi Iy tuong cho hoi nudce ta tim dugc:
dE  L,E
dT R, T2

(1.105)
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O day E (T) 1a sy truong hoi nudc bao hoa ¢ nhiét do T, L, 1a an nhiét hoa hoi.
Ta c6 thé tich phan phuong trinh trén dé tim E, song trén thuc té thuong sir dung cac cong thirc
thuc nghiém:

6111,72784

In E=23,33086 - +0,15215 InT

O day E do bang mb va T la d¢ k. Khi khong khi chua bio hoa cin tim ap suat hoi nuéc thi ta
thay nhiét do di€ém suong vao cac cong thirc trén d¢ tinh.

1.12. Entropi 4m

Tuong ty nhu dinh nghia entranpi ta xac dinh entropi riéng tong cong d6i voi mot don vi khdi
luong khong khi kho S:

S=g+1Sy+7 5 (1.106)
O day S, Sy, Si 14 entropi riéng cta khong khi khd, hoi nudc va nudc 1ong tuong tmg.
Ta thay L, = T(Sf, - Sl) vao s€ rut ra: (1.106)
Lyt
S=Sd+rTSI+TV+r(SV—S’{,) (1.107)
Ta thay

Sd=CpInT-R InPd
Sv=CpvInT-Rvine
Sl=c¢; InT - RvIn e*

vao cong thure trén va bién d6i s€ nhan dugc:

L
S=(Cp+1rC) InT -R InPy+ 'IV‘T +tR,Inf (1.108)

Entropi dugc xac dinh bai qua trinh trong dé nhiét va thyc thé nudc duge bo xung vao khong khi
de cho khong khi dugc gilt ¢ trang thai bao hoa do bay hoi thuan nghich tir mat nuéc phang trong khi
nhiét do ta xét va ap suat riéng Pd dén trang thai (T, Pd).

Pai lugng S dugc bao toan trong qué trinh bién d6i doan nhiét 4m thuan nghich. Cac diéu kién ma
0 do dai lugng nay khong bao toan gom co:

- Khi ¢6 ngudn nhiét bén ngoai (dQ=0) lién quan dén sy nong 1én hay lanh di do birc xa hodc dan
nhiét.

- Khi ¢6 bay hoi tir ngoai thi du tir dai dwong hay ao ho.

- Khi ¢6 bay hoi hat mua vao khong khi chua bao hoa.

Biéu thirc (1.108) c6 thanh phan cudi cing bang khong khi f = 1 hodc © = 0. Dang vi phan cua
(1.108) cho phéan tir khong khi may s€ 1a:

ds = (CP + T Cl)£ + d(LVT* ) -R de

T T Pd

Phuong trinh nay c6 thé bién ddi vé dang tién loi hon. Két hop phuong trinh Clasius — Clapeizon
va phuong trinh
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dL, _
dT

gia thiét tong lugng nudc duoc bao toan trong qua trinh nay tirc 1a:

C

_Cl

pv

dt*+dt =0
phuong trinh trén c6 thé viét vé dang:

dT L,z
dSZ(CP+’ETCPV)T —d( :flj—

de* de
- R—4 (1.109)
e Pd
Dé nhan duoc phuong trinh & dang d6i ximg hon ta da vao cac dic trung trung binh Cpp, R, q*,

T RV

qi sau:
(1 + ’ET)Cpm =Cp +TCpy + 1101

(L+tr)epm =R+ Ry)

* — T
1+ %)
T
q=—+:
1+ (%)
Véi cac dic trung trén phuong trinh (1.110) bién d6i vé dang:
ds dT L d
——=Cpm 7 — o Aq” ~Rm4 (1.111)
1+ %\ T T
hoac ¢ dang
ds dT L,

dp
————=Cyy — ——dq; —Rm— (1.112)
l+tp T T : p
Ta xét hai dai luong: nhiét thé vi tuong duong bao ham 0. va nhiét do thé vi nude long 0. Hai
dai lugng nay xac dinh boi cac phuong trinh sau:
doe; dT L d
Com —x = Cpm v T - dq” —Rm—p
0: T T
va
do dT L d
cpm—e_cpm—+—vdq1—Rm—p (1.113)
0, T T p
Khi ds = 0 tirc 1a qua trinh doan nhiét thuan nghich thi 0. va 0, bao toan
Emanuel d3 x4c dinh nhiét do thé vi tuong duong cho khong khi bdo hoa va khong bao hoa béng
cach thay s trong cong thirc (1.108) bang (cp + tr C)) In 6, — R In Po: (¢ diéu kién chudn P = 1000

may bay)
R
0, = T(&JCPHTCI exp LT (1.114)
Pd (Cp + T Cl)
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Khi khong khi kho (t = 0, T, = 0) thi 6, trd thanh nhiét d¢ thé vi 6.

Ddi voi 6 Emanuel dd nhan dugce biéu thire

A A -y
ST
P e T (1.115)

(e
(Cp-l"ETCpV)F

O day:
_ R+t Ry,
Cp+IT Cpy

%) RV

Cp + T va

D6i voi khong khi bdo hoa cac biéu thic (1.114) va (1.115) nhan dugc bang cach tich phan
(1.115)

Emanual con x&c dinh nhiét d6 thé vi 4o nudc 1dng 0y,:

X T T -1
o=t [ )
P 1+’CT €+ 1T

x—1 L
(1 —ij exp v Tl (1.116)
T (Cp + 7T CpV)T

Khi t;=0 thi 6; =0 va 6;, = 0,.

Ba dai lugng 6., 6, va 0), bao toan trong cac qua trinh doan nhiét thuan nghich bao g@)m ca bién
dbi trang thai ctia khong khi chwa bdo hoa va khong khi may. Céc dai lwong nay 1a ham cua P, T, T va
T, vi vy cac dudng cong biéu dién cic qua trinh thuan nghich doan nhiét khong thé in trén gidn do
thién khi. Vi vy chi tinh duoc mot cach gin dang d6 1a dbi v6i cac qua trinh bdo hoa © = t* (P, T).
Néu ta bo qua dai lugng nho 7. thi khi tich phan cic phuong trinh nhiét dong luc ta co thé tim duoc
biéu thuc gé‘m dang cho 0., 0, va 0;,. Cac dai lugng nay la ham ctia P va T, va khi d6 ta co thé in trén
gian d6 thién khi. Cac qua trinh doan nhiét, trong d6 nudc & thé long duge bo qua duoc coi nhu cac

qua trinh doan nhiét gia.

Cong thire thuc nghiém dé tinh nhiét do thé vi gia 0., do Bolton dua ra (1980) c6 dang:

0,2854
eep _T Po 1-0,281 exp
p
{1(1 + 0,81r)[3376 ~ 2,54]}
LCL

O day Tycz 1a nhiét d6 & muc ngung két, P do bang may bay.
Nhiét do thé vi twong duong gia 1a nhiét 6 thé vi ma phan tir khi c6 duoc néu nhu né di 1én doan
nhiét gia cho t6i myuc ma & d6 toan bd hoi nude ngung két hét va
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So sanh (1.102) va (1.115) cho thdy 6 = 0 khi 7, = 0. Tir day ta co6 thé giai thich nhiét d6 thé vi
nudc 1ong nhu nhiét d thé vi néu nhu bay hoi toan bd nude 1ong trong phan tir khi ha xudng thuan
nghich am.

Vi 0, chi phu thudc vao P va T nén cic dudong dang tu ciia né c6 thé in trén gian d6 thién khi. Cac
dudng ding tri danh d4u boi nhiét d6 cia n6 & 1000 may bay goi 1a nhiét do thé vi ctia nhiét ké am 0,,.
Gitra O, va 0y, lién h¢ voi nhau béng cong thure:

Oep = Oy €xp [r' (1 +0,81 t,)(SgﬂG — 2,54}} (1.117)

w

oday v =1* (1000, 6,)

Dbi vai 16p khong khi day vai km thi nhiét dung riéng trung binh 1y bang nhiét dung riéng cua
khong khi kho cpy, = cp va hing sb khi hing s khi riéng trung binh bang hing sb khi riéng Rm = R.
Khi d6 phuong trinh (1.113) c6 dang:

0, 6 T
de, e L,
_ L = p—s |

Cp 91 Cp 0 T T]

Cp

*

S L
Gia thidt: —Y-dr" =d| ="
T T
Ly ge, a0
T T

Céc phuong trinh trén c6 thé tich phan va tim dugc

0} ~ 0 exp Lyt
cp T

0; = 0 exp (— Lvtlj

T

Cai gan dang nay co thé dung dé phan tich may déi luu nong va may strocumulus Berts (1982) da
dua ra cac cong thuc thyc nghiém.

6% ~ 0 exp (2,671 j

0, ~0exp [— 26Ty j

T

1.13. Gradien doan nhiét cia nhiét dg.

Khi ph'?ln tr khi di 1én doan nhiét nd s€ gidn nd va lanh di, nhiét do thé vi 4o cua n6 duge bao
toan. Mirc d6 lanh di cta phan tir theo do cao goi 1a gradien doan nhiét kho v,. Tir phuong trinh cao
qua trinh doan nhiét kho ta tim dugc
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(de g 1l+r7
Yo =—| — = (1.118)
dz dqQ=0 Cp 1+ Tcﬂ
Cp
Dai luong ty s6 hdn hop T dugc béo toan trong qué trinh di 1én nhung ty s6 hdn hop bdo hoa giam
di vi e* (T) giam nhanh hon ap suit. Cudi cling phan tir tré' thanh bio hoa khi t = t* (T,P). Myc ma &
d6 bado hoa xay ra dugc goi 1a muc ngung két di 1én L C L (lifting condensation level). Nhiét d6 ma &
d6 xudt hién bao hoa Ty duoc tinh béng cong thie thuc nghiém vai do chinh xac 0,1°C

-1
)
+ + 56

Td -56 800

Ticr = (1.119)

O day T\ va Tq 1a nhiét d6 va diém suong ciia phan tir chwa bio hoa ¢ thang do tuyét dbi.

Pay 1a cong thire do Bolton dé xuat nam 1980

Khong khi 4m bao hoa di 1én giam nhiét d6 cham hon khéng khi kho do toa nhiét ngung két. Ta
c6 thé tim dugc gradien cia nhiét do trong truong hop doan nhiét & dang

| |
Lyt
__(ﬂj _g l+7 "t RY
am gz ) e c T
s “p 1y PV sz(l+]r
° [1+7 D4 ¢
| Cp + Cpy R,T? (cp + rch)J

Khi tong nude 16ng nho thi
Yam ~1 (1.120)
Ya
Khi khi quyén 4m thi ty s6 nay nho hon 1 nhiéu.
1.14. Niing lwong tinh Am
Phuong trinh nguyén Iy thtr nhét cia nhiét dong luc hoc cho mot don vi khdi lwong khong khi kho

c6 dang
dQ=dK - a4dP = (1.121)
Dbi v6i qua trinh doan nhiét dQ = 0 ta co:
dK - 0gdP =0 (1.122)
Ta thay a4 = o (1 + t7) va st dung phuong trinh tinh hoc
odP = -gdz
dé bién dbi (1.122) s& duoc
dh=(Cp+1rC) T+d([Lvr)+ (1 +1r)gdz=0 (1.123)
Néu zr dugc bao toan ta c6 thé tich phan phuong trinh (1.123) va tim duoc
H=(Cp+1tC) T+ Lyt + (1 +17) gZ=con St (1.124)

53



Dai lugng h dugc goi 1a ning luong tinh am. Pai luong nay bao toan trong qua trinh bién d6i doan
nhiét bao hoa hoac khong bao hoa ma & do khodi lugng dugc bao toan va bién doi ap suat thdéa man
thuy tinh mot cach chinh xéc h 1a dai lwgng dac trung cho tong nang luong (ndi nang + tiém nang + the
nang) trr dong nang.

D6i véi khong khi chua bdo hoa thi ning lwgng tinh kho hoat dong dugc bao toan trong bién doi
thoa man thuy tinh hoc va chua bao hoa.

ha=(cp+tc) T+ (17)gz (1.125)

Céc dai luong hy va h lién quan chat tré vai cac bién 0 va 0, tuong ung.

Ta dua ra khai niém vé ning luong tinh nudc 10ng hy, va ning luong tinh nudc 1ong 4o hy, xac
dinh bang cac cong thuc sau:

hy=(cp+ 1 Cpy)T-Ly7y+ (1 +17) 22

hw = (CP +Tp ch)T Lyt +(1+1p ez

e+ L 1.126
th = Cp T Tp — v + g7 ( )
E+Tp — Ty 1+ 1p

Pai lugng hy, gin nhu bao toan chinh xac trong qua trinh bién doi doan nhiét cham. Trong khong
khi khong chira nudce 1ong hy, tré thanh CpT,, + gz.

1.15. Bat on dinh ciia khi quyén.

Dé danh gia d6 6n dinh cta khi quyén cach thuong ding 1a xét su dich chuyén thing ding cua
phan ta khi tir vi tri cAn bang ctia nd. Ta tinh luc ndi tac dong 1én phan tir khi & vi tri méi cta né véi
gia thiét 14 Iyc nay 16n so véi nhiéu dong cua gradien ap sudt.

Dich chuyén cua phan tir c6 khéi lwong 1a mét don vi theo phuong thing ding & dugc biéu dién
boi phuong trinh cho momen thing dimg:

dze
——=0 (1.127)
dt2
O day & 1a luc ndi tac dong 1én 1 don vi khéi luong. Luc nay c6 thé viét & dang.
Py —P o, —a

o(¢)=—g =g "

Pp Aa

A re . R 5 < re A M aG N r
Doi voi su dich chuyén nhé £ tir trang thai can bang 6(C) = a—& thi (1.127) c6 dang:
Z

d2
6 +N2=0 (1.128)
dt2

oo
o day N2 =——

0z

Khi N? O thi lyc ndi ngugc chiéu voi huéng chuyén dong ctia phan tir khi khi d6 phwong trinh mo
ta dao dong véi tin s6 ndi N (tin sé Brant — vaisala). Khi N* < 0 lyc ndi cung chiu véi chiéu dich
chuyén cua phén tir, nghiém sé& phat trién theo thoi gian theo ham mii co s6 e. Trudng hop nay su dich
chuyén 14 bat 6n dinh. Khi N = 0 thi Iyc ndi bang khong, phan tir dich chuyén s& trd lai vi tri ban dau.

