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Chuwong 1

CAC THONG SO TRANG THA.

Thdéng sb trang thai la nhitng dai lwgng vat ly cé gia tri xac dinh 6
mot trang thai nao dé. Thong so trang thai la ham chi phu thudc vao trang
thai ma khOng phu thudc vao ua trinh.

Céac thong sO trang thai gom: ap sudt p, nhiét do T, thé tich riéng V,
entanpi 1, entropi s, exergi e. Trong do p, V, T goi la cac théng s6 trang
thai co ban. & day can lwu y nhiét lvong g, cong 11a cac ham phu thudc vao
qua trinh nén khong phai la cac thOng sb trang thai.

11 AP sult

Cac don vi thuong dbng dé do ap suat
N/m2 = Pa (Pascal)
1 MPa = 10 kPa =10 Pa = IgBN/m2
1bar = 10 N/ni2 = 750 mm Hg
1 at = 0,981 bar = 0,981 . 10 Pa 7355 mmHg
= IOmli2 = 14,696 psi
1 mm Hg = 32 33 N/m2 (Imm Hg cbn goi la tor)
1 psi =1 Zbf/1 2 = 6894,76 N/m2
Ap sudt t yét dd'i trong binh chira dugc tinh nhu sau:
- Ap sudt binh chtta 16n hon ap suét khi troi:
Ptd=Pd fPkt
- Ap su@'t binh chtta nhd hon &p suét khi trdi:
Ptd=Pkt-Pck
o day: Ptd - ap suédt tuyét déll
Pkt - dp sudt khi troi (do bang baromet)
Pd  4p sudt du (do bang manomet)

Pck - 4p sudt chan khong (do bang vacumet).
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1.2 NHET 0d

Nhiét do biéu thi mic do néng lanh cla vat. Khi do nhiét d6 nguoi ta
thwong dung cac thang do nhiét do sau day: nhiét dé bach phan (nhiét doé
Celsius) t ¢, nhiét do tuyét dé (nhiét dd Kenvin) T K, nhiét do Farenheit
t F . Quan hé gilta chung nhuv sau:

TK = t.c f273,15

tc = - (tF-32
; )

tF = 1,8t.c +32
A(C) = At( K) AtF = I,8At C

Can lvu y la chi c6 T.K méi la thong s8"trang thai

0
212 F Nhiét do diém soi 100.C
cla nudéc
t
180 khoang & didu kién ap suét tiéu chuan vat Iy 100 khoang
chia dé chia d6é
! -
32.F Diém déng bang 0c !
OF clia nudéc 32.F
-17.8.C
-40.F 40 ¢

Pé dé dang khi st dung phan phu luc c6 bang tinh déi gitta ¢ va F
1. THE TiCH RENG v, ntYkg

Thé tich riéng la thé tich cta mo6t don vi khéi lwgng v, m~/kg
v =X mdkg; o = Viz % kg/m® (khoi luong riéng)

G
1.4 Noi NANG u, Jkg

NOi nang (ndi nhiét nang) la nang lwgng cla cac phan t chuyén dong
trong vat. N6i nang cua khi ly twdng chi phu thudc vao nhiét doé va duoc
xac dinh: Al =U2 - Ul =Cv (t2 - ti)

& day: ov nhiét dung riéng khéi lwvong déng tich. o
Vi khi thyec ndi ndhg la ham phu thudc vao ca ba théng s6 co ban p, v, T.
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1.5 ENTANPI i, J/kg

Entanpi dwoc dinh nghfa bang biéu thic.:  ir-u + pv.

Eiitanpi ctua khi Iv twéng chi phu thudc, vao n.hiét dé va xac dinh theo
quan hé: A =1 -ii = c (12 - ti).
& day: g) - nhiét dung riéng khéi lwong dang ap.

V6i khi thuc entanpi la ham phu thudc veio ¢ bai théng sé co ban p, v, T.

1.6 ENTROPI s, J/kg K

Entropi la ham trang thai, vi phan clia né la vi phan toan phan duoc
xac dinh bang biéu thic: ds=dq/T

1.7 EXERGI e, Jkg

Chang ta biét rang tat ca cac dang niang luong fngoai nhiét nang) nhu:
co nang, dién nang, héa nang.... déu o6 thé bién dodi hoan toan thanh cong
trong cac qua trinh thuan nghich. Ngugc lai du la trong qua trinh thuan
nghich '"hang ta chi c6 thé bién déi mot phan cla nang lwgng nhiét thanh
cong. Chlng ta goi exergi la nang lwong cd thé bién doi hoan toan thanh
cong trong qua trinh thuan nghich. B6i véi nhiét nang g ta cd thé viét:

g=e+a

trong do: e - exergi; a - anergi (la phan nhiét ndng khong thé bién doi thanh
cong).
Nguoi ta da chirng minh dugc cac cong thirc sau:
Exergi clia dong chat chuyén dong:
e = -T {s-s ) (1.2)
& day: i, s - entanpi va entropi clia mbi chat & trang thai ban dau
io, so CAc thong sd clia mdi chat ¢ trang thai cudi can bang vai moi
truvong ¢ Po, To khong doi.
Exergi cua nhiét lwgng q & nhiét do T:

T
1--N 1.2
q g (1.2)

& day: To - nhiét do khéng dbi clia méi truong.

Gia tri exergi ¢6 thé mang dau dwong hodc am. B9 16n exergi la gia tri
tuyét doi cta no.
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BAI TAP

1.1. Chi s6 Manomet cua 10 hoi la 0,3 at, chi s6 Baroinet & 0 ¢ Ila
785 mniHg. Xac dinh ap suat tuyét doi cla hoi trong 10 hoi.
Giai Ap suét tuyét dol cta hoi trong 10 hoi:
785

= = = 1,367 at
Ptd = Pd + Pkt = 0,3 + 7355

Ptd = 1,367 x 0,981 = 1,34 bar

1.2. Xé&c dinh ap suét tuyét dol cta khi trong binh co 1&p ap ké. Néu manomet
chi 500 mmHg, Baromet chi ap sudt khi quyén 750 mm Hg & 0 ¢, (&
day ta coi cot &p clia Manomet & o.c, nghfa la khong can hiéu chinh do6
gian nd cla c6t ap nay).

bap 6" 1,69 at hay 1,666 bar

1.3. Xac dinh ap sudt tuyét dél cta khi trong binh chtra c6 nhiét d 170 c
néu Manomet chi 500 mmHg, ap suét khi troi do bang baromet chi
760 mmHg & nhiét dé 30 c trong hai trwong hop:

a) Coi chiéu cao cua cot thiy ngan trong ap ké khéng doi theo nhiét do.

b) Coi chiéu cao cot thiy ngan h phu thudc vao nhiét dé theo quan hé:
ho= h(l - 0,000172 t)

& day: ho - la chiéu cao cot thiy ngan & o.c

Giai, a) p=Pd + Pkt =500 + 760 = 1260 mHg; p = 1726600 = 1,68 bar
b) Chiéu cao cot thiy ngan trong manomet qui vé 0.c:

ho =h( - 0,000172 t) =500(1 - 0,000172 x 100) =491,4 mmHg
o day nhiét do trong cot thay ngan ldy bang nhiét do trung binh gilta
nhiét do ngoai troi 30.C va nhiét dé trong binh 170.C :
t = % (170 + 30) = 100.C

Chiéu cao cot thiy ngan trong Baromet qui vé o.c :
ho = n(1 - 0,000172t) = 760(1 - 0,000172 30) = 756 mmHg
Vay ap suat tuyét doi cta khi trong binh:
p = 4914 + 756 = 1247,4 mmHg & o.c

p = 12474 = 1.663 bar
750
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S
1,663

Tii day ching ta thdy khi nhiét a6 trong binh va ngoai troi khOng cao
thi ta dO thé bd qua viéc hiéu chinh chiéu cao cot thly ngan trong cac ap ké
chat léng thUy ngan.

dui sol’ggg'trlu%%g hop a so v6i truofig hup b~

1.4. Xac dinh ap suéat khi troi & 0 ¢ néu baromet chi 755 minHg & didg kién
nhiét do la 30.C
Pap s61 bar hay 750 mmHg

15. MOt binh c6 gén vacuinet

thdy ngan dugc dat trong NSOy
phbng 0O gidn manomet I p

H20. X&c dinh 4ap suat

tuyét doéi cua khi trong I

binh  néu biét chi sb ISOmm Hg
vacumet la 180 mmHg, chi m r

s6 manomet la 50 mmHsO

v dp sudt khi troi do bang

baromet & 30.C la 750 mmHg.
Giai. Ap suét tuyét d6i trong phOng:  Pf =Pd + Pkt

Vi & day khdong cho biét nhiét dd trong binh va nhiét dd phOng nén ta
¢ thé bo qua hiéu chinh cOt chat I6ng trong vacumet va manomet. Ta sé
chi hiéu chinh doi voi baromet.

