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B5: D6 am khi quyen




Nhac lai vé chu trinh nwoc
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Luong nudc tham gia vao chu trinh nudc hang ndm tuong duong 16p nudc day
Im phu déu trén bé mat Trai dat

Luong nudc ton tai trong khi quyén tuong duwong 16p nude day 2.5cm phu déu
trén bé mat Tra1 dat



Cac pha cua nwoc va sw bao hoa

& Nudc co thé ton tai & ba trang thai khac nhau (ba pha):
Trang thai khi: Ho1 nudc
Trang thai long: Nudc long
Trang thai ran: Bing, tuyét

@ Su bao hoa hot nuéc (cua khong khi)

No water vapor “Saturation ~ -

Flat water )
/ surface covered { - 1

Evaporation Condensation Evaporauon Condensatlon
rate rate
Pure H,O
(a) (b) fC)
Khong khi Khong khi
Khong khi kho

chua bao hoa da bao hoa



Bao hoa
Su chuyén pha:

Nuéc 1ong > Hoi nude: Boc hoi

Bing, tuyét > Hoi nude: Thing hoa

Hoi nudc > Nude 1ong: Ngung két

Nudc long 2 Béng/tuyét D()ng két

Hoi nuéc =2 Bang/tuyet Két tha la qua trinh nuédc chuyen tur
pha khi sang pha ran (vi du sy hinh thanh swong muoi)

Chua bio hoa: O nhiét do cho trudc, khong khi chira mot
leong hot nude nho hon lwong ma no6 co thé chira
Bio hoa: O nhiét do cho truoc, khong khi chtra duoc

mot lurong hot nude t6i da ma néu bo sung thém nita nd
s& ngung keét

Siéu bio hoa: O nhi¢t do cho trude khong khi chira mot
lwong ho1 nudc nhiéu hon kha nang chira cua no

® o8 8 D



Ap suit hoi nwoc

@ Ap suat hoi nuéc trong khi quyén 1a
ap suat riéng cuia hoi nudc, va con
duoc goi la stre truong hot nude
Ap luc cta cOt khong khi chi chira hoi

nudc thuan tuy

Phu thudc vao ca nhiét do va mat do
phan tor nudc
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@ Ap suat hoi nuéc bao hoa la ap suat .|
rieng cua hoi nudce trong cot khong .«
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khi da bao hoa hot nuodc

vapor pressure

vao nhiét do
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Nhiét do cang cao thi kha nang chua  { «;
nude cua cdt khong khi cang I6n nén ap =
suat hoi nudc bao hoa cling phy thugc |

IS
&

w
o

(63/6) Apiwiny oyoads uones

(&)

nes



Luvuy

@ Ap suat hoi nuéc biéu thi trong khong khi chira bao
nhiéu ho1 nudc

@ Ap suat hoi nuéc bio hoa biéu thi khong khi co thé chua
duogc bao nhiéu ho1 nude (phu thudc vao nhiét do)



Cac dac trueng do am

@& Do am riéng: La khoi lugng hoi nudc trong mot don vi
khoi lrong khong khi (g/kg) m m

LT v
Do am riéng bio hoa (q,) B m N m,+m,

& Do am tuyet d6i: La khéi lwong ho1 nude trong mot don
vi thé tich khong khi (g/m®)  _ ™,
D¢ Am tuyét ddi bio hoa %

& Ty soO x4o tron hay ty hon hop 1a ty so gitta khoi lugng
hoi nuéc trén khoi luong khong khi kho (g/kg) o m

Ty s0 x40 tron bio hoa n,



Cac dac trueng do am

& Do am twong doi: La ty so gitta lugng hoi nude trong

khong khi trén lugng ho1 nuéce trong di€u kién bao hoa (%)
RH=r=U=2Lx100%

@ Chuy: q;
RH khong phan 4nh lugng am chira trong khong khi
RH cho biét mtrc do “kho” cta khong khi (mitc d6 hao nuée), do

d6 phan anh kha ning boc hoi

@ Q: Tai sao ta can may hit am? Va can trong trudng hop

nao?