Trong truong hop nay dich chuyén s& 14 can bang phiém dinh.

Ta s& biéu dién N qua profil cia nhiét d6 méi truong. Gia thiét 1a sy dich chuyén xay ra doan
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nhiét, st dung phuong trinh trang thai ta c6

T,, - T
G(&)Zg VpT Va:ge eVa

va eva

vp

Viopla héng s6, mot cach gén dlng ta thay n6 béng 0., nén ta tim duogc
00 B 9Vp 004 _ 8 004

N2 =—""= . ~
oz 202 oz 6, oz

(1.129)

va

Ova

. . 00
ma N? ¢6 thé am, duong hay bang khong, tic 1a —2 > 0 sy dich

Nhu vay phu thude
0z OZ

. . . 00 C 00 . .
chuyén cta phan tir 1a 6n dinh, ava <0 - bat 6n dinh va ava =0 - trang thai cAn bang phiém
Z v/

dinh

Pay 1a tiéu chuan dé danh gia d on dinh cta 16p khi quyén. Néu phan tir khi ¢ trong 16p khi bdo
hoa (trong may) thi sir dung entropi 4m va nhiét do mat do dé tinh lyc ndi ctia phan tir. Trong truong
hop nay biéu thirc cho N? ¢6 dang:

Nzo_ 1 { as_(cgyalnT+G)ag—T} (1.130)
Z

= ’YA") _—
1+ %\ am 0z
J 0s aTT . ; 2 A x 1x A . I . 2 X
Néu 8_ > 0; 8_ < 0 16p khi quyén trong may s& 1a 6n dinh doi voi su di chuyén nho cta
v/ V/
phén tir khi.

Diéu kién (1.130) chi sir dung cho 16p khong khi may song n6 khong cho ta thong tin gi vé mirc
d0, xac dinh cua bat 6n dinh cta 16p khong khi chwa bao hoa ma 16p nay sé tao ra may. Dé nghién ctru
su bat 6n dinh ta sir dung phuong phap phan tir nhung phai coi su dich chuyén hitu han cua phan ti
hinh thanh tr [6p chua bao hoa.

Truong hop dién hinh 13 truong hop trong d6 sy dich chuyén 1a 6n dinh va lam cho phan tir &
trang thai khong bao hoa nhung né s& trd nén bat 6n dinh néu xuét hién bio hoa.

Truong hop nay dugc coi la bét 6n dinh c6 diéu kién hodc 6n dinh trung gian. Dé kiém tra bat dn
dinh ¢6 diéu kién chung ta khao sat lyc ndi cua phﬁn tir chwa bdo hoa ban dau nhu ham cua dd cao khi
phan tir duoc nang 1én qua ting di luu voi gia thiét thoa mian mot qua trinh nhiét dong lyc nao d6 (vi
du nhu doan nhiét 4m hodc doan nhiét gia). Néu nhu ¢6 d6 cao nao d6 ma & do6 luc ndi duong thi ta néi
su dich chuyén 1a bat 6n dinh c6 diéu kién. Néu nhu mot s6 phﬁn tur trong khi quyén chua bdo hoa la
bat on dinh ¢ diéu kién thi ta nbi khi quyén 1a bat 6n dinh c6 diéu kién. Bat 6n dinh c6 diéu kién can
thiét cho viéc hinh thanh may ddi luu sau. Sy bét én dinh duoc giam di phu thudc vao sy nang 1én du
16n ctia cac phan tir. Su giai phong bat 6n dinh co diéu kién doi hoi phai ¢6 su kich dong ban dau véi
bién do nhit dinh.

Dé nghién ctru bit on dinh c6 didu kién nguoi ta thuong sir dung gian d6 thién khi (hinh 1.18)
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Hinh 1.18. Gian db thién khi truc ngang 1a nhiét d6. Truc dung 1a log P.

Phén tir & dinh cta 16p siéu doan nhiét c6 ty s6 hdn hop 1a 10 g/kg, nhiét do thé vi 30°C. Néu nhu
phéan tir nay di 1én doan nhiét thi cac dic trung trén dudi bao toan va myc ngung két LCL 6 khoang
790 may bay. Tai muc ndy né lanh hon nhiét d6 méi trudng. Néu nhu phan tir duoc day 1én theo dudng
doan nhiét gia trén myc nay thi trang thai cia né theo duong doan nhiét gia di qua myc ngung két LCL
(duong lién dam song song v&i dudng dirt co danh s6 20° & 1000 may bay). O khoang 740 may bay nd
tr& nén néng hon méi truong, do 1a diém cit ciia duong doan nhiét gia va duong phéan ting cia khi
quyén. Muc nay goi 1a myc d6i luu tu do (LEC — level of free convection). Sau d6 phan tir c6 thé di 1én
tu do dudi tac dong cua lyc ndi dwong cua minh cho dén khi né dat muc d6 ndi trung tinh (level of
neutrat buoyancy — LNB) & khoang 240 may bay. Trén muc ndy d6 ndi ctia né am va phan tir chuyén
dong cham dan. Trén thuc té sy chdm dan nay tuong d6i nhanh va muc d6 ndi trung tinh (LNB) 1a d6
cao cao nhat may tich co thé dat t6i duoc 16p ddi luu tu do cua nd (LFC). Thyc t& muc ddi luu tu do
(LFC) va myc ndi trung tinh (LNB) giam di néu nhu phén tir x40 tron v6i khong khi lanh hon hodc kho
hon tir méi truong. Theo s6 liéu tham sat thi LNB thdp hon, n6 nam & gitra muc 450 va 380 may bay.
Pay 1a 16p twong ddi 6n dinh.

Dién tich gi6i han boi duong phan tir di 1én va duong phan tang tir myc dbi luu tw do cta phan tir
dén muc da ndi trung tinh duoc goi 1a dién tich dwong va no ty 1& véi dong nang ma dong ning nay cd
thé duoc sinh ra do Iyc ndi duong giita cac myc nay khi bo qua cac hidu ing ma sat, giai phong nhiét
an do déng bang v.v. Néu phan tor & muc ddi luu tu do c6 tée dd thang Wi gc thi tai muc ndi trung tinh
(LNB) s¢ dat tc do

WLNB = WLFC + 4 2.PA

o day
Prrc

PA= [ (Ty,-T,)RdInP (1.131)
PLNB

Néu nhu qua trinh di 1én 1a thuan nghich thi ta phai thay T.p béng Tep trong cong thirc trén. Nhu
vay bat 6n dinh c6 diéu kién phu thudc ca vao qua trinh di 1én da dugc gia thiét.
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Nhin chung can phai thuc hién cong dé dwa phan tir di 1én muc ddi luu ty do. Luong cong nay ty
1¢ v6i dién tich gidi han boi duong phan tir di 1én va duong phén tang ctia moi truong giita muc phan
tir va moi LFC cua né. Dién tich nay duoc goi 1a dién tich am (NA) hoac goi 1a d6 ngan chan ddi luu
(convective inhibition CIN).

Ppacel

NA=CIN=- [ (T,,-T,,)RdInP
PLrC
Luong ning luong ma nd cn giai phong do ning phan tir tir muc ban du cia né dén muc ndi
phiém dinh goi 13 niang luong thé ning dbi luu c6 thé (convective available potentical energy CAPE).
Gia tri CAPE va CIN cua phin tir ning 1én tir cic d6 cao khac nhau duogc biéu dién trén bang 1.1.
Bang 1.1. Gia tri CAPE va CIN

b6 cao cua Qua trinh doan nhiét gia di lén Qua trinh thuan nghich di 1én
phan tr nang lén
(m)

CAPE J/kg CIN J/kg CAPE J/kg CINJ/kg

Mat dét 1837 0 1311 0

100 390 20 115 23

200 339 23 91 26

400 218 32 22 37

500 203 31 15 37
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CHUONG 2. THAM SO HOA DOI LUU MAY TiCH
2.1. Anh hwéng ciia may tinh dén cdc qua trinh quy mé 16m
Mdi dic trung cua cac qua trinh quy md 16n & mot diém c6 thé xem 1a téng cuia gia tri trung binh
theo dién tich ma tdm cua né 1a diém ta xét va do 1éch cua né khoi gia tri trung binh nay. Ddi véi bat
ky dai lugng X ndo déu thoa min cong thirc:

X=X+X"(@1)
vOl:
- 1
X=—|xdA (2.2)
A

Dién tich A phai du 16n dé chita dwoc quan thé may tich va né lai phai da nho dé chi 1a mot phan
ctia nhiéu dong quy mé 1on.

Phuong trinh nhap nhiét va am trong h¢ toa d0 (x, y, p, t) c6 dang:

§+V.sv+as—m—QR+L6*+Lw—i (2.3)
ot op So 0Op
a—q+V.qV+aq—w—_*—(c—e)—iq'0)' (2.4)
ot op op

O day QR 12 ngudn nhap nhiét birc xa trung binh. C"la tbe d6 ngung két hoi nudc do cac
chuyén dong quy mé 16n gay ra. C 1a tbe d6 ngung két hoi nude do ddi luu, e 1a téc do bay hoi cac hat
may, q la d§ am riéng.

S=CqT+gz (2.5)

1a nang luong tinh cua khong khi kho. Dbi v6i khong khi am thi ta sir dung ning ludng tinh va

khong khi am
h=S=1Lq (2.6)

O day L 1a nhiét hoa hoi cta nudc.

Gia st cac 46 lach S°, ¢°, h’, o déu do d6i luu gay ra khi d6 cac thong lugng ddi Iuu cua nang
ludng tinh kho, nang ludng tinh am va d6 &m dugc xac dinh.

' 1

- =-

05
w
2|
wn|
el

1 '

® -h

=
: |
e

el

—go=-qo-qo (2.7
Ta xét mot don vi dién tich cua mat dflng ap. Goi phﬁn dién tich cta bé mat bi ddm may i chiém
giit 1 o, cua tit ca cac ddm may 13 o, ta co:
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=) C; (2.8)

1
Theo dinh nghia vé trung binh theo dién tich ta co:

So=(1-6)S&+Y o;8 0, (29
1
§=(1-G)§+Z GiSi
S=S+% (Si-§)oi (2.10)
1

O day S; va § la nang ludng tinh cua khéng khi kho trong ddm may i va ciia mdi trudng quanh
may, ky hiéu gach bén trén la trung binh theo dién tich.
Theo (2.10) dbi véi twong ti téc d6 thing dung ta ciing co:
®=0+Y (0, -d)o; 2.11)

1

thay (2.9), (2.10) va (2.7) ta duoc
_QZ - ZGi (oi(Si —§)+ (T)ZGi(Si _§)
+Z"i(si —g)-ZGi(mi - ) (2.12)

Theo s6 liéu quan tric thi phan troi bao pht may chi chiém khoang 2%, nhu véy ta ¢6 6> << 1 va
|(TJ| << |0)i| . Trong biéu thirc (2.12) ta c6 thé bé qua thanh phan tich cua cac dai lugng nho va tim duge

hé thire:
~So' =Y mi(Si - §) (2.13)
i

O day ky hiéu

m; = -0 ®;

Tathay: ®= @ = @%
dt dz dt

® = -pgw

vao biéu thirc ciia mi va ky hiéu thong lugng khdi lwong trong dam may i 1a M;:

Mi=p o W;
thi ta s€ co
mi =g Mi

Nhu vay mi 1a thong luong khédi lwong trong ddm mdy i nhan véi gia toc trong truong.

Tuong tu ta co:

~q'0'=Y mi(q; -§) (2.14)
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Thay (2.13), (2.14) vao phuong trinh (2.4), cho § =Sva q =q b6 cac dau trung binh di ta nhan
dugc cac phuong trinh du béo cac dai lwong trung binh quy mé 16n S va h ¢6 tinh dén anh huéng cua
d6i luu may tinh.

§+V.sv+as—w=QR +LC*—L(c—e)+iZ m; (s; — ) (2.15)
ot op op 3
0 0 * 0
—q+V.qV+ﬂ:C —(c—e)+—3 mj(q; —q) (2.16)
ot op op i
O day gia thiét
V.sv=V.sVv
V.qv=V.qvVv (2.17)
Tuong tu cic phuong trinh chuyén dong theo truc ox va oy khi tinh anh huéng cia ddi luu s& c6
dang:
@+V.V.v+m@=Vp—lkxv+iz mi(vi—v) (2.18)
ot op op ;3

O day v 1a véc to theo phuong ngang

Anh huéng ctia dbi lvu may tich chi yéu dén truong nhiét va truong am, vi thé trong cac moé hinh
du bao nguoi ta thuong tinh chung trong cic phwong trinh nhiét va phwong trinh du bao 4m. Trong céc
phuong trinh nay chira cic dic trung ctia may tich. Dé tinh anh hudng ciia ching dén céc qua trinh quy
mb 16n ta tién hanh tham s6 hoa tc 1a tinh cac dic trung may qua cac truong quy mé 16n.