Pd = 50 mm H20 = 50 = 0,005 at
10.000

hki = h(l_ 0,000172 )
= 750(1 - 0,000172 X 30) = 746 mmHg & O.C
746

= = 1,014 at
Pt 735,5

Pf = Pdt Pkt =0,005 + 1,014 = 1,019 at

- Ap suét tuyét &6i trong binh: Pb = Pf - Pck

Pck = 180 mmHg = 7205 = 0,245 at; Pb= 1,019 - 0,245 = 0,774 at
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1.6. Trén duwong khoéi ra khoi 10 hoi do dat quat hut nén ap suat tuyét doéi cla
khoi sé nhé hon ap sudt khi
roi. D€ do ap suat cua khoi i B,
njr;,udi ta dung ap ké chat léng
H20 dat nghiéng 30 . Biét
chiéu dai cot nuwoc trong ap ké a
la 160 mm, ap sudt khi quyén
740 mmHg & o.c. Xac dinh
ap suat tuyét doi cua khoi.

Khaoi

e B e
nuncecnw nwLoc—uw

Pap s6: 734,1 mmHg

1.7. Trén duwong khéi ra cla 16 hoi c6 dat quat hit. Dé do ap sudt cua khéi ta
dung ap k& nghiéng 30.C, chat léng la dau hdéa cd khdi lwong riéng
0,8 kg/lit. Chiéu dai c6t chat léng trong ap ké chi | = 200mm, biét ap
suat khi quyén 745 mm Hg. Xac dinh ap sudt tuyét doi cta khoi.

Giai. Ap sudt tuyét dol cua khoi: P = Pkt- Pck

& day: pk = gp-h
Chiéu cao cdt dau trong h duwgc tinh:

h = Isina = 200 x sin30 = 100 mm = 100.10°* m

Pck = 0,981x0,8 . 10.~x100 . 10" = 785 N/m” = 785 X750 =5,89 mmHg

10

p = Pkt- Pck =745 - 5,89 = 739 mmHg

1.8. DO chan khdéng trong binh ngung hoi cla tua bin cd chi sb
9,52 MH20, chi sé cla baromet thiy ngan la 740 mmHg. Xac dinh ap
suat tuyét déi ctua haoi trong binh ngung.

Dép s6: 0,054 at hay 0,0529 bar

1.9. 1 kg khong khi chuyén déng trong 6ng c6 nhiét do ban dau bang nhiét do
moi truong 27.C, sau khi nhan nhiét, nhiét dd6 khéng khi tang lén dén
127.C. Xéac dinh luwogng bién doi exergi cta 1 kg dong khi dé khi biét
cp = IkJ/kg d6 va bién doi entropi: As =0,29 kj/kgdo.

Giai. Exergi 0 trang thai ban dau: ei = ii - o - To(si - so)

Exergi & trang thai cudl: 62 = i2 ~io - To (S2 - So )
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Vay bién dbi exergi:
e =e2 - ei =12 il ~To(S2 - Si)=Cp(t2 - ti) Tq As
= 1(127 - 27)- (27 +273) x 0,29 = 13 kJ/Kkg

1.10. Hoi nuéc & trang thai dau oo ii = 3050 kJ/kg, si = 7,1kJ/kg dd, sau khi

gian n& dang &p dén trang thai hai co 12 = 2950 kJ/kg, s2 = 6,92 kd/kg do.

Xac dinh bién doi exergi cta 10 kg hoi nwdéc d6 khi biét nhiét d6 moi
trvong to = 27.C

Dap s6: 460 kJ

1.11. 1 kg hoi NH3 di vao binh ngung c6 ii = 2100 kd/kg, si = 7 kd/kg do, sau

khi ngwng tu dang &p trong binh ngung, chat 16ng ngung c6

12 = 410 kJ/kg, S = 0,7 kd/kg do. Xac dinh bién diexergi trongquéa
trinh NH3 ngung tu dé néu to =27 c.

Dap s6: 200 kJ/kg



Chuong 2

PHUONG TRINH TRANG THAI, HON
HOP KHI, NHIET DUNG RIENG

2.1 PHJONG TRINH TRANG THAI KH LY TUONG

Khi ly twédng la khi duoc xem nhw khéng c6 luc twong tac gilia cac phan
ttr, khong cd thé tich ban tharf phan tl, nghia la cac phan tl cla khi ly
twdng chi la cac chat diém chuyén dong. Trong thuc té chat khi & nhiét do
cao va ap suat ti V) cd thé coi la khi ly twdng (& vi tri cach xa duong gidi
han trén), vi du k.. ng khi, khi O2, N2... & diéu kién binh thwdng, déu co
thé coi la khi ly tudng dé xo ly.

Phuong trinh trang thai véi 1 kg khi: pv = RT

Phuwong trinh trang thai véi G kg khi; pV = GRT

Phuong trinh trang thai voi 1 kmol khi:  pv, = R,T

& day: p - 4p sust tuyét déi, N/m°
V - thé tich riéng, m3/kg
T nhiét do tuyét déi, K;
V - thé tich,
VA- thé tich cGa 1 kmol, m”/kmol
R - hang so' chat khi, J/kg K
RJ hang s0' phd bién cta chat khi, J/kmol.K.
Hang sb' chat khi dwoc xac dinh bang biéu thic:

rR=~ =M gk

& day: ii 12 phan ti lwong cla khi. Kilomol khi 1a lwong khi tinh bang kg c6
gia tri bang phan ti lvgng cla khi do, Vi du =32 kg....
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2.2 HON HOP KH LY TUONG
Hon hop khi 1a hdn hop oo hoc clai cac khi thanh phan khi khong xay
ra phan ¢ng héa hoc. Néu cac khi thanh phéan 1a khi Iy twdng ta c6 hén hop
khi 1a khi Iy twéng.
1. Tinh chéat ctia hdn hop khi ly twéng
Ap sudt cta hon hop tuan theo dinh luat Dalton:
p P,
i=|
& day: p - ap sudt cta hén hop khi
Pi ap suat riéng phan (phan ap suat) clta cac khi thanh phan trong
hon hop
Pol v6i 1kg hon hop khi:  pv = Rhh T
Pol véi G kg hon hop khi:  pv =GRhh T
Dol v6i 1 kmol hon hop khi: p = R'T
o day: = 8314 J/kmol.K hang s6 ph6 bién clha chét khi
Phh  khoi lvgng cla 1 kmol hSn hop
f hh = , J/kg K -hang s6. cha khi ctia hon hop.
Mhh
Pé xac dinh Rhh va Phh can biét cac thanh phan cta hon hop
2- Céac thanh phan cua hon hop

- Thanh phan khéi lvong gi: gi = —GI-
- Thanh phan thé tich ri: ro= \'/
- Thanh phan kmol rj: n =
M

trong do6: Gi - khéi lvong cla khi thanh phan trong hén hop, kg

G - khéi lvong clia khi hén hop, kg

V - thé tich ctia hon hop khi,

Vi - thé tich cula riéng phan cla khi thanh phén,

Mi - sd. kmol clia khi thanh phan; M s6 kmol ctia hon hop khi.

3. Xac dinh cac dai lwong ctia hén hop
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r=Mh" = th—8314—'R
gi B

4- Xac dinh phan ap suat cta khi thanh phan
Pi = rip
2.3 NHET DUNG RIENG (\DR)

Nhiét dung riéng la nhiét luong can dé lam tang nhiét do cia mot don
vl do luvong vat cha't Ien mot dd trong moét qua trinh cap nhiét nao do.
1. Cac loai nhiét dung riéng
- NDR khéi lvgng:  Khi lwong vat chét do bang kg, ky hiéu 1a ¢ (J/kg do)
- NDR thé tich: Khi luong vat chat do bang mét khoi tiéu cl/adn (1a
m” & diéu kién tiéu chuan t =o.c, p =760 mm Hg),
Ky hiéu: c. (J/m?cdo)

- NDR kmol: Khi luvgng vat chdt do bang kmol, ky hiéu:
¢ (J/kmol do)
- NDR dang &p: Khi qua trinh xay ra & ap sudt khong doi, ky hiéu:
G cp .
NDR dang tich:  Khi qua trinh xay ra & thé tich khéng d6i, ky hiéu:
o,c. @ .
2. Quan hé gitra cac loai nhiét dung riéng
a
P— = R; = k;

G, = pc = 22/4c.
3' Xac dinh giéa tri nhiét dung riéng
Nhiét dung riéng la hang s6: Trong tinh toan khong can do chinh
xac quéa cao hodc khodng bién thién nhiét dd6 khéng Ién, dé don gian trong
tinh toan, nguodi ta thwong xem nhiét dung riéng la hang s8. Céan cl vao
trng loai khi: mot nguyén t, hai nguyén t&... va phan tl lvong cla khi dé
xac dinh NDR.
c = va C =
22,4
Tri s6 @ tra & phan dau cla phu luc (Bang 1)
- Khi can do chinh xac cao trong tinh toan, hoac khoang bién thién

nhiét do rat Ion thi c6 thé xem NDR phu thuéc nhiét d6 theo quan hé
duong thdng va tinh nhu sau:
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th_J

g%
= - = : tl
ab=c Atcoxto ¢ Xty

o day: At =12 - ti
la nhiét dung riéng trung binh trong khoang nhiét d Lr

0 -- 12\ 0-4i va dugc xac dinh tir cac bang so hodc tinh theo cong thic &
phan phu luc (Bang 2 ~ bang 6)
NDR cla phan hon hop kki 4
c=Xg,c.; €= ~rc'; = ~rg;
Tinh nhiét theo NDR 5
Q = GCcAt

Néu chat khi dwoc coi la khi ly twdng thi ¢ = const, néu la khi thyc thi

c —Qi) —c "2 phu thudc nhiét do.