Grams of water vapor per kilogram of air

Cac dac trueng do am

@ Su phu thudc vao nhiét 3o cua dd am twong doi

= (@) — (b)

I—Sat specific
humidity

Sat specific
humidity

RH = £ x100% = 60%

Actual —Actual
specific specific
- humidity humidity

T=14°C, (57.2°F) T=25°C, (77°F)
(saturation specific (saturation specific
humidity = 10 g/kg) humidity = 20 g/kg)
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RH=2§O><100%=30%

Mot vi du vé bién thién cua do
am tuong doi1 va nhiét do

Cung mot lugng am trong khong
khi, nhiét do khac nhau thi d6 am
turong do1 khac nhau.
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Cac dac trueng do am

@ Diém suong: La nhiét do tai d6 khong khi can dat duoc
dé dat t6i bao hoa
Diém suong phan anh duoc ham luong nudc trong khong khi

Do hut diém suong (chénh 1éch giita nhiét do va diém suong)
phan anh kha ning boc hoi



Diem swong va ham lwong hoi nwoc




Can nho

Nhi€t d6 khong khi qpyét dinh & Cac bién dd am

lwong ho1 nude co thé chira trong &
2 Ap suat hoi nuéc

khi quyén , "
Khi lugng hoi nudce cuc dai chia (Suf’ rwong hos
trong khi quyen thi trang thai bao nuoc)

hoa xay ra Do am riéng

O nhiét do cho trudc, khong khi co
thé chira mot luong h0’1 nudc nho
hon hoic bang lugng hoi nudc &
trang thai bao hoa

Piém suong cO the phan anh luong
ho1 nude thyue té c6 trong khi
quyén

&

Ty s0 xao tron

&)

D6 am tuong doi

&)

Diém suong
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Mot vidu: Khi T = 21.1°C

® Khong khi chua bao hoa

Ap suat hoi nudc = 14mb
Ap suat hoi nudc bio hoa
=21mb

Do am riéng = 9 g/kg

Do am riéng bio hoa = 16
glkg

Ty 0 x40 tron = 9 g/kg
Ty s0 x40 tron bio hoa =
16 g/kg

Do am tuong d6i = 56%
Piém suong = 11.1°C

© Khong khi bao hoa

& ®

& ®

Ap suat hoi nudc = 21mb
Ap suat hoi nudc bio hoa
=21mb

Do am riéng = 16 g/kg
Do am riéng bio hoa = 16
glkg

Ty s6 x40 tron = 16 g/kg
Ty s x40 tron bio hoa =
16 g/kg

Do am twong doi = 100%
Piém suong = 21.1°C



Bang tra diem swong

gu% .Wet Bulb Depression, °C '
(°C) (Dry Bulb Temperature Minus Wet Bulb Temperature = Wet Bulb Depression)
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Bang tra diem swong

Dry

Buib 'Wet Bulb Depression (°F) .
(°F) (Dry Bulb Temperature Minus Wet Bulb Temperature = Wet Bulb Depression)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

0 ~7-20

5 | -1 -9-24

10 5 -2-10-27

15 | 1 6 0 -9-26

20 | 16 12 8 2 -7-21

25 | 22 19 15 10 5 -3-15-51

80 | 27 25 21 18 14 8 2 -7-25

35 | 333028 25 21 17 13 7 0-11-41

40 38 35 33 30 28 25 21 18 13 7 -1-14

45 | 43 41 38 36 34 31 28 25 22 18 13 7 -1-14 De

50 | 48 46 44 42 40 37 34 32 29 26 22 18 13 8 0-13 ing

55 | 53 51 50 48 45 43 41 38 36 33 30 27 24 20 15 9 1-12-59 e, e

60 | 58 57 55 53 51 49 47 45 43 40 38 35 32 29 25 21 17 11 4 -8-36 ’afures

65 | 63 62 60 59 57 55 53 51 49 47 45 42 40 37 34 31 27 24 19 14 7 -3-22

70 | 69 67 65 64 62 61 59 57 55 53 51 49 47 44 42 39 36 33 30 26 22 177 11 2-11

75 | 74 72 71 69 68 66 64 63 61 59 57 55 54 51 49 47 44 42 39 36 32 29 25 21 15 8 -2-23

80 | 79 77 76 74 73 72 70 68 67 65 63 62 60 58 56 54 52 50 47 44 42 39 36 32 28 24 20 13 6 -7-53