Ngiy nay ton tai nhidu phuwong phap tham sé hoa cac qua trinh d6i luu. Trén co s& gidng nhau va
khac nhau ctia nguyén 1y dat va giai bai toan ngudi ta chia chiing thanh ba nhém: phwong phap tham sé
hoa dya trén gia thiét thich ing di luu (convective adju stment). Phuong phap dua trén gia thiét bat 6n
dinh loai hai (conditional intability of the second kind - CISK) va phuong phap dua trén gia thiét van
chuyén ddi Iuu cta cac phan tir ndi an (convective transport by implict buoyant element - Contribe)
phan day sé trinh bay cac phuong phap ké trén:

2.2. Phuong phap thich wng d6i luu

Gradien thang dimg cua nhiét d6 13 tiéu chudn thuan tién didc trung cho trang thai khi quyén. Néu
nhu gradien nhiét d6 nho hon gradien doan nhiét (y < y,) thi can bang 1a 6n dinh, nguoc lai can bang la
bat 6n dinh. Gradien thang dung cta nhiét do duoc 1ay trung binh theo dién tich khoang vai chuc Km®
hoic theo thoi gian vai gio ¢ trong khi quyén ty do thi nd nho hon gradien doan nhiét. Ta biét ting qua
trinh birc xa va mot s6 qua trinh khac trong khi quyén dan dén phan tang khi quyén véi gradien nhiét
d6 16n hon v,. Chuyén dong dbi luu van chuyén khong khi 4m va nong hon tir phia dudi 1én trén cao
ddng thoi tao ra su chuyén dong giang ciia khong khi kho hon, lanh hon tir trén cao xubng dudi cac
qué trinh trén 1am cao phan tang cuia khi quyén tré nén trung hoa (y = y,). Qué trinh niy xay ra tuong
dbi nhanh va dugc goi 1a thich tmg ddi luu. D4i luu xdy ra dong thoi voi ngung két hoi nude duoc goi
1a d6i lvu 4m. Trong truong hop nay vai tro cua gradien doan nhiét kho duoc thay biang gradien doan
nhiét 4m cta nhiét d6 y am. Trong khi quyén am, d6i luu s& lam thay ddi profile nhiét do thé vi trong

00, 0.
0z

duong 0, cho dén khi gradien thing ding ciia n6 bang khong

Truong hop v6i hai dang d6i luu, thich tng déi luu dugc chia thanh thich tng ddi luu kho va
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thich tmg dbi luu am.

So d6 thich tmg d6i luu dau tién dugc Manabe S., Smagazinsky J., Stricklez R. dé sudt vao nim
1965.

So d6 nay dau tién dugc str dung trong mé hinh hoan luu khi quyén, sau d6 dugc st dung trong
cac mo hinh dy bdo s0 tri va trong cac moé hinh xody thuan nhi¢t doi. Ta xét ban chat cia phuong phap
thich tng doi Iuu.

2.2.1. Thich irng doi luu kho

Céc gia thiét chinh duoc str dung trong so do thich ing di luu ctia Manabe nhu sau:

a/ Khi gradien nhiét do trong 16p khi quyén chua bio hoa vuot khoi gradien doan nhiét kho, dbi
luu ty do phat trién dd manh d€ lam cho gradien nhiét d¢ thé vi bang khong.

b/ Bong nang do ddi luu tao ra tién tan chuyén ngay thanh nhiét tirc 1a thé ning téng cong khong
thay doi.

¢/ So d6 khong ap dung cho 16p khi quyén sat dét noi thuong c6 dbi luu cudng bic.

Cac qua trinh nay dugc mo ta boi cac phuong trinh sau:

99 (T+8T,p)=0 (2.19)
op

Cp Pr
P sTdP=0 (220
& Pp

O day Pg va Py 13 ap sudt ¢ bién dudi va bién trén cua 16p bat 6n dinh, 8T 1a bién d6i nhiét d6 do
thich tmg dbi luu. Dé xac dinh bién d6i nhiét d6 ¢ timg muc trong 16p chira n myc thi can giai (n-1)
phuong trinh dang (2.19) viét cho (n-1) muc cing v6i phuong trinh (2.20). Céac 16p nhu thé nay trong
khi quyén c6 thé co vai 16p. Sau khi ap dung thich ing ddi luu nhiét d6 khong khi trén bién cta cac 16p
thay doi. Piéu nay dan dén 1am thay ddi gradien nhiét do trong cac 16p bén canh. Sy thay doi nay co
thé 1am xuét hién bat 6n dinh trong cac 16p bén canh. Khi d6 qua trinh thich ing dugc ldp lai cho dén
khi toan bd cot khi quyén ¢ trang thai 6n dinh hodc cin bang phiém dinh (y <1v,).

Dé chinh xac hoa diéu kién xudt hién dbi luu trong khi quyén 4m ngudi ta dua vao hiéu chinh 4o
trong chi tiéu bat 6n dinh. Thich tmg ddi luu xay ra khi théa méan diéu kién.

0
Y>v, —0,61 X
0z

Theo d4nh gi thi hiéu chinh nay nho hon y, khoang 50 lan d6i v6i khi quyén tu do & nhiét déi.

Nhuoc diém ciia phuong phép thich ting d6i luu kho 13 profil ty sé hdn hop khong thay doi khi
nhiét d6 thay dbi.

2.2.2. Thich ikng d6i lwu idm

Dé tim chi tiéu xuét hién dbi luu 4m va ca ddi luu kho bang 1y thuyét thi khong thanh cong. Bang
phwong phép thuc nghiém cac tic gia khac nhau tim dugc cac chi tidu khac nhau song tat ca déu gan
nhu giéng véi quan diém ciia Manabe (1965). Theo Manabe thi cac gia thiét chinh cho d6i lyu 4m la.

a/ Khi gradien nhiét d6 trong 16p khong khi bdo hoa vuot khoi gradien doan nhiét am, dbi luu tyr
do phat trién du manh dé lam cho gradien nhiét do thé vi tuong duong bang khong.
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b/ D6 am tuong dbi khong khi nao vuot qua 100%
¢/ Pong ning ciia xody quy md nhoé do ddi luu tao ra bi tiéu tin ngay va chuyén thanh nhiét.
d/ Toan bd nudce ngung két trong qua trinh dbi luu 4m véi ¢ dudi dang mua ngay tirc khic.
V& toan hoc diéu kién xuat hién ddi luu 4m c6 thé viét & dang.
Y>1e (221)
g>q=k.q (2.22)
O day v, 1a gradien nhiét do tiéu chuan k 13 hé s6 thuc nghiém (k < 1)
Ta ky hiéu bién d6i nhiét do va do am do thich tmg d6i luu 1a 8T va 8q. Khi d6 sau khi 4p dung
thich ung d6i luu am s€ thda man cac dicu kién sau:

iee (T +8T,q +8q,p)=0 (2.23)
op
q+8q=k q (2.24)

Pp
[ (cp 8T +L3q)dP=0 (225

P
Gradien nhiét d6 sau khi tién hanh thich tng d6i luu am duoc xac dinh béi cong thirc:
0,622 L e,
or RT PH%e™ pp 026)
oP 0,622 L de '
aP CpP P+ T, ’ S
Cp dT

O day euphemism; 1a sirc trong bdo hoa, T, = 1. Trén thyc té ldy t. = 0,8.

Luong mua dugc tinh theo cong thirc sau:
15

M=-— | 8qdP
g0

O day P; 1a ap suat mat dat.

Ap dung phuong phap thich ing d6i luu 4m trong cac md hinh sé tri gap phai mot s6 khé khan
lién quan dén chi tiéu xuét hién d6i luu 4m va hiéu Gmg cia phuong phap. Mot cach hop 1y thi déi luu
4m xuét hién khi bdo hoa nhung trén thyc té no quan sat dugc ¢ do am tuong dbi dudi 100t/0, cu thé 1a
& 60%. Chinh vi thé ma cic tic gia khac nhau str dung gia tri K trong cong thirc (2.22) khac nhau.
Trong cong trinh [35] gi tri K bién d6i tir 0,8 dén 0,9. Trong cdc md hinh dy bao ngin han bang hé
céc phuong trinh du ¢ nhiét d6i [26] thi ldy 7,5 K = 0,75 K = 0,75. Trong cong trinh [36] thi K bién doi
tir 0,75 dén 1 phu thudc vao kich thudc ctia mién du bao va bude khong gian. Trong cong trinh nay con

luu y 1a theo s liéu quan tric diéu kién % =0 dugc thoa man trong 16p dudi cua khi quyén nhiét
p

d6i dén d6 cao muc 600 — 800 may bay va né khong thay ddi trong ving dbi luu manh, trong dai hoi tu

nhiét d6i va trong bio. Tir day tac gia nay da rit ra két luan 1a chi tiéu noéi trén khong thé 1a diéu kién

bét dau va két thic dbi luu 4m. Chinh vi thé trong cong trinh nay di dua ra chi tiéu xac dinh sy xuét

hién d6i lvu 4m 1a nang lugng bat 6n dinh cia 16p ta xét. Néu ning luong nay duong thi dbi luu 4m s&

xuat hién. Sau khi thuc hién thich tng dbi lwu d6i voi 10p khi quyén co6 bién dudi 1a Py bién trén 1a Py
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thi profil nhiét d6 thé vi twong duong duoc thay bang profil nhiét do thé vi twong dwong gidi han 0, .
gh. Nhiét d6 nay dugc xac dinh bang phwong phap lip theo cac hé thirc sau:

Pr Pp
[ h(6,)dP = | hy,(06..gh)dP
Pp Pp

(0 g1 )=0.(P =Pr) (1.27)
O day h 1a nang luong tinh m.
Do am twong dbi sau khi ap dung thich img d6i luu 4m dugc lay bang 80%.
Thich tmg dot ngot dan dén higu tmg “sdc” trong cac mo hinh tinh. Dé giam higu tmg nay Gadd A
va Keets J. [57] da str dung so do thich ting sau:
Va doivéio<t<t,

Tk = 1-1 T- T, (2.28)

Yal—r+y§m

doivéit, <t<1
1-1,

O day vk 1a gradien nhiét d¢ sau khi 4p dung thich tmg. t 1a d6 4m tuwong dbi, t¢ 1a hé sé thyuc
nghiém no duoc liy bang 0,5.

Trong cong trinh [75] d4 dé suat phuong phap tinh hiéu tmg cudn hut. Theo cong trinh nay d6i luu
may tich xuat hién & 10p, noi co gradien thang dimg nhiét do trung binh 16n hon gradien thing dimng
cua nhiét d¢ trong may. Gradien nhiét do trong may duoc xac dinh nhu sau:

s — 9
=vz +EK
"M = Yém 0,622 de,
Cp + .
P dT

O day E la thira s6 tinh higu tmg cudn hat khong khi méi truong vao may. N6 duoc xac dinh bang

thuc nghiém.

(2.29)

-1
E=02 {ro i} (2.30)

ds
O day T, % 1a ban kinh may véi 1, 1a 600m. So d6 nay duoc ap dung dé mé hinh hoa xody
S

thudn nhiét doi.

Ap dung phuong phap thich tng ddi luu cho mét s6 16p bat 6n dinh s& dan dén 1am thay doi nhiét
do trén bién cua cac 16p nay. Do vay tich phan ning lugng tinh 4m theo ca cot khi quyén khong duoc
bao toan. Pé tranh diéu nay trong cong trinh [66, 67] di dua ra thu thuat sau: Néu nhu trong 16p dudi
clia tang ddi luu tdn tai mot 16p phan ting bét dn dinh c6 diéu kién thi ap suét ¢ bién trén cua 16p nay P
va nang lugng tinh dmtaimuc Plah (P) duoc xac dinh tur diéu kién nho nhit hé thire sau:

InP,
hp) (InP, - InP)- 1j‘(epTJrngqu)dlnP = (1.31)
nP

O day P, 1a 4p suét bién dudi cua 16p bat 6n dinh. Myc P ndm trong 16p 6n dinh. Sau khi ap dung
thich tmg dbi luu profil nhiét do va d6 4m trong 16p tir P, dén P dugc xac dinh tir hé cac phuong trinh
sau:
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gz, +ep T, + Lq, = h(P)= const

ozg _ RT
8P~ P
5,31
e; =6,11exp {25,22 (1 %ﬂ(%j
T, T,
=0622— = (232
9 = 08225 e, .

Tinh theo phuong phép nay cho thdy bién d6i nhiét do 16n nhét khoang 3°C do am cing 6 g/kg.

Uu diém ctia phuong phap thich tng d6i luu kho va 4m 1a chung don gian. Chinh vi vy ma ching
dugc st dung rat rong rai trong thuc té.

2.3. Phuong phap tham s6 héa ddi lwu may tich dwa trén gia thiét bat on dinh c6
diéu kién loai hai (CISK)

Khai niém vé bt 6n dinh loai hai (CISK - Conditional instability of the second kind) dugc
chazney va Euphemism liassen dua ra vao nim 1964 dé phan biét véi bat 6n dinh c6 diéu kién cua khi
quyén nhiét déi - bt 6n dinh c6 didu kién loai mot. Khac véi bat 6n dinh co diéu kién loai mot, bt on
dinh c6 diéu kién loai hai gy ra boi ma sat bé mat va toa nhiét am ngung két. Chuyén dong ddi luu
trong bat 6n dinh loai hai thuong ludn sdu vao 16p 6n dinh bén trén 16p bat 6n dinh, va chiém hau nhu
toan bo tang ddi luu.

Nghién ctru khi quyén bét 6n dinh c6 diéu kién nho hé phuong trinh tuyén tinh CuO [71] d4 rat ra
két luan 12 quy mo ctia xody thuan nhiét doi khong phai 1a bat 6n dinh trong luc vi quy mo ctia may
tich 1a quy md c6 mode bat 6n dinh nhit lai c6 ty trong hon hin cac quy mo khéc. Tir day 6ng da rat ra
1a khi mé hinh hoa cac qué trinh khi quyén can ddy mode bét 6n dinh nhat vé phia cac quy mé 16n.