BAI TAP
2.1. X&c dinh thé tich riéng, khoi lvgng riéng cia khi N2 & diéu kién tiéu
chuan va & diéu kién co ap suat dv la 0,2 at, nhiét d6 127.C. Biét ap
Suat khi quyén la 780 mm Hg & o.c.
Pap s6: V=0,96 m~/kg; p - 1,04 kg/m~

2.2. Xac dinh thé tich riéng va khéi lvong riéng ctia O2 & diéu kién tiéu chuan
va & diéu kién nhiét d0 27.C, ap suat du 2 bar. Biét ap suat khf troi la
750 mmHg ¢ o.c .

Pap s6: V=0,26 m\dig; p = 3,85 kg/m~

2.3. Nguoi ta bom khi CO2 vao binh chia c6 thé tich la 3m”; manomet cla
binh chi ap suéat trwéc va sau khi nap khi 1a 0,3 at va 3 at. Nhiét do khi
tang 1én tr 45.C dén 70.C . Xac dinh khdi lvong khi da nap vao binh
néu ap sudt khi quyén la 760 inmHg & 0 ¢ .

Giai. Lvong khi bom vao binh: G =G2 - Gi
Gx la lvong khi c6 san trong binh

: . . _ PV
piV= GIRTi; GiI = RTi

G2 la luvgng khi trong binh sau khi d& nap thém vao
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P2V = G2 RT2; G2 =

RT,
Vay: g = vV P2 Pi
RvT2
Ap sud't manomet chi 1a ap suét dw, do d6 ap suét tuyét doi dwoc tinh;
Pl = Pkt + Pdi - 760 + 0,3 x 0,98 = 1,307 bar
750

P2 = Pkt + P2 = +3 X 0,98 = 3,953 bar
r = 934 8224 - 189 J/kg. K

[ ] [ ] 5
G = 3,95310" 1,307-10° _ 118 kg
189 70+273 45+273
2.4. Mot binh co6 thé tich 0,5m” chta khong khi & ap suédt dw 2 bar, nhiét do
20.C. Lwvong khong khi can thoat ra khéi binh la bao nhiéu dé ap suat
trong binh c6 d6 chan khéng 420 mmHg trong diéu kién nhiét do khi xem
nhw khéng d6i. Ap sudt khi quyén l1a 768 mm Hg & 18.C, p = 29Kkg.
Pap s6: 1,527kg
2.5. M0t xylanh-piston c6 dung tich 0,8m” chia khdng khi & diéu kién ap
sud su la 2 bar. Piston cla xylanh sé dich chuyén mot doan duong la
bao nhiéu dé cho &p sudt cla khong khi dugc nén 1én dén 8 bar & nhiét
d6 khong doi. Biét dwong kinh clia xylanh la d = 0,6m
Gidi. Thé tich ng v6i khoang dich chuyén x cla piston 1a:

V=Vi-V2="x; X = 4V
4 71d

Khi nhiét d6 khong doi ta co: Ti =T2=T
piVi = GRTI; P2V2 = GRT2

tac: " =B hay Ve=VIA
1 P2 P2

V=Vi-V2 =Vi-Vi~; V=V =0,81l--] =0,3m"
P2 P2 |

Y %03 _ e
Tt 3,14x0,6
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2.6. Piston chuyén dong trong xylanh chtta klii ly tw éng cé 4p suat dw ban dau
0,2 at. Khi piston dich chuyén V& phiai sau, do chan khong cla khi la
600 mmHg. Ap sudt khi quyén 780 mmiHg & 0 ¢ . Xac dinh su thay d6i
thé tich V2/V1.
a) Gia sl trong qua trinh piston dich chuyén nhiét do khong khi khong
thay doi.

b) Gia st trong quéa trinh piston dich chuyén nhiét do khong khi giam di
2 lan.

Pap s6%a) V2AM =5,16; b) V2AM =2,58

2.7. Mot bong den dién chira khi gobm phan hinh cau A

c6 thé tich va =90 cm* va phan hinh tru B c6 thé

tich ve = 15 cm® Khi chwa thdp sang nhiét do

trong bong dén déng déu va bang ti = 25.C, do

ché&n khong trong bong den la 200 mmHg. Sau khi

dot néng dén ché do 6n dinh, nhiét do trong phan

hinh cau tA = 160.C, nhiét dé trong phan hinh

truc tB = 70.C . Xac dinh ap sudt ctua khi trong

bong dén sau khi d6t nong (thdp sang). Biét ap

suat khi quyén 760 mmHg.
Giai. Ta biét rdang khéi lugng khi N2 trong béng dén la khéng thay doi
tretrc va sau khi thap sang, truéc khi thadp sang nhiét dé va ap sudt dong

déu trong bong, do do: Gi=G2=G
Gi = ol @)
G2=Ga+Gb= /" + -V (b)
RT RT. Ry :
tir (a) va (b) ta o6 P2 = VF’iV
Vo ;

V=Va+Vb =90 +15=105cm =105.10 ®
Pl = Pkt - Pck =760 - 200 = 560 mraHg = 0,747 bar
Ti=25+273=298.K;Tn =160 +273 = 433.K ;T =70 + 273 = 343.K
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6
L, 0747 10°10 _ 105 bar

90-10® | 15 *10.®1
433 343

2,s. Mot kg khong khi khé (gébm N2 va O2) co Lliaiih phan khéi lwgng gj =
76,8%; go = 23,2%. Hay xac dinh thanh phan thé tich, hang s chét

khi, kmol cta khéng khi va phan &p suét cia khi N2, O2. Néu biét ap
suat khi troi la 760 mmHg

Giai. Thanh phan thé tich tinh theo thanh phan khéi luvgng: ri =

6027102 _23.2/32

=0,21 =21%
" " g2 /r 02 +gN2'-2 ~23,2/32 +76,8/28
iN=1-r02 =1- >21=79=9 >%
Kmol |i ctia khéng khi:
n =1Irn+ =N\ = 32 +0,7 28 =29 kg/kmol
Héng s6 chat khiR; R = =287 J/kg K
IX 29

Phan ap sud't cla trng khi thanh phan: p =rp
Poo2m= P = 7’21 N 30 = 159,4 mmHg
Pn2 = N? A" 600,6 mmHg
2.9. Thanh phan thé tich cta cac sdn pham chay (khéng chtta hoi nwéc) nhuw

sau; CO2 = 12,3% , O2 = 7,2%; N2 = 80,5%.
Tinh p, R, v, p cla san pham chay khi p = 750 mmHg va t =800“C

Pap s6: p = 30,3 kg/kmol; R =274 J/kg K
v=294m/kg; p =034 kg/m~
2.10. cdi nén hon hop khi c6 thanh phan khéi lwong gc0j = 18%;
go,, = 12%: gN, = 70% dén &p sudt bang bao nhiéu dé khi t = 180.C

thi 8 kg hon hop khi dé chiém thé tich 4m~.
béap 6% 2,46 bar

2.11. Trong mOt binh thé tich 125m” chira khi dot c6 &p sudt 3,92 bar, nhiét
dd 18.C. Thanh phan thé tich la: H2 = 0,46; CH4 = 0,32; co 0,15,
N2 = 0,07. Sau khi dung mot thoi gian ap sudt cla nd gidm dén 3,04 bar
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va nhiét d6 12.C. Tinh lwong kni chdy da dung.
Dap s6: 51,4 kg

2.12. Tinh nhiét dung riéng trung binh khéi lvong dang ap cla khi N2 tw
nhiét dd 200.C dén 800.C .
Gidi. T cong thirc nhiét dung riéng trung binh:
1

— "X to-c¢ th
= At 0 0

& day: At = to- ti =800 - 200 = 600.C
T bang nhiét dung riéng trung binh cta N2 ta co:

0,00008855 + 1,024 t,kJ/kg K
0,000088554 + 1,024 X 800 = 1,095 kag.K

ti = 1,024 +0,00008855 X 200 = 1,042 kag.K
0

Y38Pacon ab - x800-1,042x200
| bCO !
Khi tinh gan dung ta c6 thé coi bang nhiét dung riéng trung binh tir
0 thve th=500 =(2+[) C

Ob = 1,024 +0,8855 . 104 tb = 1,024 + 0,8855 . 10.4 500 = 1,07 kag.K
Sai s0 gap phai la 4%

2.13. Trong mot binh kin thé tich V = 300 lit chita khong khi & ap suét
p3 = at, nhiét do i\ = 200.G . Xéac dinh nhiét lwvong can cap dé nhiét do
khong khi tang dén 120.G. Khi tinh xem nhiét dung riéng la hang s6
va phu thudc nhiét do, kiém tra lai do sai so trong hai trwvong hop.