85 | 84 82 81 80 78 77 75 74 72 71 69 68 66 64 62 61 59 57 54 52 50 48 45 42 39 36 32 28 24 19 12 3-12

90 | 89 87 86 85 83 82 81 79 78 76 75 73 72 70 69 67 65 63 61 59 57 55 53 51 48 45 43 39 36 32 28 24 19 11 1

95 | 94 93 91 90 89 87 86 85 83 82 80 79 78 76 74 73 71 70 68 66 64 62 60 58 56 54 52 49 46 43 40 37 33 29 24
100 | 99 98 96 95 94 93 91 90 89 87 86 85 83 82 80 79 77 76 74 72 71 69 67 65 63 61 59 57 55 52 50 47 44 41 37
105 | 104 103 101 100 99 98 96 95 94 93 91 90 89 87 86 84 83 82 80 78 77 75 74 72 70 68 67 65 63 61 58 56 54 51 48
110 | 109 108 106 105 104 103 102 100 99 98 97 95 94 93 91 90 89 87 86 84 83 81 80 78 77 75 73 72 70 68 66 64 62 60 57
115 | 114 113 112 110 109 108 107 106 104 103 102 101 99 98 97 96 94 93 92 90 89 87 86 84 83 81 80 78 76 75 73 71 69 67 65
120 | 119 118 117 115 114 113 112 111 110 108 107 106 105 104 102 101 100 98 97 96 94 93 92 90 89 87 86 84 83 81 80 78 76 75 73
125 | 124 123 122 121 119 118 117 116 115 114 112 111 110 109 108 106 105 104 103 101 100 99 97 96 95 93 92 90 89 88 86 84 83 81 80
130 | 129 128 127 126 124 123 122 121 120 119 118 116 115 114 113 112 110 109 108 107 106 104 103 102 100 99 98 96 95 94 92 91 89 88 86




Bang tra do0 am twong doi

I|33url{> Wet Bulb Depression, °C
(°C) (Dry Bulb Temperature Minus Wet Bulb Temperature = Wet Bulb Depression)
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Bang tra do0 am twong doi

IIBDJlstI) 'Wet Bulb Depression (°F) _
(°F) (Dry Bulb Temperature Minus Wet Bulb Temperature = Wet Bulb Depression)
1 2 3 4 56 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

0 67 33 1

5 | 73 46 20

10 78 56 34 13

15 | 82 64 46 29 11

20 85 70 55 40 26 12

25 | 87 74 62 49 37 25 13 1

30 89 78 67 56 46 36 26 16 6

35 | 91 81 72 63 54 45 36 27 19 10 2

40 92 83 75 68 60 52 45 37 29 22 15 7

45 | 93 86 78 71 64 57 51 44 38 31 25 18 12 6 elative

50 | 93 87 80 74 67 61 55 49 43 38 32 27 21 16 10 5 Midiity, ,

55 | 94 88 82 76 70 65 59 54 49 43 38 33 28 23 19 11 9 5 Alue

60 | 94 89 83 78 73 68 63 58 53 48 43 39 34 30 26 21 17 13 9 5 1

65 | 95 90 85 80 75 70 66 61 56 52 48 44 39 35 31 27 24 20 16 12 9 5 2

70 95 90 86 81 77 72 68 64 59 55 51 48 44 40 36 33 29 25 22 19 16 12 9 6 3

75 | 96 91 86 82 78 74 70 66 62 58 54 51 47 44 40 37 34 30 27 24 21 18 156 12 9 7 4 1

80 | 96 91 87 83 79 75 72 68 64 61 57 54 50 47 44 41 38 35 32 29 26 23 20 18 15 12 10 7 5 3

85 | 96 92 88 84 81 77 73 70 66 63 59 57 53 50 47 44 41 38 36 33 30 27 256 22 20 17 15 13 10 8 6 4 2

90 | 96 92 89 85 81 78 74 71 68 65 61 58 55 52 49 47 44 41 39 36 34 31 29 26 24 22 19 17 15 13 1 9 7 5 3