Pong thoi Chazney va Elissen, O Oyama cing thuc hién tu tuéng d6 trong ciac md hinh xoay
thuan nhiét d6i. Theo cac tac gia trén co ché hinh thanh may va tich nhu sau. Cac xody quy mé 16n tao
ra sy hoi tu hoi nude trong 16p bién khi quyén may va tich dugc hinh thanh va cac dam may nay da
van chuyén hoi nudc tir dudi 1én trén. Khi hoi nudc nay ngung két di téa ra ludng Am nhiét rat 16n va
n6 lai 1am cho xo4y quy mo 16n manh 1én. Do ma sat véi bé mit xody nay lam ting do hoi tu hoi nudc
trong 16p bién va qua trinh ctr tiép dién nhu vay. Trong cac cong trinh ndy di dua ra biéu thirc xac dinh
d6 d6t nong do ddi lvu may tich nhu sau:

o g

_ * e *
nso khl.(,o *< 0 233)

CpT 0 khi o* <0

2 A d 1n e \ A R - ~ N LA A < , A 5

O day S=-a la tham s6 6n dinh tinh hoc, o = RT/P, o* 1a toc d6 thang dung trén dinh

16p bién.
. 1 .
®* = EHE Qg sin 2¢ (2.34)

Hg, 14 d6 cao 16p bién Ecman, Qg 14 xody dia chuyén trong 16p sat dat, A 13 vi d6 dia 1y, 0 13 thong
sd khong thé nguyén né lién quan dén cudng do cudn hit va xac dinh sy phan b ddt nong theo
phuong thing ding. Vé6i thu tuc tinh todn ndy cac tac gia dd nhan dugc mode bat 6n dinh quy md
khoang vai trim km chtr khong phai quy mé may tich. So d6 nay rat thuan tién va duoc sir dung rong

64



rdi. Dang ham phan bd thang dung cta 4n nhiét n(z) dong vai trd quan trong trong viéc md hinh héa
x04y nhiét déi. CuO la nguoi dau tién dé xuat dang ham n(z). Ngay nay c6é rat nhiéu so d6 tham so6 hoa
thudc loai nay.

Céc gia thiét ciia CuO di dwa ra nhu sau:

a/ D6i luu may tich xudt hién ¢ ving noi 16p bén dudi c6 phan ting bat 6n dinh c6 diéu kién va
hoi tu.

b/ Chuyén dong d6i luu van chuyén khong khi 16p sat dat 1én dén do cao rat 16n. Trong chuyén
dong nay khong khi trong may di 1én theo qua trinh doan nhiét gia.

¢/ Chan may nim & muc ngang két cua khong khi 16p sat dat, dinh may dat t6i d6 cao noi nhiét do
cua phan tu di 1én bang nhiét 6 moéi truong.

d/ May tich ton tai mot thoi gian rat ngan sau d6 ching “hoa tan” vao méi trudng ¢ muc do. Vi
vay nhiét va am ma may dem theo truyén cho khong khi moi trudng.

Gia thiét sau khoang thoi gian At trong cot khi quyén c6 tiét dién don vi hinh thanh may tich véi
tiét dién 1a a, nhiét d6 1a T, ty so hon hop q., khi d6 gia tri nhiét d¢ trung binh va ty s6 hon hop trung
binh dugc xac dinh nhu sau:

T(P)= o T,(P)+(1-a)T(P) (2.35)

d(P)=aq.(P)+(1-a)g (P) (2.36)

O day T(P) va G(P) 1a gia tri nhiét d6 va ty sb hdn hop ciia khong khi méi truong trude khi xao
tron.

Tir (2.35) va (2.36) rat ra tc do dt nong va 1am am khong khi do d6i Iuu may tich xac dinh theo
cac cong thirc sau:

CpdT C ~\ C _
Q=220 = C% 1 )= CP (1, ) 27
L O (N ) WO

Gday ST=T —T,8q=q — § 14 bién ddi nhiét do va ty s6 hdn hop trén dién tich da cho do
tac dong cta ddi lvu. CuO da xac dinh o nhu sau. Gia sir luong hoi nude di vao cot khi quyén cé tiét
dién don vi, sau mét don vi thoi gian la I va duge xac dinh béng cong thirc sau:

PS
-1 [ Agv)dp +£.ME (2.39)
go g

O day Mg 1a téc d6 bay hoi tir mit bién

Mg = % [Pocd |Vsea| (QSea ~ 41000 )] (2.40)

AP 1a chénh léch ap suat & myc mit bién voi myc 100may bay Pg 1a mat d6 trung binh trong 16p,
Cp 13 hé s can ciia bé mat (Cp = 1,5 10™) qyea 13 ty s6 hdn hop ciia khong khi ¢ nhiét 6 mit bién, qo00
& muc 1000may bay. Vi, 1 tc do gié ngang & mit bién.

Sau khoang thoi gian ton tai may At tong lugng hoi nudc di vao cot khi quyén s& 1a I.At. Mot phan
hoi nudc duoc ngung két va roi thanh mua. Nhiét an ngung két téa ra d6t nong khong khi trong may
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dua nhiét 46 tur T lén Tc. Mot phan 4m khéac 1am tang ty s6 hdn hop cta khong khi trong miy tir ¢
1én q.. Tl day ta co phuong trinh can bang am.

[ At=a (8q; + 8q2)

Ta tim duoc

IAt
=— (241
0q; + 9y

81 va 8y 12 lugng 4m cin thibt dé dua nhiét do khong khi tr T 16n T, va dua do 4m tir g 16n q..

Luong &m may co6 thé xac dinh bang cac cong thirc sau:

1P e -
8qp =— | fp(TC—T)dP (2.42)
8 Pp
1PB
8qs =— | (q.—q)dP (2.43)
8 Pp

P va Py 13 4p sudt chan mdy va dinh may.

Cuong d6 mua khi do duogc xac dinh theo cong thic:

1 "B C '
M=-— jQT dP=-Po_ [(T,-THP (244)
gL Atp,
Niam 1974 CuO di dwa bd xung diéu kién xuat hién d6i luu may tich sau:
D; D, A0, > C,
T 0 > 3 (P — Py) (2.45)

O day A, 1a sy khac biét 16n nhat ctia nhiét d6 thé vi twong duong trong 16p bit 6n dinh am, D, 1a
d6 day cta 16p bat 6n dinh, D, 1a d6 day cta 16p khi quyén c6 bién trén 1a muyc 0, dat gia tri nhé nhat
v1 bién duéi 1a myc noi 0, lan du dat gia tri cuc dai ctua nd trong 16p bién ké tir trén xudng, C; 13 gia
trj chudn xac dinh tir thuc nghiém. 1o 1a thoi gian kéo dai ciia dong quy mé 16n, og 13 toc d6 cuc dai
trong 16p bién & hé toa do ap suat, P, 1a ap sudt & muc ngung két. Dong nhap nhiét do dbi luu may tich
duogc tinh theo cong thirc sau:

Q- Lg(1-1)I(T, -T).11
T Cp(Pg-Pp)<T.-T>

(2.46)

O day (1 —b) la phan dong am di vao cot khi quyén ngung két tao ra mwa. (b << 1), < T, - T>la
gia tri trung binh theo d§ day may cua hiéu (T. — T) IT= (P,/P) R/cp.

Rosenthal di cai tién so d6 ciia CuO va ong cho 8q, = 0 nén lugng mua cua theo so dd nay nhan
duoc 16n hon so dd cia CuO trong diéu kién nhu sau:

Uu diém cua loai so dd nay 1 qua trinh dt nong khi quyén cho d6i lwu may tich duogc giai thich
rd rang hon so voi phuong phap thich tng dbi luu va ap dung vao thuc t& cho két qua tét hon so dd
thich rng ddi luu. Bén canh d6 loai so do nay c6 hai nhugc diém chinh. Nhuoc diém thir nhét 1a no
khong tinh dén qua trinh cudn hut khong khi vao may. Nhuoc diém nay da duoc khic phuc bang cach
gia thiét toc do cudn hut ty 1& voi hidu nhiét d6 ciia miy va méi trudong [87]. Do cudn hut nhiét do
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khong khi trong may ¢ mua z giam di mét lugng 1a E 6T = E(TC - T) OdayE=M.8T/T,M=75
1a hang s6. Nhiét d6 khong khi trong may & muc z + Az khong tinh dén anh huéng ctia cudn hut duoc
xac dinh bang cach dua Ién doan nhiét khong khi tir myc z véi nhiét do

T.*(z) = Te(z) — E 6T.

dén myc z + Az. Qua trinh tiép tuc duoc lap lai.

Nhuoc diém thir hai cia phuong phap nay 1a tham sé o dwoc coi 14 hing sé theo do cao.
Sundgvist [99] d4 khoi phuc nhugc diém nay bang cach gia thiét o 1a hang s6 trong 16p khi quyén bét

. . 00 . s . 00 .
on dinh c6 diéu kién ( 85 > Oj . O phan trén cta khi quyén noi ( a}‘: < Oj thong s6 o giam theo

. 09 .
do cao. Goi ap suat muc ( a}‘: = Oj la P. Khi do:

o = aon (P) (2.47)
O day
1 khi P > P*

n(P)=1 A0.(B) i p_pe (2:48)
A0, (P*)

O day A6, 1a hiéu nhiét d¢ tuong duong trong miy va ngoai méi trudng o duge xac dinh nhu so
o CuO.

Trong cong trinh [37, 91] tinh bién ddi a theo d6 cao banirg cach chia khi quyén thanh K 16p.
May c6 thé hinh thanh tir cac 16p bén dudi va may cé chan ¢ 16p thap thi co do cao dinh cao hon dinh
ctia may hinh thanh & cac 16p trén nd. Tiét dién cia timg dam may dugc coi 1a khong ddi theo do cao.

2.4. Phwong phap tham s6 hoa d6i lvu may tich dua trén gia thiét van chuyén déi
lwu ciia cac nhan t6 noi an.

Trong cic phuong phap tham sb hoa d6i luu may tich trinh bay ¢ trén, cac tinh chat chii yéu cua
may tich dugc biéu dién qua cac dic trung cua cac qua trinh quy mo 16n. Nam 1971 O oyama da dé
xut gia thiét van chuyén ddi luu do cic nhan té ndi an (convective transport by implict Booyant
element Contribe). Phuong phap nay cho phép xac dinh tinh chét ctia cic nhom may tich riéng r&. Cac
gia thiét chinh cua phuong phap nhu sau:

a/ May 1a cong cu van chuyén khéi lugng ning luong va dong lugng theo phuong thing ding.
Cac thuc thé trén duoc van chuyén tir dudi 1én trén c6 tinh dén sy cudn hat vao may va dong thoi ra tir
may. Sy tich lily thuc thé trong miy c6 thé bo qua.

b/ Sy van chuyén cta miy rat hiéu qua. Dién tich ving may va thoi gian hoat dong cta méy rat
nho, ¢ thé bo qua. Piéu nay chi ¢ nghia déi véi ving hoat dong tich cuc ctiia may con khéi may nhin
thiy ta coi nhu phan dong lai quan tinh va thugc méi truong.

¢/ Céc yéu t6 may hinh thanh va xao tron vao méi truong khong phy thude vao nhau.

Pé tinh cac dic trung cia miy Ooyama di sir dung md hinh & nhiét. Quan thé & nhiét duoc chia
thanh cac cum, mdi cum bao gém céc b nhiét co trang thai ban dau giéng nhau. Gia st trong mdi cum
s6 6 nhiét hinh thanh trén mot don vi dién tich, sau mot don vi thoi gian la N, bét ky thuc thé nao ma
cum may nay mang theo dugc 1a A, thi dong thuc thé ma tat ca cac 6 nhiét van chuyén sé 1a
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Fla)) = X ag m; N (2.49)

O day m; 1a khdi luong cua timg 6 nhiét cia cum may i.

Gia st 1a khi da 1€én doan dudng dz khdi luong tiing 6 nhiét thudc cum i tang 1én moét luong la dm
do sy cudn hut va giam di mot luong dm do dong thdi ra tir may. Khi d6 bién ddi theo do cao ciia thong
luong thuc thé x4c dinh theo phuong trinh sau:

oF (a
F(ac)_p Ja.]-Dla.] @50
0z
O day E [a.] va D[a.] la thong luong thuc thé di vao va di ra khoi miy. Cac dai lwong nay duoc

xac dinh theo cong thuc:

Ela ]= Zae(dm+) N; (2.51)

dz

D[ac]: zaci[dij Ni (2.52)
i dz i

Chi s6 e chi méi trudng, C; 14 cia cum may i.

Théng luong thing ding cua bat ky thuc thé nao duoc dyama biéu dién qua dong thuc thé nay
trong may va ciia moi trudng xung quanh:

F(a) = F(a.) + F(a.) (2.53)

Tir mbi quan hé gitta dong thing trong may m., dong giang ciia ngoai méi truong quanh may m
va dong thang dimg trung binh m ta c6:

m m
am=amc—am (2.54)
(¢ e

Do may khéng tich Iy thuc thé a nén Ooyama gia thiét.

a,=a (2.55)
Tir (2.54) va (2.55) ta ¢6
F(a,)=8.Mm=am-a.m, (2.56)

Thay (2.56) vao (2.53) va liy vi phan theo z biéu thiéu tim dugc dong thoi thay

dmczz(deeri_z(d&} N,
i i\ dz

dz i dz

ta tim duoc

oF(a) oma oa _

—t = -m,——Dla, —a 2.57
0z 0z ¢ oz [ ¢ ] (237)

St dung (2.57) ta tim duoc phuong trinh xac dinh gia tri trung binh cta thuc thé @ :
da mcoa 1 _
—=T—+:D[ac —a]+S (2.58)
dt p oz p
O day S 1a ngudn khong do ddi luu gay ra cua thuc thé a.