Giai. Khéi lvgng cUa khong khi chira trong binh:

G=a4a ! =.3x0'98 105x0,3 1 kg
RTi 287(20 +273)
Khi coi khong khi la khi Iy twéng, nhiét dung riéng la hang s6 (khong
khi la khi hai nguyén t), tv bang ta ¢c6 a; = 20,9 kJ/kmol K. Vay nhiét
dung riéng khd'i lvong dang tich cUa khong khi:

L, 20,9
2

oV — =0,72kJ/k"K
¥ 9
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Nhiét lwgng can cung cap:
Qv =G .cv (t2-ti) =1,05 x 0,72 (120 - 20) = 75,6 kJ

Khi coi nhiét dung riéng phu thudc nhiét do, tr bang nhiét dwng riéng

ta co: c, 0,00009299 0,7088 = t, kJ/kg.K
0

2

Nguoi ta da chérng minh rang mudn timc chi can thay t = ti + t2

vao cong thiec ¢ . Vay ¢ day ta co:
0

2.14.

2.15.

2.16.

2.17.

" 20,7088 --0,0009299 (ti +12)

cb =0,7088 + 0,00009299 (20 + 120) = 0,7218 kJ/kg K
Nhiét luong can cung cap:
Qv = Gevtb (t2-ti) = 1,05 X 0,7218 (120 - 20) = 75,79 kj
Sai s3'trong hai trwong hop: = 0,25%
75,79
Khong khi dugc lam lanh tlr 1000 ¢ dén 100 ¢ & ap sudt khoéng doi.
Xac dinh luong nhiét cta 1 kg khéng khi tda ra, khi tinh ta coi nhiét
dung riéng la hang s6 va phu thudc vao nhiét do. Tinh sai s6 trong hai
truong hop.
Dap s6: q = 988,2 kJ/kg;
sai SO 8 %
Khéng khi & nhiét d6 o.c, ap suat 760 mmHg chira trong binh kin c6
thé tich 100 Iit. X&c dinh nhiét lvong can cung cdp dé lam ndéng khdng
khi tdng 1én dén 200 c. Khi tinh coi nhiét dung riéng phu thudc nhiét
do.
Pap s6: Qv = 18,5 kJ

4m” khong khi & ap sud't dwv Pd = 2at, nhiét d6 20.C duwoc dét néng dén
120.C. Xéc dinh nhiét lwong can cap trong diéu kién ap suat khong doi
néu coi nhiét dung riéng la hang s6 va ap sudt khi quyén Ia 1 at.

Dap s6: Qp = 1410kJ
Xac dinh nhiét dung riéng trung binh khdi lwong dang ap va nhiét
lvgng can cdp cho I0kg hon hop khi c6 thanh phan khdi lugng:
02 =10%; CO2 = 10%; N2 = 80% dé nhiét do tir 200.C tang dén 800.C .
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Giai:
02 :) = 0,9205 + 0,00010(55t
2 20,0203 + 0,0001065(200 t 800) = 1,0268 k&g .K
CO2: 02 0,8654 + 0,0002443
|t|2 = 0,8654 + 0,0002443(200 + 800) = '1,1097 k&g .K
N2: g - 1,024 t 0,00008855

2
tl

Theo cOiig thtrc tinh lihiét dung riéng trung binh: Go= g Ga

= 1,024 t 0,00008855(200 + 800) =1,1126 k&g .K

Tacé: Qb 0,1  x 1,0268 + 0,1 x 1,1097 + 0,8 x 1,1126 = 1,04kJ/kg K
Qp- ceptb (2- 10= ( x 1,04(800 - 200) - 6624kJ
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PDINH LUAT NHIET BONG THU NHAT
VA CAC QUA TRINH NHIET BONG
CUA CHAT KHI

3.1 BINH LUAT NHIET BONG THJ NHAT

I- Dang t6ng quat cia phuctng trinh dinh luat |
q = AW + /12 (3.1)
& day: AW = Wi - W2 - bién d6i nang lvong toan phan cla hé
/12 ¢cbng ngoai ma hé trao ddi véi moi trwong.
Trong hé kin, nang lvgng toan phan la néi nang w = u, céng ngoai la
cong thay doi thé tich /ni2 = 2.
Trongzhé hé, nang luong toan phan cla hé la entanpi va dong nang

w=iH - cong ngoai cla hé (khi bd qua bién d6i dong nang) la cong k¥

thuat /nl2 ~ 7ktl2
2. Phuvong trinh dinh luat | cho hé kin va hé hé

Voi moi Khi:

q = Au +/i2; dg
q A+ /Kti2 dq

du Hpdv (3.2)
di - vdp

voi khi ly twong:  dg = CvdT + pdv
dg = CpdT - vdp (3.3)
3- Phuwong trinh dinh luat I cho dong lvu dong
Khi chuyén dong trong ong dong khi khong trao ddi cong véi moi
treong (/ni2 =0) va bién déi nang lvong cua dong:
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AW = A+ -
Vay trr (3.1) ta co phwong trinh dinh luat I cho dong khi:
(WO\
dqg = di+d (3.4)
4, Phuong trinh dinh luét | cho cac qué trinh hon hop doan nhiét

Khi hén hOp doan nhiét (g = 0) c6 khi khéng trao déi céng v&i moi
trwong (/n = 0), vay tir dang téng quat cta phwong trinh (3.1) ta ¢6 dong cu
thé cta phwong trinh dinh luat | cho cac qué trinh hén hor.

Au =0, hay: Wi = W2 - const (3.5)
3.2 CAC QUATRINH NHET BONG co BAN AJA KH LY TUONG

I- Bién d6i ndi nang va entanpi cta khi Iy twéng

Au = - 1 = C(t2- ti)
Au = 12 - ii = Cp(t2 - ti)
2- Qua trinh dang tich
Phuwong trinh: v = const
Quan hé gilta cac thong sb co ban: - = IL
Pi
Coéng thay doi thé tich: li2 = 0
Cong ky thuat: /kti2 = V(P2- pi), J/kg
Nhiét cua qua trinh:
q = cwt2-tl) = Au,Jkg
Qv - s OCv(t2 tl),J
Bién doi entropi: As = n —Q
T
3. Qua trinh déng ap
Phuwong trinh: p = const
Quan hé gitta c4c théng sb: 2" h
| Tl
Cong thay dobi thé tich: /12 = p(\V2- Vi),
Cong ky thuat: hn2 e 0

Nhiét cla qua trinh: op = Gop = ocp (t2 - tl)>
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Bién doi entropi: As = clj,n-l;\
4. Qua trinh dang nhiét

Phuvong trinh: pv = const, (T = const)
Quan hé gilta cac thong 3"

Pi 2
Cong thay déi thé tich va cong ky thuat:

n2 = iktlz2 = RT/n™ = PLVi/n"
P2 2
Nhiét cia qua trinh:  gx = 1\2
Bién ddi entropi: As = R/n™» = RZn"
1 P2

5. Qua trinh doan nhiét (g 20)

Phuong trinh: pv€ = const v6i s6 mi k = —

r AN
Quan hé gilta cac thong 8" — =
Pi vo2y
Cong thay ddi thé tich: N - kR 01-T2)
-1
k1™ _ k-1 “
g (p2 K RTi | pg %
<Pl > k-1 \P| >

Cong ky thuéat: /ktl2 = k1i2
Bi€n doi entropi: As
6- Qua trinh da hién
Phuong trinh: pv* = const

0: S2=sSi =const

£2
Pi <2
] n-1
- n-I i-\|
T2 c1d 2y
R

Cong thay doi thé tich: J\2 = . (Ti - T2)
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ni n-1
I - PiVi .- n RTi § ‘P2 M
n-1 pil n-1  ypin
Cong ky thuat: /kti2 = nZi2
Nhiét cla qua trinh: qQn = cgn = Gen(t2 - ti)
Nhiét dung riéng Qt  c¢n = c%ll(

Bién doi entropi: As

Cn/n —

3.3 QUA TRINH HON HOP cac khi
C6 ba cach tao ra hon hop khi khac nhau: hon hop trong thé tich da
cho, hon hop theo dong, hon hop khi nap vao thé tich o3 dinh.
Chung ta chi xét qué trinh hén hop doan nhiét va khéng trao d6i cong
voi moi trvong, nén theo (3.5) ta cd phwong trinh dinh luat I
Wi = W2

& day: Wi - nang lwong ciia hé trude khi xay ra hon hop

const

W2 ning lugng cla hé sau qua trinh hon hop.
I- H6n hop trong thé tich da cho
Phuong trinh dinh luat I: u =

Thé tich ctia hon hop:  V =y V

Nhigt do cia hén hop: T = QYT

Ap sudt cta hon hop: o _
Ti

o day ky hiéu voi chi 8"i la cla khi
thanh phan tao nén hon hop.

2. Hon hop theo dong

Hon hop thec dong tao nén khi ta cho
nhiéu dong khi hoa tron vao nhau tao nén
dong khi hdn hop. Pong nang clia dong khi
duwoc bo qua.