95 | 96 93 89 86 82 79 76 73 69 66 63 61 58 55 52 50 47 44 42 39 37 34 32 30 28 25 23 21 19 17 15 13 11 10 8
100 | 96 93 89 86 83 80 77 73 70 68 65 62 59 56 54 51 49 46 44 41 39 37 35 33 30 28 26 24 22 21 19 17 15 13 12
105 | 97 93 90 87 84 81 78 75 72 69 66 64 61 58 56 53 51 49 46 44 42 40 38 36 34 32 30 28 26 24 22 21 19 17 15
110 | 97 93 90 87 84 81 78 75 73 70 67 65 62 60 57 55 52 50 48 46 44 42 40 38 36 34 32 30 28 26 25 23 21 20 18
115 97 94 91 88 85 82 79 76 74 71 69 66 64 61 59 57 54 52 50 48 46 44 42 40 38 36 34 33 31 29 28 26 25 23 21
120 | 97 94 91 88 85 82 80 77 74 72 69 67 65 62 60 58 55 53 51 49 47 45 43 41 40 38 36 34 33 31 29 28 26 25 23
125 97 94 91 88 86 83 80 78 75 73 70 68 66 64 61 59 57 55 53 51 49 47 45 44 42 40 38 37 35 33 32 30 29 27 26
130 | 97 94 91 89 86 83 81 78 76 73 71 69 67 64 62 60 58 56 54 52 50 48 47 45 43 41 40 38 37 35 33 32 30 29 28




Po do am

& Am ké: La mot cap nhiét ké kho va nhiét ké ué6t
Nhiét ké udt 1a nhiét ké c6 bau dugc quan bang mot miéng vai
“fin” nhung mot phan vao nudc dé dam bao no6 luén am dén
muc bao hoa




Po d¢ am

@ Nhiét 36 u6t (Tw): La nhiét do do duogc ciia nhiét ké udt.
D6 1a nhiét dd ma khong khi c6 thé dat dugce néu qua
trinh boc hoi dat trang thai bdo hoa
Tw ludén nho hon hodc bang T
Tw luén biang hoic 16n hon diém swong

@ Chénh léch gitra nhiét do kho va nhiét 4o uot:

Cang 16n néu khong khi cang kho
Cang nho néu khong khi cang am
Bang 0 néu khong khi bao hoa



Po do am
& Am ké toc: Po d6 am dua trén nguyén 1y co gidn cia soi
toc
@ Am ky: Do va ghi




Sw ngung két trong khi quyen

Ngung két hinh thanh may va swong mu trong khi quyén
Ngung két xay ra khi khong khi bi lanh dén dudi diém
suong

Thong thuong qua trinh ngung két doi hdi phai co hat
nhan ngung két: Vai tro cua aerosols

Nhan ngung két: Sy hinh thanh cac giot nudc trong
khong khi do hoi nudc ngung két

Ngung két thuan tuy: Su hinh thanh cac giot nudc nho
va cham ngau nhién cua cac phan tr hoi nudc khi khong
cO aerosols

Strc cang mit ngoai lam cho céc giot nudc boc hoi nhanh

Pé hinh thanh may can ~400% hoi nudc bdo hoa



Ngung ket thuan tuy

@ Giot nude vo cung nho




Ngung ket thuan tuy

@ Giot nude vo cung nho

Evaporafion >

Evaporation




Ngung ket va aerosols

& Nhan ngung két khong thuan tuy: Su hinh thanh cac giot
nudc trén cac hat aerosols (Nhan ngung két)
Cac hat aerosols hoa tan vao giot nudc
Xay ra khi ¢ trang thai gan bao hoa

Ciing co thé xay ra khi cac hat aerosols c6 kich thudc 16n va

khong hoa tan



Ngung ket va aerosols

@ Giot nuoc vo cung nho (¢co aerosol hoa tan)




May trong binh

@ Nén khi vao moi1 binh, cho mot 1ic r61 mé nap binh




May trong binh

@ Nén khi vao moi1 binh, cho mot 1ic r61 mé nap binh

No Cloud!! Cloud!!