Tham s6 hoa d6i luu do Ooyama dua ra 1a khong déng kin vi s6 & nhiét xuat hién trén mot don vi
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dién tich sau mot don vi thoi gian cho bang phuwong phap thuc nghiém. Rozenthal di sir dung so do
tham s6 d6i luu nay dé mo hinh hoa xoay thuan nhiét d6i. O day 6ng da cho sd 6 nhiét xuét hién sau
mot don vi thoi gian va trén mot don vi tiét dién 1a
b) db
N (b,)db =Noexp | ——|. 0
B) B
O day B 1a hing sd, b, 14 ban kinh ctia 6 nhiét ¢ noi n6 hinh thanh.
2.5. Phwong phap tham sé héa d6i lwu may tich cé tinh dén cdc qua trinh x40 trén
ngang va sir ha xudng ciia khong khi.

(2.59)

2.5.1. Phwong trinh cho ning lwong tinh dm

Nhu ta d3 biét, phuong phap tham sé héa duoc dua trén gia thiét CISK tinh d6 bién ddi gia trj hon
hop cia khong khi do sy hoa tan ctia cac thap may noéng va moi truong con cac phuong phap dua trén
gia thiét CONTRIBE thi tinh anh huéng ctia cac qua trinh ha xudng ctia khong khi quanh may va théi
khong khi may ra moi trudng dén bién ddi truong nhiét do va do am. Trén thuc té trong vong nhidu
dong thi quan sat thdy cac dam may khong 10 ton tai mot thoi gian rat ngin va trong giai doan phat
trién chung tao ra sy ha xuéng ctia khong khi quanh may con & giai doan tan ra chiing hoa tan vao modi
truong xung quanh. Hai hiéu ng ndy phai anh hudng dén trudng trung binh cta nhiét do va do am.
F.raedrich [53, 54] 1a nguoi dau tién chi ¥ dén van dé nay.

B6 qua thanh phan v*/z so vdi cac thanh phan khac trong biéu thirc clia ning luong tinh am trong
cong trinh trén da str dung tinh chét bao toan nang luong tinh 4m trong qua trinh chuyén dong cuia phan
tur khi.

ﬁ =0 (2.60)

dt '

Str dung phwong trinh lién tuc (2.60) viét vé dang:
@+Avh+@:0 (2.61)

ot op

Tich phan phuong trinh (2.61) theo dién tich s (t, p) da tim dugc
h h
Nes 0L jo0hs ) 90l 56
ot ot op op

dddly  hgs=[hds
S

og.s=[ods
S

e 2 . ) o . 0s . 0ms
hg 1a gia tri ham h trén bién cua di¢n tich s, n6é duoc xac dinh boi dau cua dai luong E va ——

op

O day s c6 thé 1a dién tich ving may o hodc 1a dién tich ving quang may. Dé phan biét cac yéu td

4
A 669

trong may va ngoai may ta st dung cac chi so “c” va “e" tuong ung. Pai lugng trung binh quy mo 16n
® va h dugc xac dinh bang cac cong thirc sau:

O =0, + 0
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h=8h, +(1-8)h, =8(h, —h,)+h, (2.63)

Néu tinh dén 6 << 1, (h, — h,) << h, thi c6 thé lay h=h cho tit ca cic muc dich 1y thuyét va
thuc nghiém.

2.5.2. Cac mé hinh mdy

Phuong trinh (2.62) viét cho viing c6 miy c6 dang:

0 o® 0 00
—h.o.-h £ 4+3—hd8-hg—;=0
{Gp e R op } {Ot <R (’Bt} (2.64)
@ (Ir)
O day
h, néu B o g 16p cudn hut
he = ot Op
R . 08 Oo )
h, nfu —+—=>0 J16p khong khidira
ot oOp

Néu quan thé may cau tao tir cac ddm may 6n dinh thi thanh phan tht II trong phuong trinh (2.64)
bang khong. Trong truong hop nay ta co:

oh, 1 o,

op o Op

(h, —h,) (2.65)

Thira s6 thtr nhat trong vé phai (2.65) 1a tham sé cudn hut A, n6 c¢6 thé coi 1a hang sb theo do cao.
Thong luong khéi lugng trong quan thé may tich trong truong hop nay duoc xac dinh boi cong thirc.

W = W¢, eXp [A (P —Po)] (2.66)

Phuong trinh (2.65) dugc Azakav l1an dau tién dua ra va viét ¢ dang

oh,

op

Néu quan thé may ciu tao tir cac ddm may tich ton tai trong thoi gian rat ngén thi thanh phén II
trong phuong trinh (2.64) can dugc tinh dén. Tich phan (2.64) theo thoi gian ton tai ctia may, dién tich
ving mdy khi bat ¢au hinh thanh may va khi tan may déu bang khong, trong thoi gian phat trién may

= (h, —h,) (2.67)

bang mua thoi gian ton tai cia né ta co a> 0, hg =h,, trong thoi gian tan may

00 .
E <0, hg =h,, thi ta nhan dugc phuong trinh x4c dinh nang lugng tinh 4m trong may.

2 (b, )= 2ebe py 2
At op op

(2.68)

O day & 1a dién tich cuc dai ma mdy chiém, At 1 khoang thoi gian phat trién may.
Truong hop riéng khi thong lwong khdi lugng trong quan thé may tich khong thay ddi theo do cao
tire 1a . = ®, thi phuong trinh (2.68) c6 dang.
oh,
p

=2* (h, —h,) (2.69)
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N (@) Z Z AL 1 ~ A A
O day X* = A_ la nhan t6 cuon hut, n6é dugc gia thict 1a khong doi theo dd cao.

t oo,

Tir day cho théy:

a/ Tiét dién cua cac dam may riéng khong thay dbi theo chiéu cao.

b/ Thoi gian phat trién miy cang 16n thi tiét dién cuc dai cua quan thé may cang 16n.

¢/ Thong thuong khdi lugng trong may cang 16n thi nhan t6 cudn hit cang nho.

Néu cho trudc tham sb cudn hut cua may tich thi theo phuong trinh (2.67) hodc (2.69) c6 thé tim
duogc nang luong tinh am cua khong khi trong may. St dung gia thiét khong khi trong may luén bao
hoa ta c6 thé tim dugc nhiét d9, d6 am riéng cia khong khi trong may.

2.5.3. Cac ngutin nhiétva am doi véi cdc qud trinh quy mé lon.

Phuong trinh (2.62) viét cho méi trudng quanh may c6 dang:

(o) 20 [0 (o) 2e00)

ot ot op op

St dung phuong trinh lién tuc va gia thiét 8 << 1 phuong trinh (2.70) bién ddi vé dang.
0
—+AV h,=Q, (271
ot
O day

Qh = 6(1)Chc + hR 6—6+ amc (2.72)
op ot Op

14 ngudn ning lwong tinh 4m quy mo 16n.
Néu trong méi truong quanh may khong c6 ngung két bai nude thi tir phuong trinh (2.71) ta tim

dugc phuong trinh ning lugng tinh kho S, va ty s6 hdn hop q.

(% + A.Vj S.=QL+Qll (73

O day
. aase cho 16p cudn hut
Q= 65 . (2.74)
e —2 + (s, — 8. ) =2 cho 16p théi ra
p p

QU = Ait (5. —s.) (.79

va phuong trinh

(% - A.Vj de =QL +Qi  (276)
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. cho 16p cudn hut
Q- P
O, 88(1;3 +(qe - qc)ag;c cho 16p théi ra
nm_9
Qg == (d: - a.) 2.77)

Mot cach du do chinh xac ta thay S, bang S trong phwong trinh (2.73) va q. bang  trong
(2.76). Cac phuong trinh tim dugc dung dé du béo S va q . Trong cic phuong trinh trén cic ngudn
nhiét va 4m c6 chira cac dic trung ctia may. Cac dai lugng nay duge tinh theo cac mé hinh my & trén.

Trong md hinh nay d6 cudn hut va thong lugng khdi lwong trong miy cho bang cong thirc thuc
nghiém.

Trong phuong trinh (2.64) hg trong mdi 16p dugc thay bang h, hodc h, phu thudc vao dau cua
0c 0w,
—+
ot Op

Diéu nay c6 nghia trong mdi 16p may chi co thé ton tai cudn hat hodc thoi khong khi ra chir khong

thé déng thoi ton tai, tirc 1a quﬁn thé may chi cAu tao tor mdt loai may.

2.6. Phwong phap tham s6 héa ddi lvu ciia Arakawa A., Schu best W.

Arakawa A., Schu best W. di dong kin hé phwong trinh thity dong lwc hoc cho may dbi lwu vao
nam 1974. Cac ong da dua ra khai niém va ham cong clia may va trang thai twa ding. Pay 1a mot so d6
hién dai vé mat vat 1y va ap dung cong cu toan va phuong phap giai.

Trong so d6 ddi luu nay di sir dung mé hinh may dbi luu mot chidu. May c6 ban kinh khong doi
theo d6 cao. Diéu nay giai thich 1a may duoc cdu tao tir cac yéu té hoat dong lién tiép ma chung co do
mé ngang rat nho cé thé bo qua ddi véi 16p dudi ving dinh may. Nhu vay dbi voi mbi cum may dic
trung boi mot tham sé cudn hat khong doi theo do cao A. Tham sb nay dugc xac dinh bang cong thirc.

1 dm (X, z)
m(L,z) dz

O day m(2, z) 1a thong lwong khdi lwong trong quan thé may con véi dic trung 1a A ¢ do cao z.

A=

(2.78)

Tich phan (2.78) theo do cao ta tim duogc.
M(,z)=mg(A).n (A, 2) (2.79)
O day mg (1) 1a thong luong khéi lugng trong quan thé con may tich tai chdn may c6 dic trung A;
1N (A, z) 1a ham dic trung cho hiéu tng cudn hut.
- khizg <z<
10 2)= exp[A (z ZB) 12 <2 zd(k) (2.80)
0 khiz>zp (k)
Ham nay l1a nghiém cta phuong trinh

o _ An (2.81)
0z

thoa mén di€u kién bién

n| z=zp=1
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O day zg la d6 cao chan may; zp (1) l1a do cao khdi lwgng ctia cum c6 dic trung A di ra. P cao
nay tring v6i muc do ndi cia phan tir may bang khong.

Dé x4c dinh dic trung ciia may can sir dung phuong trinh can bang khéi lwong, ning lugng tinh
am, tong lwong am cua timg cum mdy cé dic trung A va giai cac phuong trinh nay voi cac diéu kién
bién tuong ung.

Ta biét ring & nhiét d6i binh luu ngang va thang dimg ciia cac dong chay quy mé 16n, cac dong
nhiét & mat dém va dot nong birc xa lién tuc dan dén trang thai bat on dinh nay 1a diu kién can dé xuit
hién may ddi luu. Vé phan minh, may ddi luu vAn chuyén nhiét va am tir dudi 1én trén. Két qua profil
nang lugng tinh am duoc san bﬁng, bat 6n dinh tinh méat di.

Tir day rat ra 13 Iyc ndi 1a méi quan hé giita cic qua trinh quy moé 16n va dbi luu trong khi quyén.
Ham cong cua may A (A), no dic trung cho cong ma luc ndi thuc hién dugc Arakaw va Schu bert chon
1am thudc do luc ndi trong ting cum may A. Ham nay c6 dang:

A= chj O 2fBs(0) - 8, (2 iz .82)

O day Svi, §V 1a ning luogng tinh a0 dbi voi cum may i va moi truong.
Sv =CpT + gz + Cp (0,608 G — 1)) véi 1 1a do chira hat nuéc ciia may.

Néu nhu cac qua trinh quy mé 16n khong tiép tuc dwa khi quyén vé trang thai tiép tuc dua khi
quyén vé trang thai nhidu dong thi may tich xuit hién do sy pha huy lic dau cua cau ///////// nhiét dong
luc theo phuwong thang dimg, s& 1am giam dan luc ndi trong khi quyén, tirc 1a A (1) tién dén khong va
mbi trudng xung quanh s& trd nén can bang phiém dinh. Thoi gian cin dé dua thich ing méi truong
xung quanh vé trang thai phiém dinh theo Arakaw — Schu bert n6 khoang tir 10° dén 10* gidy va goi la
thoi gian thich img. Qua4 trinh may bién dbi méi trudng goi 14 qua trinh lién hé ngugc. Vi cac dic trung
clia may phu thudc tuyén tinh vao thong luong khdi luong va dong khdi lwong thdi ra ciia cac cum may
A, ma cac dai lugng nay lai tyr 16 véi mg (1) cho nén cac dic trung ciia miy phu thudc tuyén tinh vao
mgp(X). Vi thé bién ddi theo thoi gian ham cong cia may lién quan chi v&i quan thé may tich co thé
biéu dién ¢ dang

A
dA(r e
AW R 0 mp(r)ar s
a .

O day K (A; 1”) 1a nhan ctia phuong trinh tich phén, ddc trung cho tdc d6 ting ham cong ciia cum
may loai A do cum may loai A’ 1am bién d6i méi trudng xung quanh tinh trén mot don vi mg(X’) dA’.
Thuong K (A; 1”) 1a 4m. Diéu nay c6 nghia may bién doi moi truong xung quanh lam giam ham cong.

Néu nhu cac qua trinh quy mé 16n 1a dimg va lam ting ham céng ctia may thi moi trudong xung
quanh khong thé dat trang thai phiém dinh ma dat trang thai can bang. Trong trudng hop nay ham coéng
clia may a (1) phai duong, it nhét 1a trong mot vai khoang.