Phuong trinh dinh luat I

S
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Nhiét d6 cta hon hop khi ly twdng:
m_ A ECI]

Thé tich cta hon hop khi cho biét ap suét cta khi hon hop p:
D z.'"T
V6i khi thuc, vi du H20 c6 thé dung do thi i -s, cac diém A, B la trang
thai cla hoi tham gia hén hop. Trang thai cta dong hon hop ¢ nam trén
dwong AB chia n6 theo ti I& nghich voi gi, g2 T diém ¢ ta co thé tim duoc
c Sc> Pe» Tec,...
3- HOn hop khi nap vao thé tich c6 dinh
HOn hop dugc tao nén khi ta bom thém vao mot binh chira khi nhitng
dong khi khéc.
Phuwong trinh dinh luat.l: w = 1 +1i
& day: 1 -ndi ndng cla khi co sdn trong binh
li entanpi clia dong khi nap thém vao
u - ndi nang cta hon hop khi trong binh.
Nhiét do ctia hdn hop khi ly twéng: P

" Einvi
GRT

Ap suét ctia hon hop khi biét trwde thé tich V: p = v

3.4 QUATRINH NEN KH

May nén khi cé rdt nhiéu ching loai (piston, truc vit, xodn &c, canh
gat, ly tdm, huwéng truc..) nhung khi phan tich vé mat nhiét dong ching
déu gidbng nhau nén & day ching ta chi néu Ién cac cong thic tinh cho may
nén piston la loai s dung ra't pho cap. May nén la thiét bi tiéu t6"n cong
(cobng co gia tri am) nén & day cdng tidu hao cang nhd cang tot.
3.4.1 May nén piston mot cap

I- Cong chia may nén Iy twdng

Khi nén dang nhiét: Lmn - piVi/n— = GRTi In—
\V/ Pi

Khi nén doan nhiét:

k s r k-1/k _ TIVALELEN
- K1 PiVi [x 1] = k_IGRTIIX. : ]
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Khi nén da bién
F— nr_'l Pjviix MM = — 1
trong dé: Pi - N/m™ ;
Ti-"NMK;
V-m;
G-kg;
L<mm ]

X= — goi la ti Onén
Pi

Con néu tinh Vi (m /s), G(kg/s) thi Lnin (w) goi la cong suét.

2. Cong cha may nén thuc

31

May nén thuc 1a may nén ma piston khong chuyén dong dén sat nap
xylanh (n6 c6 mét khodng khéng khi dém dwoc goi la dung tich thira Wt).

Ngoai ra & day con ké dén cac anh huong khac nhuv hién twgng ma sat...
Cong cla may nén thwc giong nhuv biéu thic tinh cong clia may nén

ly

tudng o trén, chi khac & day la Vi = V(m”, mVs) la lugng khi hat thuc,

G(kg, kg/s) la khdi lwgng khi hat vao nnay nén. Vi du khi nén da bién.
Yym = —  PiVi[x"" "—Iin = — -grtJx"-I'"-1l
& day: V =
A - hé sd' nap; Vh -thé ticll hanh trinh cla piston
= NtLow A
trong dé: Ai - hé s6 ké dén anh hudng cla thé tich thira
Ay - hé sb' k& dén anh hudng cla qué trinh tiét lwu qua cac van
Av-h

D>

s0' ké dén anh hudng clia viéc dot noner khi tir vach xylanh

5 50 ké dén anh huong sw ro ri moi chat

= 0
D> >

s0' ké dén cac anh hudng khéac.

Vh = s .z .n (in"s)
d (m) - dwong kinh xylanh;

s (m) - hanh trinh cla piston
z - s0' xylanh trong mot cap nén
n (vg/s) - s0' vong quay cla truc khuyu trong 1 giay.

Néu ké dén cac anh hudng khac nhv ma sat cia khi (thé hién béng
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hiéu sudt cda chi thi ), ma sat cta 6 truc khuyu (hiéu suat co .), anh
hudng cta khop truyén dong (hiéu sua.t truyén dong T1J), cja dong co dién
(hiéu suat dong co ( ,). Cong hodc cdng suat tiéu thj dién nang cija may

nén sé la: Ld = L J. W)

li lcndndc
3- Nhiét lam mét xylanh trong qua trinh nén
Néu la nén da bién 1 < n <k, nhiét can phai lam mat xylanh (nhiét
tda ra trong qua trinh nén):

n-l
Qn = Gen (T2 - Ti) =GenTi x~ 1/
n-k
nh — Qv
n-1

3.4.2 May nén piston nhiéu cép

I- Ti s6 nén cua cac cép

& day: m - s0. cA"p nén; Pc ap suat cudl; Pd’ ap suat dau
Ap sudt sau cac cdp nén ting theo cdp B nhan cong bdi 1a x.

Cap 1 P2 =Pix
Cap 2 Pi =Pix"
2. Nhiét do

Nhiét d6 vao cac cdp nén nhw sau: Ti = T3 = T5 ...
Nhiét do ra cac cap nén nhuv nhau:

T2 = T4 = Te = TiX -~A
3- Thé tich xylanh

Céap 1: Vi
Céap 2: V3 =Vilx
Céap3: V5 = Vi/x»

Thé tich xylanh gidm theo cdp s3'nhan cong bdi 1/x
4- Cong clla may nén nhiéu cép
Lmn = mLi
& day: m - sO cdp may nén;
Li cbng cua cap th nhat.
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Nhiét iTa .... khi ncn vi lam mat trung gian
Nhiét Iéa ra khi nén cac cdp nh” nha.a:

@ = CnTi (x”™-1)
Oday: On - nhiét dnn” riéng cla ué trinh da biCn.
Nhiét thai trang qua trinJi lam mat trun 'gian sé nhuv sau:
gn = Cp(T -Ti)

day Cp - Aihiét dung riéng khéi lvong dang ap.
BAI TAP

3.1. D€ nén 3kg khi metan (CH) nguoi ta can tiéu tén cong nén 800 kJ va
IUc nay n6i ndng cla khi tang mot lugng 595 kJ.

Xac dinh nhiét lwong thai, do bién thién nhiét do va bién thién noi

nang cua khi nén, néu cho biét nhiét dung riéng ox = 26,48 kJ/kmol K

Pap s6' Q = 205kJi At =120 K, AL= 782 kJ

3.2. BoT. nhiét lvgng thé.tich 300 cn® chira day O2 & ap sudt 25 bar, nhiét do
20.C . Nguoi ta dot 0,3g nhién liéu cO nhiét tri 25,1 MJ*g. X&c dinh ap
sudt va nhiét do cudi qua trinh chay néu bd qua nhiét téa ra ngoai qua
thanh hcm nhiét lugng.

Giai. Nhiét tdéa ra khi dot 0,3g nhién liéu:

Q = 0,3:163%x25.1-1863 = 7,53 kJ
Nhiét nay dét nong hon hop kh.i tao nén sau khi chay:
Q = Gc (t2-ti)
Tl day suy ra nhiét do sap khi chdy 2:
' o '

6 day: G - khd' liigng cis. khi sau kh! ch'y (gobm CO2 tao ra va 0 con lai)

cv - nhiét dung riéng clia hon hop khi do.
Luwong khi O2 IUc dau chra trong bom:

PiV 25.185x0,3.1 "'

0 .
b RTI 82;4 (20+273)

= 9,8.10-3kg = 98 g

Khi .chdy xady ra phan @ng:
c + Q = CO2
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129 +32g = 44q
0.3g + 0,3— = 0,3-
12 12

x 32
lvong O2 da tham gia vao phan (g chay; szo's = 0,8¢

Vay luong O2 con laf trong boin: 9,Sg - 0,89449 g 2
Lugng CO2 tao thanh sau ljhan (ng chay: —1>§O 3 l.1g

Khéi luvong hon hop khi sau khi chay™
G= G2+ G2 =9+11 = 101g

Nhiét dung riéng khoi lwvgng dang tich ctia hén hop:
Q= §gc =1h> g tyd Lix ans

Vay nhiét do khi sau khi chay:

2 = 7,53 +20 = 1155.C
10 I-103x0.,657
Ap suA khi sau khi chdy:
gy Lo9213 " 122 bar

P2 = P 20+273

3.3. Trong mot binh kin thé tich V = 0,015 m chta.lwong khdng khi v i ap
sudt dau Pi = 2bar, nhiét do ti = 30.C. Nhiét do va 6p suat sé thay doi
ra sao néu ta cap cho khong khi lvgng nhiat 16kJ.
X&c dinh lwong bién ddi néi néng, entanp va entropii Khi coi khéng khi
14 khi ly twéng.

Giai. Khéi lvgng khdng khi trong binh:

piV = GRTi- G = 2105 = x0,015 03450. kg
F RTi 273(30+273)."