Nhan bang

@ Nhan bang 1a hat bang trong nhu hat bui (aerosol) trong
do bang hinh thanh khi bao hoa

Nhan bang phu thudc vao nhiét do

0°C > T > -4°C Khong c¢6 nhan bang
-4°C>T>-10°C C6 mot it nhan bang
-10°C>T Tuong d6i nhiéu nhan bang

@ Két qua 1a nude siéu lanh ton tai nhu swong mu va may
¢ nhi€t do trong khoang 0°C va -10°C

@ Duo1 -10°C c6 su pha trdn cua nudc va bang si€u lanh



Ngwng két trong khi quyen

@ Su ngung két tao thanh may va swong mu tir viéc lam
lanh theo hai hinh thuc
Lam lanh phi doan nhiét: Khong khi mat nhiét do trao doi véi
xung quanh (khong khi bé mit lanh di vé ban dém)

Lam lanh doan nhi¢t: Khong khi mat nhiét khong c6 qua trinh
trao doi voi xung quanh (khong khi bi lanh di do thing 1én)



Lam lanh va do't nong doan nhiét

Xét mot phan tir khong khi (qua bong tham khéng)
@ Khong khi chuyén dong lén
1) Khi 4p mo1 truong xung quanh giam

2) Phan tir khong khi gidn nd (doi hoi cong sinh ra)
3) Khong khi b1 lanh di do cong sinh ra la tur nd1 nang
@& Khong khi chuyén dong xudng

1) Khi ap mo1 truong xung quanh tang

2) Phan tir khong khi bi nén (doi hdi cong sinh ra)

3) Khong kbi b1 lam nong 1én do cong dugc thuce hién boi
chinh phan tir khong khi (nd1 nang)



Lam lanh va do't nong doan nhiét

© Gradient doan nhiét kho (Dry adiabatic lapse rate): Muc
do lam lanh (d6t nong) khong khi chua bao hoa khi n6
chuyén dong Ién (chuyén dong xuong)

= 9.8°C/km (12 hang s0)

@ Gradient doan nhiét am (Moist adiabatic lapse rate):
Mitrc d§ 1am lanh (d6t nong) khong khi da bao hoa khi
n6 chuyén dong 1én (chuyén dong xuong)

~ 5°C/km (variable)
—> Nho hon gradient doan nhiét kho?



Gradient doan nhiét kho va doan nhiét am

= B = B
| T
]

e I
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Khong khi chua bao hoa (9.8°C/km) Khong khi da bao hoa (5°C/km)



Lam lanh va do't nong doan nhiét

@ Gradient nhi¢t do mo1 treong: Murc do thay doi nhiét do
khong khi theo d6 cao

100

200 —

300 —

400 —

500 —

Pressure (mb)

600 —

700 —

800 —

900 —

1000 - | | | | | | | | | | | |__2I<m

-80 -—-70 —-60 -50 —-40 -30 -—-20 -—10 0 10 20 30 40_]km
Temperature °C

-112 -94 -76 —-58 —40 -—22 —4 14 32 50 68 86 104
Temperature °F
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Cac dang ngwng ket

& Suong: Su ngung két hoi nude trén bé mat hodc trén cac
vat ¢ bé mat

© 2010 Pearson Education, Inc.



Cac dang ngwng ket

@& Suong gia, bang gia: Su dong két hoi nudc trén bé mat
hoac trén cac vat 0 bé mat

© 2010 Pearson Education, Inc.



Cac dang ngwng ket

& Dong bing, dong lanh: Ngung két thanh bing
& Suong mu: Su ngung két ciia hoi nudc gan bé mat dat
hinh thanh dam may tiép xtic vdi bé mit

@ May: Su ngung két hoi nude & trén cao



Swong mu

Suong mu buc xa: Hinh thanh vé ban dém do khong khi
bi lam lanh khi tiép xtc voi bé mat

@ Lién quan v4i hién tuong nghich nhiét
Suong mu binh luwu: Hinh thanh khi khong khi nong, am
di chuyén trén bé mat lanh hon va bi 1am lanh
Suong mu suon déc: Hinh thanh do su lanh di cua khong
khi khi di chuyén lén doc suon doc
Su:ong mu boc hoi (Steam fog): Hinh thanh khi khong
khi néng, am tron 1an véi khong khi lanh hon
Suong mu giang thuy (Precipitation fog): Hinh thanh khi
cac hat nuwdc mua bi boc hoi bd sung hoi nuée vao moi
truong xung quanh sau d6 ngung két




Swong mu binh lwu

NN ¥
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Swong mu bo'c hoi