Bién d6i ham cong ctia may chi do cic qua trinh quy mé 16n gy ra duoc goi 1a nhidu dong quy
mo lons F(L). Nhu vdy bién ddi toan phan ham cong ciia may mo ta bang phuong trinh sau:

{%}C _ n(})K (L) mp(M) AV +F(R) @84
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Trén thyuc té cic qué trinh quy mo 16n ciing bién ddi theo thdi gian nén trang thai can bang ciing
khong dat dugc. Néu quy mo thoi gian cua nhidu dong quy mé 16n 16n hon nhiéu quy mé thoi gian
thich tng thi A(L) ¢ trang thai tua dung. O trang thai nay thoa man diéu kién.

d‘zi(j“ ) << {d‘zg)}c (2.85)

Tir didu kién nay ta tim dugc phuong trinh gin ding mé ta sy phan bd thong luong khdi lwong
mg(\):
Kmax
[K (A, A")mg(r')dr' +Fo =0 (2.86)
(0]
Thoa mén diéu kién (2.86) c6 nghia la cum may tich dan dan dén trang thai tya cin bang.
Phuong trinh tinchs phan Fredgom ho thir nhat (2.86) phai thoa man cho cac loai may tich ta co.
Khi ta biét K (A, X’) va nhidu dong quy mé 16n F (L) tir (2.86) c6 thé tim ham phan bd thong luong
khéi luong Mg(L). Ham nay phai thoa man diéu kién:

kmax
mg(X)>0va [ KA, 2)mg(r)dr' +F(r)<0 (2.87)
hoac
Amax
mg(k)<0 va [ K, A)mg(')dr'+F(r)<0 (2.88)

Dé tim ham F ™) can sir dung mo hinh dy bao, trudc tién tinh cac truong dy bao nhiét o, do am
cho mot bude thoi gian. Sau d6 xac dinh bién ddi theo thoi gian cia ham A(A) chi do cac qua trinh quy
mo 16n gay ra. Ham F()\) xac dinh theo cong thic sau:

F(X):(dA (x)j At

dt ) QML
Ky hiéu QML — quy md 1émn.

Nhan K (A, 1’) xac dinh nhu sau. Theo cac trudng nhiét do va d6 am ban dau va du bao tinh bién
d6i ham cong ciia may A(L) véi su anh huong ctia mot don vi thong luong khdi lwong ¢ chin may loai
)’. Chia két qua nhan dugc cho budc thoi gian s& duge K (A, ).

C6 nhiéu tac gia nghién ctru tng dung phuong phap tham s hoa may tich nay. BeLov di dua ra
cong thirc tinh ham phan bd thong lugng khéi lugng & dang:

mp (k) = Mclfl (7") + Mc2f2 (}‘)

O day Mcy, Mc, 14 cac hiang s dic trung cho do hoat dong clia may tich diy va may tich tang

thip; A, va A, xac dinh vi tri hai cyc tri trong phan bd ham thong luong khéi lugng.

exp(%}—l khio<a <y
fi(r)= 3; _ 2

j—lkhiklgxsk2
1
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exp(i]—l khi0<A <Ay
Ao
3hg — 20

2

fo(1)=

j—1 khi k> Ay

Silva D., Schubert W [94] da nghién ctru cac phuong trinh du bao dé khao sat xu thé nhiét do va
do6 &m. O day diéu kién tua can béng dugc ap dung nhu bai toan t6i wu, muc dich cta né 1a 1am nho
nhét bién d6i ham cong cua may.

Mit xich cua ///////// hé ngugc bao gdm bién ddi nhiét d6, @6 4m do chuyén dong thiang dimg quy
mo 16n, lam lanh birc xa va dong buirc xa qua bé mat.

Nhuoc diém ciia phuong phap nay 1a khong phan chia hat nudc trong may thanh hat miy va hat
mua.

2.7. Md hinh quén thé may tich dirng.

Néu nhu mdy & trang thai dimg hodc tua dimg so voi méi truong xung quanh thi do cudn hat
khéng khi tir méi trudng vao thong lwong khéi lugng trong mdy ting theo do cao Arakaw va Schubert
da gia thiét timg cum mAy hoan toan dic trung boi mot tham sé cudn hut A. Kich thude may cang 16n
tham s6 A cang nhé va n6 duoc xac dinh bang:

o1 dm(nz) (2.89)
m (k, z) dz
Trong hé toa d6 ap suét né co dang:
p dm (k, p)

A= ) )
Hm (k, p) dp (290)

. RT .
O day H=——,Pla4p suat.
g

Ta suy dién hé phwong trinh cho cum may tich dimg. Cac phuong trinh duge xay dung trén dinh
luat bao toan khdi lwong niang luong tinh 4m va d6 am khong khi. O dang vi phan phuong trinh cin
bang d6i vai bat ky thuc thé a nao c6 dang:

dpa

— _padivV +Ia (291
1t pa aiv a ( )

O day p 1a mat do khong khi, V' 1a véc to téc do gio, I, 1a ngudn thyc thé a.

Dé nhan dugc phuong trinh can bang khéi lwong ta thay a bang nong d6 cac chit khi va ldy tong
toan bo cac chat khi. Khi d6 téng cta cac ngudn chat khi bang khong ta duge phuong trinh.

d .

d_i +pdivV =0 (2.92)

Trong hé toa do ap suét no co dang

div ¥ + 22 = 0 (2.93)
op

O day Vn 1a véc to gio ngang o 1a tuong ty toc do thang dimg.
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Tich phan (2.93) theo tiét dién ngang &; ctia dam mAy tich i ta duoc.

[div Vy do+ 2 Jodo=0 (2.94)
oi op Oi
ky hiéu:
m; = J.(D do = O; 0 (2.95)
Oi

O day o; 1a gi4 tri trung binh theo dién tich &; ciia twong ty toc do thiang ding o.
Thay tich phan mit bang tich phan dudng trong (2.94) ta dugc.
[div Vs do = §Vy dL (2.96)
S Li
O day L; 1a dudng bién cua dién tich §; chia tich phan (2.96) thanh hai tich phan sao cho cos (n,
\7n ) (n 14 phap tuyén v6i duong cong) trong timg tich phan khong dbi dau, khi d6 ta dugc

§ V| cos (n, ¥, )dl = [ [Vn|cos (n, 7, )dl
Li Ly
| ‘Vn cos (n, ¥, )dl (2.97)
Ly
Ky hi¢u:
g = | ‘Vn COS (n, Vn)dl - dong théi vao
Ly
05 = I ‘Vn cos (n, Vn)dl - dong théi ra
Lo
Khi d6 phuong trinh bao toan khdi luong cho dam may i c6 dang
om;
g —0;+—+=0 (2.98)
op
Dé c6 phuong trinh bao toan ning luong tinh ciia khong khi kho ddi v6i dam may i ta thay a = S;
trong phuong trinh (2.91)
dps;

- psdivV+LC (299

dt
O day Ei 1a tbc d6, ngung két hoi nude trong mot don vi thé tich.
St dung phuong trinh lién tuc ta bién di (2.99) vé dang:
asi 8usi 8vsi 0w S5 L Gi
+ + + =
ot 0x oy op p

Trong trudng hop diung no6 cé dang

0w s;
op
O day c;=¢/p - toc d6 ngung két. Tich phan phuong trinh (2.100) theo dién tich o; va bién

div S; Vy + =LC,  (2.100)
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dbi twong tu nhu trén ta dugc phuong trinh xac dinh S; cho dam may i. O day can chu ¥ 1 ning luong
tinh ciia khong khi kho d6i voi khong khi thdi vao may ldy gia tri ciia mdi truong ddi voi khong khi
thoi ra 13y gia trj trong may. Cho nén

[ [Va|$S; cos (n, Vn)dL =& S (2.101)
Ly
I ‘vﬂ S; cos (n, vn)dL =9; 5; (2.102)
Lo

Phuong trinh cho nang luong tinh kho c6 dang:

Sig = 81 Si +m + LCi =0 (2.103)
op

Tuong tu ta co thé viét cic phuong trinh bao toan hoi nude va hat nude cho dam may i:

m;s;

Sia = 81 q; + 0 +C; = 0 (2.104)

_ 611 " Gmili

+C —T =0 (2.105)
O day qi, Li, v la ty s6 hon hop, d¢ chira nudc va tdc d6 tao ra hat mua tir hat may trong dam may

Khir tc d6 ngung két hoi nude tir (2.103) va (2.104) ta duge phuong trinh cho ning luong tinh

g h-8; h; + a;l) L-0 (2.106)

Gia thiét khong khi trong may bao hoa, tdc d6 tao thanh hat mua ty 1€ thuan véi @6 chira nude ctia

may, dong khdi chay ra tir may chi ton tai ¢ 16p mong gan dinh mdy, noi ning luong tinh 4m ctia may
bang v6i nang lugng tinh 4m ctia moi trudng. Cac biéu thirc todn mé ta cac gia thiét trén nhu sau:

Tur gia thiét dau ta co:
Qi=q (Tip) (2.107)
O day q (t;, P;) 12 ty s6 hdn hop bdo hoa ¢ nhiét do T; va ap suét p;. Phan tich ham q thanh chudi

Tailor theo d6i s6 T ta duoc.

q=9q" +(6§;j}) (Ti —T)

hay

~e 1
qi =494 +—
C

oq* ~
5 [ T jP (Si —S)(2.108)
Vih;=S; + Lg; (2.109)
h*=S+L.§" (2.110)
Tir (2.108), (2.109), (2.110)

ratra
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si—§=ﬁ(hi—ﬁ*) 2.112)

O day

y:%(aaar;j P=const (2.113)
Tir hai gia thiét cudi ta co

u=£(P). 1 (2.114)
h; =h* tai P = Py (2.115)

O day Py 1a 4p suat ¢ dinh may.
Lay tong hai vé cac phuong trinh (2.98), (2.103), (2.104), (2.105) va (2.106) theo tit ca cac dam
may ndm trong cum may cé dic trung A ta duoc hé phuong trinh dé xac dinh cac dic trung ciia cum

may A trong 16p dudi dinh may.

S(X,p)+M:o (2.116)
op
8(%p)§(p)+am (. p)S (. p) +Lc(h,p)=0 2.117)
op
_ .\ om,p)q(n,

e(L,p)q (p)+ m gl))q( p)+c(k,p)=0 (2.118)
e(rp)h(p)+ om (2, I;I))h (-p) c(r,p)=0 2.119)
0 m(x’g)l ) +c(h,p)-t(x,p)=0 (2.120)

p

- 1 ~
(p)- ()= [h (r, p)- B(p) @.121)
t(p)=f (A, p).1(%,p) (2.122)
h (A, pr)=h*(Pr) (2.123)

Tt ca cac dic trung ciia cum may phu thudc vao thong sd A va muc P. Hé phuong trinh (2.116) —
(2.123) gitp ta x4c dinh cac ddc trung cia may tinh khi théng luong khdi lugng di vao may duoc cho
theo céc gia thiét thich hop va cac diéu kién biéu tuong tng.

Tai chan may ning luong tinh 4m bang ning lugng tinh 4m bio hoa cia mdi truong, tic 1a

h(r,Pg)=h*(Pr)=h*s (2.125)
Tir phuong trinh (2.90), (2.116), (2.119) ta c6:
oh(A,p) AH AH ~
—~ ———h(A,p)=——-h(P :
s 5 (,p) 5 (P) (2.125)

Ta thay h (P) = H(P) trong hé phuong trinh trén van dam bao d6 chinh xac can thiét. Khi dé
nghiém cua (2.125) thoa man diéu kién (2.114) ¢ dang:
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P
h(,p)= 1 hi =X | EnEdp (2.126)
n(.p) p P

o day

P

H

n(A,p)=exp| -1 [ —dp (2.127)

Pg P
Dé xac dinh A ta viét phuong trinh (2.126) cho ///// dinh may Py va sir dung (2.123) ta co:

Pp

_ 1 _ H —
hi, =————|hi-A [ =nhdp (2.128)

Cho Pt cac gia tri khac nhau tir (2.128) ta tim dugc A bang phuong phap lap

his —hip 0 (M), Pr)
An+1) = B

(2.129)

[Hhn(A0),P)din P
Pg

O day n 1a s6 lan 1ap. Qua trinh 1ap dimng lai khi

[ At AW < en (2.130)

O day e\ 1a d6 chinh xéc cho trudc.

2.8. Tham s6 héa d6i hru may tich dya trén mé hinh miy c6 dong thiing va dong
giang.

Khi nghién ctru vé dong luc ctia may tich cho thiy may tich gdm hai phan, mot phan dong thing
va mot phan dong giang. Dong khdi trong may khi d6 1a tong ciia dong thing va dong giang. Ta ky
hiéu dong thang cac dic trung ctia dong thiang bang chi sd “u” (up) va dong gidng, cac dic trung cua
dong giang véi chi sb “d” (down). Bién dbi cua cac dic trung quy md 16n nhu S, g, U va v do déi luu
may tich giy ra trong phwong trinh (2.15), (2.16), (2.18) khi m6 hinh may c6 dong thang va dong gidng
c6 dang:

B - L2 (8, -9)+ My(Sq - 9)}+ Licy, —eq —e —¢,)

ot )y p 0z

5 10

A == My (q - @)+ Mg(aq —@)}+ (e, —eg —ej—e,) 2131
Ot Joy p 0z

‘Z_:‘ i :—%a—aZ{Mu(ocu —a)+ My (ag - o))

& day o 1a ky hiéu cho u hodc v. Chi s6 Cv (convection) chi bién d6i dai lugng do ddi luu gay ra.