VI déy la qua 'trinh déng tich nén nhiét dd cubi qua trtaih:

QV = Gecv
v6i: o = N 209 3ag K
i 29
2 -+t = 16.103 +30=674..
oy 0,0345x"2.103
Ap sudt cudi qua trimh: P2 Pi A - Fy8ra+ars bar=6,25

30+273
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Luong bi€u doi ndi nang:
Qv = M Q, =14 = 16k
Luong bién doi entanpi:
m = Ghi = Gep<t2 - ti)
29,3

) : klJ/kg K
Cp U 29 \]/ g
M = 0,0345 2353 (674 - 30) = 22,44 kJ

Luong bién doi entropi:

28,3J/ K

As = Gcevin® =0 ,0_3 4 5
Pi 29 2
3.4. Xylanh c6 duong kinh d = 400 LU chita lwong khong khi cé thé tich
V = 008m~ ¢ ap suat 3 bar. nhiét dd 15 c¢. Hoi lwc tac dung Ién piston
sé tang Ién bao nhiéu néu khong khi trong xylanh nhan nhiét lvgng
80 kJ trong diéu kién pi§t9P. kboiig dich chuyén.
bap s6; At = 4,99-10"N

35. Mot binh kin thé tich o.era” chira khong khi & ap sdiat 5,1 at, nhiét do
20 c. DE lam )anh binh nguoi ta ldy di lwong nhiét 105 kj. Xac dinh
nhiét do va ap sudt trong binh, luong thay doi entanpi sau qua trinh
lam lanh do.

Pap so: t2 =—20,7 ¢ : P2=43bar; A1 = 147kJ

3.6. Ng i0i ta gia n ,iét cho 1 kg khong kil trong diéu kién &p sudt khong doi
p - 2 bar tr nhiét d6ti =20 ¢ dén t2 = 110 C. Xac dinh thé tich cudi,
nhiét lugng can cap, céng thay doi thé tich, lvgng thay ddi ndi nédng,
luong bién thién entropi.
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Giai

Hinh 3.3

Pay 1a qua trinh déng &p cda khi ly twdng, thé tich cudl dwoc tinh:

v2 = Rb_ 287(21}00+27i) = 0,549 m3/kg
P

Lwong nhiét can cung cdp cho 1 kg khéng khi:
— @ —Cp “ ti 23{;3 10 (110 - 20) = 90,9 . 10" J/kg

Lwong thay ddi ndi ndang
29,3

= (Au = ov(i2 - ti 25’3 10M(110 - 20) = 64,8 . 10"MJ/kg
Cong thay doi thé tich

gp = Au +/i2

2 = gp-Au= (90,9 - 64,8)-10 = 1-10MJ/kg,26

Lwong bién thién entropi
— . = A AFIN A X —
As = Cp/n 29 n"i/ ](80+27%) 271J/kg K

3.7. Thé tich khong khi trong xylanh c6 duwong kinh d = 600 mm,
Vi = 0,41 & nhiét d6 20 c. Néu khong khi nhan lvgng nhiét 99,5 kJ
trong diéu kién ap sudt khong ddi va piston dich chuyén 400 mm.

Hoi nhiét do cudl va ap suéat trong quéa trinh la bao nhidu.-
Pap 0% t2 =101 C; p = 2,5 bar

3.8. 1 kg khong khi & ap sudt Pi = lat, thé tich riéng vi = 0,8 m~/kg nhéan
lvong nhiét 100 kcal/kg trong diéu kién &p sudt khong doi. Xac dinh
nhiét d0 dau, nhiét do va thé tich cudi?

Pap s6; ti = 0™C ;12 =416.C; W - 2,02 m /kg
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3.9. Khoéng khi trong xylanh gian nri dang nhiét ¢ t = 20.C tr thé tich
Vi = 1,5 m?, ap suat Pi =5 bar dién \'2 =5,4 mA" Tinh lvong nhiét cung
cap, cong thay doi thé tich va coitig k§ thuat, bién doi ndi nang entanpi
va entropi.

Giai. Pay la quéa trinh dang nhiét cla khi Iv twéng. Qua trinh duoc biéu

diéu trén H.3.4 duti day.

Bién d&l ndi nang va onlanpl trong qué trinh dang nhiét cUa khi ly
twd.iig: 1 = = (vl \T = 0
Nhiét cung cdp cho trinh:

Qt = Li9 = 19
COng kY thuat bang cOng thay ddi thé tich:

Lkti2 = Li2
\Y
Li2 = piVi/nil=3Db5BX I,5xIn = 9,6. 10’

1
Lwong bién thién entropi:
Qt .D|3 = GRIn - 2 9,610 = 3280 J/ K
Vi T 20+ 273
3.10. 1 kg khéng khi duoc nén dang nhiét & nhiét do t = 30.C tir 4p suat dau
pi = 1 bar dén ap suat cubi r> = 10 bar.
a) Xac dinh: thé tich cubi, cdng nén, luong nhiét thai.
bl So sanh cong tiéu hao v6i qua trinh nén doan nhiét trong cung diéu
kién ap suat nhu trén. Biéu dién qua trinh trén ddthip- vvaT- s
Déap s6: a) v2 = 0,087 mVkg; N2 =-200 kJ/kg = zktl2; q = -200 kJ/kg
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b) t2=312 C;v2 =0.168 ma/kg; /i2 -202,2 kJ/kg; Zkti2 = -283 kJ/Kkg

8.11. Khong khi dugc nén doan nhiét tr trang thai ban dau co
ti = 15C, Pi = lat dén trang thai cudi c6 P2 = 8at. Hay xac dinh cac
théng s6 trang thai cudi t2, v2 clia khong khi nén, céng thay do6i thé
tich, cong ky thuat, hudéng bién déi ndi nang va entanpi.

Giai. Day la qua trinh doan nhiét cla khi ly twdng, qua trinh duoc biéu

dién trén H.3.5.

Hinh 3.5
Nhiét dd sau khi nén:
.k 141
8 14
T2 = Ti T2 = (15+273)( = 288 X 1,811 = 522K =249.C
iPij
Thé tich cuoi:
RTilp i< 287x288 ( Y
V2 = VI ) - Pl = 0,1906 m /kg
[P21 Pi (P2, Ix0,98xI0 78
Cong thay doi thé tich:
o k-lk
1- P2 = - 168 J/kg
K=l [pij
Cong k¥ thuat cua qua trinh (chinh la céng clla. may nén)
~ktl2 = = —1.4 X 168 = —235,2 J/kg

Lwong bién doi ndi nang:
g= Au+22 =0
Au = - 112 = 168 J/kg
Luwong bién déi clia entanpi:
q = A+ Zkil2= 0
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A = - Zkti2 = 235,2 JZkg

3.12. Khong khi trong xylanh & trang thai dau Pi = 6at, ti = 25 ¢ sau khi
gidn nd doan nhiét thé tlch tang Ién gdp hai. Hay tinh 4p suat va nhiét
d6 cudi qua trinh. Cong thay ddi thé tich cla Ikg khong khi

Dép $0: P2 =222 bar t2=- 47 C; /52,2 =2 kJ*kg

3.13. 1 kg khong khi  ap sudt Pi = lat, nhiét d6 ti = 30 c. sau khi bi nén

' doan nhiét ap suat tang Ién 10 lan.
Xac dinh: thé tich, nhiét do sau khi hén, cOng ctia may nén.
Pap s6..t2=312 Civ2=0,171 m g
Imn = /ktl2 = 282.8 kJ™g

3.14. 1 kg klirviig khi dugc nén da bién (n = 1, ) t.rong may. nén tir nhiét do

ti =20 ' p.lidt. Pi =0,98 bar dén ap suat p2 = 7,845 bar.

Xéc dinh nhiét .60 cudi qua trinh nén, lwong bién doi ndi nang, ent.anpi,
cOng ky thuat cUa qué trinh.

C-iai. Bay la qué trinh da bion cla khi ly twong, qué trinh dwoc biéu dién
trén do thi (H.3.0).

HbIH3.6

Nhiét do cuOi cua qua trinh nén:
n-1 1,2-1

T o= Ti = (20+273) 762‘;5' 12
vPi/ '

- x D415 = 414K =141 c 293
lvgng fiién doi ndi nang

m. o (2-ti) = .103(141 - 20) <71 g -2
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Lwong bién ddi entanpi:
Al = cp (12 - ti); = = k=14
A = 14Au x 87,2 = 122,08 J/kg
Lwong nhiét thai ra trong qua trinh nén:

;M —Cn®@2 ~ti) — & 2‘1( (ti-t2)

= 0,72 . (141-20) = -87,2 J/kg
1.2-1
Cong thay doi thé tich
RTj (=D 287x239 7.845 1'12;
2= ) % pal X239 T 2 = . 174)kg
11-1 Pi J 1,2-1 0,98
Tinh cach khac, theo dinh luat I: O = Au +1i2
12 = gn - Au = 87,2- 87,2 = - 174,4 J/Kg
cong ky thuat: /kt = w/i2 = 1,2(-174,4) = - 209 J/kg

3.15.

3.16.

3.17.

Can nén luong khong khi tr Vi = 10 m”, »i = 0,9 bar, ti = 17"C dén
p2 = 7,2 bar, V2 = 1,77 m" Xac dinh s8'mi da bién n, cong thay déi thé
tich.

Pap s6: n = 1,2; L12 = 1872 kJ

1.5 kg khéng khi dwoc nén da bién tr »i = 0,9 bar, ti = 18"C dén
p2 = 10 bar. 2 = 125 ¢. X&c dinh s8'mu da bién n, thé tich sau khi nén
va lvgng nhiét thai ra.

Péap s6: n = 1,149 ; V2 = 0,171 Qn =195 kJ

Trong mot binh chra 2 chat khi A va B ¢6 1M
nhiét do nhv nhau t = 300 ¢ dugc ngan cach AB 1 B
béi tdm chidn M (H.3.7), tdm ch&n nay c6 dac \ |
tinh 1a chi cho khi B di qua. Thé tich phia trai 1

. . 3 e . P [ P
vach ngan Vi = 0,5m* phia phai vach ngéan ]
V2 = 0,25 m”~ Khoi lvgng khi A la 1,44 kg, khi Hinh 3.7

B la 0,464 kg. Khi A va B duoc coi la khi ly
twdng co: W =28 va Pb =2

Xac dinh:
Ap sud"t ban dau ri, r2 tng vdi thé tich Vi, V2 khi chua bd td"m ngan.
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Xéc dinh &p suat clia hon hop khii sau khi bd.tdm ngan.
Giai

Chang ta nhan thay rang trong thé tich Vi co chat khi A va B con
trong thé tich V2 chi co6 khi B. Vay ap suat Pi trong Vi la ap suat cua khi
hon hop cla khi A va khi B nén .pi = Pa + Ril- Con ap suat P2 trong V2 chi
la ap sudt cua khi B (P2 = Pb).

Vi khi A chi c6 trong Vi (va =Vi)nén ta co:

PaVa = GaRaT
GRT 1.44x8314(300+273). _, A
PA = — = =4 F
Vi 28%0,.5 9 bd

Khi B ¢ thé khuéch tan qua mang chan va chiém ca thé tich Vi va V2
nén Vp =Vi + V2, vay:
PobVr = GbRbT

GbR6T _ 0.464x8314(300+273) _ 1Al
Vj+V > 2(0,5+0,25) |

P

vataco. pi = PA+PB =49+ 147 = 196 bar
P2 = PB = 14,7 bar
Sau khi bd mang chan hai khi sé tao thanh hén hop khi trong toan bd
thé tich va c6 ap sudt hon hop lic nay la p, ta co:
p(Vi + V2) = (Ga+ Gb)RT
0 day: R = gA RA+gB-RB

R = LM 814,464, 8l 3202 y/kg K
1904 28 1904 2

Vay ap suat trong binh khi bé mang chan sé la:
(G +G[)RT  1,904x322,2x573

= 17.93 bar
V +W2 0,74
3.18. Trong mét binh chira khi CO2 duwoc chia déi bai
mot vach ngan (H.3.8). Ngan bén trai khi CO2 . B
¢ Pi = 430 mmHg, ti = 170~c, Vi = Im”. Con
ngan bén phai khi CO2 ¢6 P2 = 940 mmHg, Tl T2

t2=210 ¢, V2 =3 m\
Hay xac dinh ap suat va nhiét do cta hon hop Hinh 3.8
sau khi ruat vach ngan.
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Giai
Pay 1a hon hop cua khi ly tvong trong thé tich dd cho V. Vi \ 2.
Nhiét do cta hon hop CO2 sau 1 .idy vach ngan 1
T = IgiCyiTi = 5
IgiCvi glCvl . g2c
& day vi cac chat khi déu la CO2 va nhiét dd khOng sai khac nhau
nhiéu nén xem Cvi = ¢ 2.Vay ta c0

T = =glTi +g212 Mgl +g2 = 1)
1+ 2

Khdi lvgng CO2 trong Vi
PIVI BTI; GI 0

Pl = !§0io = 0,573 . 10 N/m2
7

R =E = 1 = 189 JkgOR
¥ 44
. = kg 0.68
180170 +273)
KJio'i lwong COr trong  2:
P2 2 = GRT2. p, = 1_ 11253 = 065N/in2
& 780 ol
0 RT o210t 2730 41K
gl = .Gl 0.68 - 0.142
Gj+Gg 0.68+41
gz = .G 04l 0858

Gj+G41+0,68
Nhiét do hon hop:
T = gi, Tl +g2T2 = 0,142(170 +,273) + 0.858(210 + 273) = 477.K
Ap suét hon hop: pV : GRT

=1 81 No
\Y 1.3°
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3.19. C6 hai binh Ao va B ndi v6i nhau bai 1 van. Binh A chiira 50 lit khi N2 &
ap suat pi =20 bar, ti =200.C, hinh B cha 200 lit khi CO2 & ap suat
P2 =5 bar, t2 =600 c.
Xac dinh &p sudt va nhiét do cta h.on hop> sau .khi mé van.
Pap s6: t =411 Ci p = 8,9 bar

320. Trong mot binh cd vach ngan, ngai-i lben trai chtta Ikg khi 2
ti = 27 ¢, ngan bén phai chira kg khi N2 & t2 = 127 c¢. Sau khi bd
vach ngan, hay xdc dinh nhiét dd ctia hon hop,, &p sudt ctia hon hop, cho
bi€t thé tich cla binh V ="im".

DPép s6: ti = 1SO.Ci p = 1,96 bar

3.21. (jo hai dOng khOng khi hQa tron

vao nhau (H.3.9.). DOng th& i)hat
0O Gi = 120 kg/h, ti =500C dOng

khi tht 2 co G2=210kg/h va GT
200 A 2 C. Gia thiét rang ap suét
cla céc cloiig khOng khi bang nhau Hink3.9

va hang 6p sudt clia dOng hon hup.

Xac dinh nhiét do cUa dong khi hon hop.
Giai. Day la trvong hop hon hop theo dbng cla cac khi ly twéng. Nhiét dd

cla hon hop duoc xac dinh:

y i (iOpITi gicpimt | gCp2I9
1 0? - glCpl + 42Cp2

& day ha dong dén ia khftng khi va nhiét d6 cUng khong khac nhau

qua nhiéu nén cpi = cp2. Vay ta ch;

T '= = giTi + 212
giCpl + gicp2

12c 210
t=gltl+g2t2 =

.., 000 + . 200 = .309.C
1201210 120 +210

Dhng khong khi lanh 322 C Jon iOpve’0 dong khOng khi nOng ¢ 900
dén tao néi  Thi hon hop 0'80.C. Xac dinh khd' lugng cla dong khong
khi lanh vé ndng dé tao ra Ikg dOng hén hop

bap s6: Gy 0)911 kg :. 2 =0,08 kg

Ba dOng kh .23-3. hon hlp W& ¢6 Gi = 1.15 kg nhau, dOng | la khi 2°



44 CHUONG 3
nhiét dé ti =300 c, dong Il la khi co ¢6 G2 =200 kg/h & t2 = 2007C,
dong 111 1a khong khi c6 t3 = 400 c. Doilg hon hop c6t = 275 c.

Xac dinh luu lvong cha dong khong khi G3 va luu lvong thé tich cua
dong hon hop néu ap suat clia hdn hop 1a 1 bar.

Pap s6.: G3 = 100 kg/h; V = 643m~h

3.24. Trong mét binh kin chta 5 kg khi N2 & nhiét do ti =27 ¢ . C6 2 kg khi
CO2 & nhiét dd ti = 27.c chdy vao binh d6. Xac dinh nhiét dé va ap
suat cta hon hop khi trong binh néu biét thé tich cla binh
V =3I~

Giai. Pay la trwdng hop hon hop khi nap vao

thé tich cd dinh cda cac khi ly tuéng N
(H.3.10): SUR
Nhiét do cta hon hop T:
T = 9C.T+gcT Hinh 3.10
élcvl +9.C,,
2 a2 Gn2 5 5
0 day; _
Y oN. Gn2 +.Gco, 5+2 v
. 2
c02 7
20.9
_ Ap _ 377 . 293
o G2 " 449 SV =
g-zzé\aoo.%. 4/21 . 300
T - E 209 2 293 = 323 K =50 K
7' 28 "' 44
Ap suat ciia hon hop: pv = GRT
_ GRT V _ 58ln4 2 8314
P= v T 28 7' 44
7X266X33

= 6,01.10" N/m”™ = 6,01 bar

3.25. Mot khoi khi CO2 & diéu kién ban dau ti = 40.C, rp: = 1,2 bar bién
thién theo quéa trinh da bién dén trang thai 2 co t2 =60 ¢ var2 =09
bar. Cho biét ndi nang cung cd'p cho qué trinh la 2,66 kJ.



PL NHIET BONG THU NHAT VA CAC QT NHIIET DONG CUA CHAT KHi 45

Xac dinh nhiét lvong cung cap cho Ikhéi khi Q ?
Pap s6: Q =9,495 kJ

3.26. May nén ly tuéng mét cap, luwu lwg.ng hat khéng khi la 100 m /h & ap
suat pi = lat, nhiét do ti =27 <. Ap sudt cudi r2 = 8at.
Xac dinh cong suat ly thuyét cia may nén va lugng nwéc lam mat
xylanh cla may nén néu nhiét do cl.a nuéc tang Ién 13 ¢, qua trinh nén
la da bién vo&i n = 1,2.