Pé xac dinh duoc cac dic trung ciia may ddi luu ta xdy dung mé hinh may gdm mot dong thing
(up) va mot dong giang (down). M6 hinh dong thiang trong may duogc biéu dién trén hinh 2.1. M6 hinh
may gom ca dong thing va dong giang biéu dién trén hinh 2.2
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Hinh 2.1. M6 hinh may tich (dong thang) ’
M, - Thong luong khoéi lugng; E, - B6 cudn hut; D, - PO ban ra

Hé phuong trinh mé ta cac qua trinh trong quan thé may duing sé 1
- Béi vé6i dong thang:
oM,

=K
0z v

-D

u
o
E(Musu) = EuS - DuSu + chu
2 (Mya.)=Fya-Dyay -pCy (2132
0
E(Mul) =-D 1+ p(Cu - Gp)

0
a(Mua) =E,a-D,a,)

du
S
u e
da 1‘ Cy y
Sa
€q

TR

Hinh 2.2. M6 hinh may tich (dong thang va dong giang)

- D01 vO1 dong glang:
oM 4
0z

=Eq-Dq
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2~ (My84) = EqS - DgSq +LpCq

Z

5

E(Mde) =Eqq—-Dgqq +pCq  (2.133)

0
—(Mgaq)=Eqa-Dgoq
0z

Tich phan hé phuong trinh (1.32) va (1.33) cho ta cac dic trung ctia dong thing va dong giang
trong quan thé may tich. Cac dac trung nay thay vao (1.31) s€ tinh dugc anh huong ctia may doi luu
deén cac qua trinh qui mé 16n. BE tich phan cac phuong trinh trén ta can cho cac dicéu kién bién sau:

- Tai chén may ta phai cho truéc Mu, Su, qu, 1, au.

- Tai bién trén ctia dong giang ta phai cho Md, Sd, qd, ad.

- Do cudn hit Eu, Ed va d6 ban ra Du, Dd 1a cac ham cho trude phu thudc vao cac tham sb thay
do6i cia mo hinh.

- Céc qua trinh vi mé trong may (Cu, ed, el, Gp, ep) can dugc tham sé hoa.

Ta lan luot xét cac van dé trén.

1. Téc a9 ngung két trong miy Cu

Trong dong di 1én gia thiét luon & trang thai bdo hoa. Néu xuit hién qua trinh bio hoa thi qu s&
ngay tirc khac nhan gia tri bao hoa tuong tng. Luong nudc du thira Aqu chuyén thanh hat nuéc may 1
va nhiét ngung két toa ra dot nong khong khi. Néu nhiét @6 dudi 0oC thi ta tinh bao hoa trén bang va
nhiét tod ra la nhi¢t dong bang. Trong md hinh khéng xét dén sy dong bang cia hat nude va tan cia
tuyét.

2. Bay hoi ciia hat nwée trong dong giang Cd

Trong dong giang luon dat trang thai bao hoa nén cac hat nudc mua bay hoi va nhiét hoa hoi dugc
tinh dén trong m6 hinh. Bay hoi hat nudc dat trang thai bao hoa ngay tirc khac.

3. Hinh thanh hat mwa tir hat may trong dong thang

Giai thich hat mua hinh thanh ty 1€ v6i d6 chira nudc cia may

Gp =k(z).1
0 z<zg+Az,

6d%ﬂ@sék={
B z>1zg +Az,

zB 1a d¢ cao chan may, AzC d¢ day ctia may, neu may qua mong s€ khong cho mua:

1500 Tré n mat nudc
4C =
3000 Tré ndat lién
B=2.10-3 s-1.

& day bo qua su dinh két cua cac hat nudc mua véi hat may.
4. Bay hoi hat miy vao méi trwong xung quanh

Hat may bi bin ra ngoai may do khong khi kéo ra thi bay hoi ngay. Toc do bay hoi nay dugc tinh:

1
el= —Dul
p
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5. Bay hoi hat mua
Bay hoi cta hat mua phu thudc vao do hut am cua méi tredng hat mua di qua.
1/2

1/2
(p / ps) b

=Cal(QS -
ep=Cal(QS - q) o C

& day: QS la d6 4m riéng bio hoa; ol = 5.10-4; a2 = 0.011; nhan t6 (p/pS)1/2 mot cach gan dang
tinh anh hudng ctia mat do khong khi dén toc do roi cua hat; C 1a hang so dugc 1ay 1a 0.05.

Cic diéu kién bién

Déi luu duoc chia thanh ba dang. & mdi nat ludi chi xuat hién mot dang d6i luu.(Hinh 2.3)

- Péi luu xuyén thung: Hoi tu khong khi ¢ 16p bién tao thanh dong thing 16n xuyén thung ting on
dinh va dat dén d6 cao cua doi luu han.

/\ Déiluuhan
e YAt
L3

Honh 2.3: Béi lvu xuyon ichfmg; 2: Béi lwu nung; 3: Béi lwu
tang trung

- B6i luu nong: Bén dudi cé phan ky nhe va chi dat dén d6 cao cua ting on dinh.

- Béi luu tang trung: Xuét hién ¢ vung front trong 16p giira ciia khi quyén.

1. Khéi lwong khong khi di 1én & chan may Mu

Dbi voi dbi luu nong va dbi luu xuyén thang (d6i luu sdu) do am khi quyén dudi chan may (z=B)
c6 dugc do can bang tinh ctua cac qua trinh qui mé ludi, chuyén dong roi va doi luu. Diéu kién nay
duoc biéu dién nhu sau:

B = 8q 1 an
{Mu(qu-q) + Md(qd-q)}B= [| VAL g+ w—+——pdz  (2.134)
0 0z p 0z

0 day Fq la dong 16i cia 0 Am riéng, né phu thudc vao tdc do bay hoi ciia mat dém va sy xdo tron
roi. May chi xuat hién khi vé phai duong.

- béi luu xuyén thung Xuét hién khi nhan tb dong luc (hdi ty) 16n hon xao tron 1.

- Pbi luu ndng xudt hién khi nhan t6 bay hoi (x4o tron rdi) 16n hon sy hoi tu am.

- P6i luu tang trung thi 1iy

Mu)B =(pw)B  (2.135)

0 day w la dong thang qui mo 16n & nuat ludi.

2. Thong lugng khdi lugng dong giang ¢ dinh viing giang

Trong mé hinh dinh ciia dong giang dugc xac dinh 1a myc ctia moé hinh ma & d6 tao ra lyc ndi 4m
so voi moi truong. Pay la myc ha xuong ty do "LFS". Céc dic trung Sd, qd, ad dugc lay gia tri tai
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muc may lam diéu kién bién. Thong luong khéi luong di xudng dugc gia thiét:
(Md)LFS = y(Mu)B (2.136)
& day v 1a tham sé duoc 1dy 13 0.3.
Qua trinh xac dinh Mu va ud nhu sau:
- Xé4c dinh Mu theo (2.134) v6i gan dung dau tién ud = 0.
- Xé4c dinh muc LFS véi diéu kién luc ndi bang 0.
- Xac dinh (Md)LFS theo (2.136).

- Tich phan hé (2.133) tim Md va dua vao (2.134) dé tinh Mu. Qua trinh dugc lap lai cho dén khi
dam bao d6 chinh xac.

bPéi véi nhiét d6 T, do am riéng q, do chtra nudc 1 va cac thanh phﬁn tde d6 gi6 a ¢ chan may
duoc xac dinh nhu sau:

Dbi v6i nhitng diém c6 dbi luu sdu va nong ta lay tai muc thip nhit cia mo hinh ¢ nat ludi gan
nhat gia tri T, q, u, v. Myuc ngung két cua n6 xac dinh dugc la B. Tai day ta lay cac gia tri TB, gB, aB,
IB. Néu thod man diéu kién bat 6n dinh, tic 1a

(TV)B > (TV)B. méi truomg (2.137)

thi 46 cao B 1a chan my d6i luu néng va xuyén thing. Céc gia tri TB, ¢B, 1B, aB duoc lay lam
dicu kién bién cho m6 hinh may.

Néu (2.137) khong thoa man thi chi ¢6 thé xut hién may ddi luu ting trung voi dd cao chan may
& dau do trong khi quyén tu do. Viéc xac dinh d6 cao nay dugc tién hanh nhu sau:

Tir muc thtr 2 cia md hinh (tir dudi 1én) phan tir ¢ tinh chat ciia méi trudong di 1én doan nhiét mot
16p. Néu (TV)B > TV mai truong va IV > 0 thi doi luu tang trung xuat hién va gia tri cac dac trung cua
phan tir di 1én nay dugc lay lam di€u kién bién cho mé hinh may tang trung. Loai d6i luu nay chi cé
the xuat hién khi c6 dong thang qui mé ludi va do am ban dau cua phan tir 1on hon 90%.

D) cudn hit E va di ra tir may D

Céc qua trinh x4o tron & trén bién ngang ctia may 1 do sy cudn hit va vang ra cua khong khi
trong may. Doi véi dong thang cac qué trinh trén do x40 tron roi va dong luc gay ra. Ta ky hiéu twong
ung la ETu, DTu va EDu, DDu. P6i v6i dong giang chi c6 yeu to x4o tron roi gy ra nén ta ky hi¢u la
ETd va DTd. Nhu vay ta co6 thé xac dinh d6 cudn hit va sy ban ra cia may nhu sau:

- Béi v6i dong thing:

Eu=ETu+ EDu

Du=DTu+ DDu

- Béi v6i dong giang:

Ed=ETd

Dd=DTd

Trong md hinh cac dai lugng trén duoc tinh nhu sau:

Gia thiét cac dai lugng do x4o tron rdi gay ra ty 18 voi khdi lwong khong khi trong may.

ETu=euMu  ETd=edMd]

DTu=6uMu  DTd = edMd|

& day cac hé so dugc lay nhu sau:
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104m™ cho doi luu sau va trung
eu =

3.10*m™  cho doi luu nong
ed=2.10-4 m-1 cho céc loai ddi luu
va gia thiét e = 3.

bdi voi cac dai lwong do ddng luc gay ra dugc tinh:

- 0
EDu= — B (VhAhq + W —q)
q 0z

(1-D)Y M) 11/2

DDu = Az
b(M, )11/

Az

& day k 1a myc trong mé hinh con b=0.33 14 hang sd.

cho 16p dinh may k

cho 16p k-1

So db tham sb hoa dbi luu nay dwoc 4p dung trong mé hinh du béo ctia Cong hoa Lién bang Puc
cling nhu nhiéu nuée khac. Nhuoc diém cia md hinh 14 cac dong cudn hut va théi ra tir may xac dinh
bang thuc nghiém.

2.9. So sanh cac phwong phap tham s6 héa déi luu.

Dé so sanh cac so dd tham s6 hoa ddi lwu voi nhau nguoi ta tién hanh theo ba hudng: Phan tich ly
thuyét su giéng nhau va khac nhau gitra cac so dd, thi nghiém cac so d6 khac nhau trong cting mot mo
hinh s6 va so sanh cac két qua chan doan theo md hinh dya trén so d6 tham sd hoa véi nhau hodc véi
s6 hiéu thyc té.

Phuong phap thir nhét 1a phuong phéap khé nén chi c6 mét it cong trinh d& cap chat it dén phuong
phap nay.

So d6 ctia Fraedrich da trinh bay ¢ trén 1a so d téng quat hon ca so véi cac so dd ctiia CuO va
Ooyama.

Thuc vdy néu trong cac phuong trinh (2.73) va (2.76) bé qua thanh phan Q' va qu thi & vé phai
con lai thanh phz:in ma so dd CuO mé ta duoc. Nguoc lai néu xem may la 6 dinh hodc twa 6n dinh thi
trong vé phai cta cac phuong trinh trén con lai thanh phan do so d6 Ooyama mo ta.

So dd AzaKawa Schu bert theo ho 1a mot mo hinh téng quat nhét. Ly thuyét Azakawa bao gom
kiém tra thong ké khong khac may so véi 1y thuyét cia Ooyama khong xét dén. So véi cac so d6 dwa
trén gia thiét bat 6n dinh loai hai nhidu doéng quy moé 16n duoc cac so dd ciia Chazny — Eliassen,
Ooyama, CuO tinh dén thi trong so d0 Azakawa — Schu bert dua vao bang ham F (X). Thém vao d6
thong lugng khdi lwong & chan mdy tinh dugc trong cac so do duwa trén gia thiét bat 6n dinh loai hai
gan bang thong luong tinh dugc theo so dd Azakawa — Schu bert khi bo qua chuyén dong gidng cua
khong khi ngoai may & muc chan may so v6i chuyén dong thing dimg trung binh quy md 16n. Trong
truong hop tong quat thi chiing khac nhau nhiéu va chic rang thong lwong khéi lwong tinh theo so dd
Azakawa — Schu bert gin véi thyc té hon.

So sanh céac so dd dua trén viéc so sanh céac két qua du bao duoc nhiéu nha khoa hoc thuc hién.
Ebssbezzy R. Harrison E. dd 4p dung ba so d6 tham s hoa ciia CuO [72] Rosenthal [90] va Pirs — Riel
trong md hinh du bao hai va ba chiéu theo s lidu tng v6i giai doan phat trién cua bdo. Két qua thir
nghiém cho thdy du bao dich chuyén cta bdo theo cac so dd tham s6 héa ddi luu gan nhu nhau song
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phan b mua & vung nhidu dong thi khac nhau. Thém vao d6 trong tit ca cac thi nghiém véi so d6 KyO
va so d0 Pirs — Riel c6 bay hoi tir mat dém I6n hon lugng mua. Ty s giita lwong mua va lugng bay
hoi trong so d6 thir nhat1/2 trong so db thir hai 1a 1/3. Tir day cho thay céc thi nghiém trén da khong
thoa méan didu kién bao toan 4m trong ving du bao. D6i véi truong nhiét thi trong tat ca cac thi nghiém
bat 6n dinh cta khi quyén khong khéc phuc dugc. Tir ddy céac tac gia cta cong trinh noi trén da di dén
két luan 1a c6 thé ton tai dbi luu quy md nho hon quy mé may tich va can duoc tham s6 hoa chung.
Ceselski B. [47] d4 st dung 6 so dd tham s6 hoa d6i luu dé thuc hién 7 thi nghiém.

Trong thi nghiém déu khong st dung so d6 ddi luu, bon thi nghiém tiép theo sir dung so dd bét on
dinh loai hai véi cac ham phéan b 4m nhiét theo phuong thiang dimg khac nhau. Thi nghiém thir 6 sir
dung so db thich tmg dbi luu.

Thi nghiém thr 7 str dung so d6 Azakawa Schu bert. Két qua thi nghiém cho thiy du bao trudng
dia thé vi 48 gio cac so dd cho két qua gan nhu nhau. So dd thich tmg ddi luu va cia Azakawa cho
ngudn nhiét hoi 16n con so d6 KyO cho ngudn nhiét va su phan bd ctia né phu hop véi thuc té hon ca.

So d6 KyO va thich tng dbi luu duge sir dung trong mo hinh héa xody thuan nhiét d6i va du bao
han ngan. Két qua cho thiy so 6 KyO cho truong du bao dia thé vi va truong mua gan véi thuc té
hon. Thém vao d6 khi sir dung so d6 thich tmg ddi luu 4m trong mé hinh dy bao thudng lam ting bién
d6 song trong trudng con sir dung thich tmg déi luu kho va so do dya trén gia thiét bat 6n dinh loai hai
thi khong thay.

So sanh cac so do dbi luu theo hudng thir ba khéng can dén moé hinh du bao nén két qua chan
doan khong bi sai s6 cia md hinh tac déng. D4i luu may tich chi yéu tac dong dén truong lwong mua
vi vay chan doan luong mua 1a tiéu chun dau tién danh gia so d6 tham s6 hoa ddi luu.

Palcovich [27] va tién hanh so sanh ba so d6 tham sé hoa. Thich tng ddi luu, So d6 KyO, so dd
Rosenthal trén tap s6 lidu cao khong nhan dugc tir dot khao sat nhiét déi dai tdy duong. Pa tién hanh
tinh lugng muwa va su phan bd thang dung cua nhiét an cho nhiéu truong hop. Két qua tinh toan cho
thdy cuong d6 mua chan doan dugc theo phwong phéap thich img dbi lwu 4m trong mot s6 truong hop
pht hop véi thuc té khi cudng d6 mua 16n thi nd bi thap hon thuc té, khi khong c6 mua thi né rat nho.
Khao sat sy phan b nhiét an theo budc khong gian theo truc thing dimg cho thdy dam bao chinh xéac
can thong tin diy. Luong mua tinh theo phuong phap KyO va Rosenthal d6i v6i diém giita ctua doan
khao sat ngay 14/6/1974 1a 1,5 mm va 2,5 mm sau 3 gio, thyuc té 1a 1,9 mm sau ba gio. Két qua nay cho
thiy phuong phap tham sé hoa dbi luu dya trén gia thiét bat on dinh loai hai cho két qua t6t hon
phuong phap thich g dbi luu am.

Str dung s6 liéu pha thr 3 cua cudc khao sat noi trén dé kiém tra cac so dd ddi luu cling cho Kkét
luan tuong tu: So dd Azakawa - Schu bert va so d6 KyO nam 1974 cho két qua phu hop véi thuc té
hon so d6 thich tmg dbi luu am.

Dé so sanh cac dic trung ctia quan thé may quan tric dugc va cac dic trung may chan doan duoc,
can xay dyung cac mé hinh chan doan phuc tap. Ta xét phuong phap xay dung cac md hinh ndy ¢ muc
riéng.

2.10. So' dd chéin doan cac dic trung may tich

D¢ xéc dinh cac ddc trung cta may tich Vanai M [102] da xdy dung mé hinh "may trung binh".
Trong mé hinh nay di sir dung cac phuong trinh bao toan ning luong tinh cua khong khi kho va do am
cho quy mé 16n c6 tinh dén hi¢u tng ddi lwu va hé phuwong trinh md ta cic qua trinh trong may.
Phuong trinh bao toan ning lwong tinh cta khong khi kho va do am (2.15), (2.16) cho cac qua trinh
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quy md 16n viét vé dang

0s —- Jws 0 S
Q1EE-FVSV‘Fa—P:QR+L(C_e)_a_Pzi:mi(Si_S) (2.136)
oq - 0nq 0 ~
=-L +Vqv+—— |[=L(C-e)+L— (q. - 2.137
Q, p” qv e (C-e) aP?nl(ql Q) (2.137)
Tu hai phuong trinh trén ta tim dugc
gF=Ym (h, ~h) (2138)
O day:
1P
F==[(Q,-Q,-Qg)dP (2.139)
gPT

O day Py 1a ap suit dinh may.

S, q la gia tri trung binh theo dién tich gia tri s va q.

Hé phuong trinh cho dam may tich i bao gdbm phuong trinh bao toan khdi lugng, ning lugng tinh
kho, ty sb hdn hop va d6 chira nuéce cuia may:

om.
L =0 (2.140)
oP
- om.s.
£.85-08.s. +—21+LC. =0 (2.141)
1 11 aP 1
£.q-90.q +amiqi—c =0 (2.142)
i idi oP i .
om.l.
-8l +—=2++C, -1, =0 (2.143)
oP

O day &; va §; 1a d6 cudn hut khong khi vao may va dong khéi lugng thoi ra tir my tinh trén mot
don vi ap sut. r; 1a toc do tao thanh hat mua tir hat may, |; 1a d6 chira nudc ctia ddm may i. Cac ky hiéu
khac duoc str dung nhu da giai thich & trén. Dé dong kin hé phuong trinh gia thiét trong may khong khi
ludn bao hoa nén

S, -8 = —(h h) (2.144)
1+y
O day:
yziﬁi P =cosnt
Cpl| T

Lay tong hai vé cac phuong trinh (2.140) - (2.144) theo quén thé may.
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Ta ky hi¢u gia tri trung binh ¢6 trong lugng h:
Z m.h,
h =+—— (2.145)

¢ m
C

Oday m = Zmi
1

Tuong tu ta cling c6 cac hé thuc cho s, q. va L.
Tiép theo ta gia thiét
a) Ting dam may c6 16p khong khi thoi ra mong tai d6

h, =h" (2.146)
Tt (2.146) ta suy ra

~%
q; =9 (2.147)

b) P9 chtra nude ciia dam may i bang gia tri trung binh c6 trong luong theo toan quan thé may

L=1 (2.148)

¢) Cuong d6 mua ty 1€ voi d9 chlra nude trung binh ndi trén

r=f(P).l (2.149)

d) Téc d6 bay hoi bang toc do luong nude thdi ra tir may

e=38l (2.150)

Vi nhitng gia thiét trén hé phuwong trinh dé x4c dinh cac dic trung clia quan thé may tich c6 dang:

Q, -Qpg =L(c—e)+%[mc(se —§]

Q, - L(c—e)—L%[mc<qc )]

om
g-0+ € =0
op
-85+ 20 L0
op
eq-0q + dfe o0
op
m,l
-0l + +c=0
op
r= f(p)!
e=0l
~ 1 ~
s;—8=——h,-h) (2.151)

1+y

Ttr hai phuong trinh du cua (2.157) ta rat ra:
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gF = my(h, - h) (2.152)

. om
Qi -QrtLle=-8
op

c (2.153)

Heé cac phuong trinh (2.151) - (2.153) 1a mot hé khép kin dung dé tim cc dic trung cua quan thé
may tich.

Céc diéu kién bién tim dugc tir phuong trinh can bang nhiét, 4m cho 16p dudi may. Cac phuong
trinh ndy cho phép xac dinh thong luong khdi lugng va niang luong tinh 4m ciia khong khi & chan may.

Hé phuong trinh (2.151) - (2.153) cung v&i cac diu kién bién tuong tng giai bing phuong phép
lap voi gan dang ban dau ¢ = 0.

Mo hinh chan doan may da ap dung dé xac dinh cic dic trung may tich theo s lidu khao sat &
ving quan dao Mazsall tir 15 dén 22/6/1962. Phan tich két qua chin doan cho thdy thong lwong khdi
luong trong may 16n hon thong luong trung binh theo dién tich. Piéu nay c6 nghia la phai ton tai mot
dong giang ctia khong khi gitta cac ddm may. Dong giang nay lam noéng khong khi cia moi truong.

Nitta T.[79] d4 x4y dung mo hinh chan doan dya trén khai niém phd ctia quan thé may. Trong mo
hinh nay di str dung cac phuong trinh can bang nhiét va am. Cac phuong trinh ndy nhan duoc bing
cach bién d6i hai phuong trinh dau cta hé (2.151) vé dang:

p(Q-Qr) =D (§, —§)-LDé+m, 2—2 (2.154)

~

-pQ:=LD(q,—q-€é)+ meg—z (2.155)

O day éc , (Alc va & 14 céc dai lugng & muc dinh may. D va E 1a dong khong khi théi ra va thoi
vao may, tinh trén mot don vi d9 cao; m, l1a thong lugng khdi luong trong may. Cac dai lugng trén xac
dinh bang cong thuc:
dAp(z)

dz

D(z) = -mg [An(2)In[z, Ap(2)] (2.156)

Ap(2z)
E@= [Amg)n(k,z)dr (2.157)
0

Ap(z) Ap(z)
m(z)= [m(h,z)dh= [mgA)n(k,z)dz (2.158)
0 0

¢ day Ap(z) tham s6 cudn hut cia cum may tich c6 myc dinh may & d¢ cao z. Cac ky hi€u khac
nhu trong so dd Arakawa - Schulurt.

Ttr phuong trinh bao toan khdi lwong, ning lwong tinh 4m, tong lwong nude cho timg cum may
tich da tim dugc phuong trinh dé xac dinh ning lugng tinh am va tong lugng nudc.

hp + A [n(%,z)h(z')dz (2.159)
ZB

1
h.(\,z)=
D=6

%[n(%,z)(l(k, Z) + qC(K,z)] =\, z) — (A, z)t(\, z) (2.160)
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O day chi s6 "B" ky hiéu gid tri & chan may
> R;
Lie(h, A +dr)

A = 2.161
)= oontdn &

R; 1a lugng mua hinh thanh trong l6p c6 d6 day mot don vi ciia cum may i.

Tir diéu kién bio hoa khf)ng khi trong may rut ra

80,9 -5() =~ [h07) <R (z)]

Q:(n) - (@) =L [ h,(h2)~ B (2) 2.162)

O muc khéi lugng may di ra théa mén didu kién
h [LzpW)]=h.[zp)]  (2.163)

O day h [ZD (7»)] nhén dugc tir phuong trinh sau:

W[h (2p) — B () |+ 0.6 1cpT(zp [iio (2p) - Alzp)] =0 (2.164)

Véi cac diéu kién bién da biét tir (2.163) tim duoc Zp(A), tir (2.159) tim duge he(A, z), tir (2.162)
tim Sc(A, z) va qe(A, z). PO chita nude cia may I(A, z) tim duge tir (2.160). Dé x4c dinh théng luong
khdi lugng & chan may da cong hai phuong trinh (1.154) va (1.155), sir dung (2.156) va (2.157) ta tim
duoc:

p(z) -1
Jman(x z)d2. - (h, h>[ J Mp(2),2]

de(z)

-1
o= mplp()]=p(Q - Q; - QR{ J

Diéu kién bién trong md hinh nay sir dung nhiét do a0 & chan mdy cia khong khi trong may va
moi truong nhu nhau.

Mo hinh duoc tinh véi s6 lidu cua giai doan ba tham sat Dai Tay Duong (22-29/6/1969). Két qua
cho thay cac két qua tinh kha phu hop véi s6 liéu do bang may bay tham khong.

2.11. Diéu ki¢n xuit hi¢n d6i luu may tich

Diéu kién xuét hién dbi luu may tich va mua chua dugc nghién ciru mot cach dﬁy du vi vay tiéu
chuin xuét hién ddi luvu may tich trong cac so dd tham sb hoa dwoc sir dung khac nhau. Céc tiéu chuén
nay déu duwa trén cac nhan t6 chinh nhu phéan ting khi quyén, d6 am trong tang ddi luu, d6 hoi tu gio
trong 16p bién khi quyén. Céc tiéu chuin nay doi khi dua dén sy méau thuén 1an nhau. Thyc vay trong
cac so dd dua trén gia thiét bt on dinh loai hai chi st dung diéu kién hoi tu khdi lwong khong khi
trong 16p bién khi quyén; trong cac so do thich tmg d6i luu am lai coi bat 6n dinh c6 diéu kién trong
16p ¢6 d6 am twong ddi 16n hon va bang 100% khong phu thudc vao déu ctia hoi tu trong 16p bién. Con
trong cic so do dua trén gia thiét CONTRIBE thi tiéu chuan hai 14 lyc ndi cta khong khi ¢ chan may
duong va ciing khong phu thudc vao dau cua hoi tu khong khi trong 16p bién.
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Chon chi tiéu xuét hién ddi luu anh huong rat 16n dén truong may va truong dia thé vi du bao.
Ngay nay c6 rat nhiéu cong trinh nghién ciru diéu kién xuat hién déi luu may tich & nhiét déi. Cac két
luan cua cac cong trinh déu théng nhat 1a & nhiét d6 khi quyén hau nhu ludn 13 bt 6n dinh c6 diéu
kién; dbi luu tich cuc quan sat thy ¢ noi d6 hoi tu ctia gio 16n va chuyén dong thing.
Trén co s& d6 diéu kién xudt hién dbi luu phai théa man déng thoi cac hé thie sau:
os
-— >0
op
oh
— <
ap
P — doh
| (V.V h + e dp>0 (2.165)
P

PB

0

Pay 1a cac diéu kién thuong duoc st dung trong cc so d6 tham sé hoa dbi luu dya trén gia thiét
vé bat 6n dinh loai hai song d6i khi dung trong cac so dd dua trén gia thiét CONTRIBE.
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