Gidi. Cbng sudt tiéu hao cta may nén khi duwoc tinh:

n-1

n 1.2 Led
-m PiVi -1 ~ -xIx0 98.107x100(8 -1)
n-1 LvPly 12-1
= 2,44 .10 J/h = = -67/8-M3w = 6,78 kW
3600
Nhiét thai ra >yjlanh trong qua trinh nén:
. n- .
Qn —.' n(t2 —ti) — Gc\ n-1 (2-.1)
n-1
_ <= = 1,415
Ti vPi /
T2 = Ti x 1,415 = (27 +273) x 1,415 = 424.K
t2 = 151.C
A - 114kg/h
d RT 287x300 J
90 19-14 7
Qn - 114 x—2 QlOox-A-lﬂi - (51 w102 1050/

Nhiét thai trong qua trinh nén nay dugc nwdc .main ngiioi xylanh mang
di, nén:

nwéc X Cp X At = Qn =  Qnuéc
Gnuoc = O L02d0™ 187 kg/h
CpAt 4,18.10"x13

327. May nén 1 cap hat lwong khong khi 400 m~N\ & ap sudt
pi = 1bar, ti =20 ¢, &p sudt nén la r2 = 7,bar v6i s0 riili da bién cua
qua trinh nén n = 1,3. Xac dinh:

a) Cong sudt ly thuyét cla may nén, coéng suat tiéu thu dién nang cua
may nén, cho biét:
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Mma 171~ 07

b) Xac dkh si vong quay ctia truc khuyu néu biét hé s6 nap A = 0,7)
auong kinh xyianh d = 200 raT, hhnh trinh plston s  IOOnim, sb
xyianh z = 2.

¢) Luong nhiét thai qua xylanh may nén

Giai. Cong sudt  thuyét cla sady nén:
n-l./n

n
piv. P2 -1
n-1 Pi
= -10.98- = (1-3  >1105400(7 3 ?Jhh

Cong suat tiép thu dién nang cta may nén:

Ld = 38.8- = = :9 - -lo3W =-38gkW
0... 0,7x3600
S6 vOng quay cla truc may nén:
Vh = \>/< Jlj S N*z
no= 4\ 4x400
kxd2.s.z 0,7x3.14x0.22x 0.1x 2x 3600

= 25 vg/ls = 1500 ve/ph
Luung nhiét thai qua xylanh

Q = iQnl = 1G.Cn(t2-ti)l
G - PV - 10.x400 _ (.
RTi  287(20+2731
T2 = Ti S x 293 7. ' = 458.k =185:C
lpild
m-a "X =z072.10 4 0.24 . 103j/k K
n-~I 1.3-1

Q = 476 xO.24.10 (185- 20) =1.89.10 Jh = 5.25kW

3.28. May nén ly twdng mét. Cap hut lvgng khéng khi 250 m /h & p suéat pi
lat. ap suat sau khi nén da bién vdi n = 1.3 la P2 = 8at.
Xac dinh lugng nwéc lam mat xylanli néu nhiét dd nwoc tang 15 c.

bap s 5 175 Ilith

32 . May nén mot cdp hdat lwgng khéng khi 200 mb5/h ap sua
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fPl = 1 bar, sau kb nén da bi€'nn = 1.2 4p suad't ia P2 = 6 bar
Xac dinh:

a) Cong sudt ly thuyét va cong sud't tié u thu ién clra may nén néu ch.
bié't hiéu suat toan bd cia may nén khi n, n =0,75.
b) Xac dinh auwirng kinh xylanh néu cho®*n = 900 ve/ph, s6 xylanh z = 1,
hé s6 nap A =0,7, hanh trinh piston s =100 mm
paps : a) Lmn = 11,6 kw; Ld= 15,5 kw
b) d = 260 - -

3.30. can chon may nén bao nhiéu cdp néu &p sudt vao cadp 1 Ia
Pd = 1 bar, 6p suat ra clra cap cubi la Pc = 120 bar. Gia thiét ia nén da
bién vdi n = 1,3. Nhiét dd khi vao cic c-dp nhii nhau t. = 20.C, nhiét do
Idn nhat khi ra cUa cac cap nhu nhau tmax = 120 c.

Xac dinh ty s6 nén, ap sudtva nhiét dd khi ra cta cic cép.

Giai

Ta biét rang trong qud trinh nén da bién & cép I:
n-1

2 a
TI A
Vay ty s6 nén lén nhat cla cac cap X: Xi
Pi o j 23

Ta biét rang ty s6 nén Xduoc xac diilh: X = m!I”

WPd
g do6: m - s6 cdp nén, do do:
X" = hay mznx I
Pd : P
Ink
m = Pd ~ /nl120 - 376

/nx /n3 568
day,, ta ph&i chon s6 cdp nén m > 3,76 dé nhiét do ra indi cdp nhd hon
tmax? vay ta chon m : 4 va Jdc nay ti si nén tli.c cia moi cap:
X= 4 =] - 31

"Pd

Ap sudt " clra cap I
V2 = xpi =331 X1=:1 , bar

Ap sud't ra cta cap Il..
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P4 x2.pt = 331 X1 = 10,95 bar
Ap suét ra cta cép I
P6 = x3.pt 2 3,3 X1 = 36,22 bar

Ap sudt ra cua cép IV
P8 = x"Pi = 3,31 X1 = Isobar
Nhiét dd ra cla cac cap nhu nhau:
T2 = T4 = Tg = Ts
T2 = TI Y =203 X 3%8% °3 =3865k = 113.3.C

3.31. May nén ba cdp hut lwvgng khdng khi 250 kg/h & ap suat Pi = 0,95 bar,
ti = 17.C. Ap suét cubi P6 = 80 bar. Xac ainh cong suét ly thuyét va
cbng suat tiéu thu.aién cia may nén néu gia thiét la nén doan nhiét va
hiéu sudat toan bd cia may nén Mun = 0,75.

Giai. Ty s6 nén clia cac cap:

80

- 3 =4
V0.95 38

Vay &p sudt ra cUa cép I:
P2 = xpi = 4,38 X 0,95 = 4,16 bar
Ap sudt ra cUa cép II:
P4 = x2pt = (4,38:2 X 0.95 = 18,23 bar
Ap sudt ra ctia Cap llI:
P6 = x3pt = (4,38) X 0,95 = 80 bar
'COnNg suat ly thuyé't cia may nén ba cap:

gmn = 3Li
k-1

Li -GRT, = - 38.300 kJ/h

k-1
Lmn = 3Li = 3 X 38300 =1149 .100kJ/h =- 31,9 kw

Cong suat tiéu thu dién clia may nén:

42,53

Ld = - 42,53 kw
rnrtn 0175

3.32. May nén ba cép hut lwvgng khong khi 250 kg/h & ap suat Pi = 0,95 bar,
ti = 17.C; suat cudi P6 = 80 bar. Gia thiét nén da bién véi n = 1,2,
Xé&c dinh nhiét d® ra cla cac cdp, nhiét can lam mat xylanh cUa moi

cap, nhiét can lam mat binh lam mat trung gian, céng suat tiéu thp. dién
cla may nén néu Mun=0,75

Dép s6: 2 =98 C Qn= 14562 kj/h; Qm = 20655 kJTh; Ld = 33,34 k v
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CHU TRINH CHAT KHI

4.1 CHJ TRINH NHET BONG

1. Céng cua chu trinhi hiéu suat nhiét, hé sé lam lanh
- CoOng ciia chu trinh: dugc tinh bang téng cOng thay déi thé tich hoic
cbng ky thuat cUa cac qua trinh trong chu trinh.
| = \ = lku (4.1)
Cong ciia chu trinh con awgc tinh theo nhiét. V&i chu trinh adng co
nhiét (chu trinh thuan chiéu, sinh cOng) cong cUa chu trinh la hiéu so gilia
nhiét cdp qi cho clru trinh va irhiét thai g2 cho nguén lam mat.
lo =442) - 42)
V6i chu trinli may lanh va bom nhiét (chu trinh ngwoc chiéu, tiéu hao
céng) cOirg cUa chu trinh mang ddu an ) <0 thi:
(4.3)
- Hiéu sud't nhiét nt: d€ danli gia mic d6 hoan thién cua chu trinh
dong' co nhiét.
o K 1J i (4.4)
1 g.
- Hé so lam laiih c¢: (I€ danh gia mirc do hoan thién cta chu trinh may lanh.
= : (4.5)
( 4 - 2
- Hé sd bom nhiét (p: dé danh gid mirc d0 hoan thién cuta chu trinh
bom nhiét (bom nhiét la may lam viéc theo nguyén ly cUa may lanh nhimg
day s duirg nhiét gi & nhiét do cao cac qua trinh nhuw sdy, suéi...):

o’ M et (4.6)
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2- Hiéu sudi exergi
DEé phan tlch mot &éa tfiah thwc hoac chi trinh thuc (khdng thuan
nghich) ta cé hai phvong phap:
-Phuwong phap thx nhat
Bang khai niém hiéu sut nhiét, hé s6 1afi fanh.... d& xét chu trinh
thudn nghich, sau d6 xét thém su khong thudn nghich cla cac qua trinh
bang viéc dwa thém vao khai niém hiéu suét trong twong doi (ctia qua trinh
gidn nd trong tua bin, qué trinh nén trong may nén...).
-Phuwong phap tht hai
D06 la phuong phap hoan hdo nhat dé xét téi sw khoéng thuan nghich
cla chu trinh: phwong phéo exergi. Khi tién hanh can bang exergi theo
chiéu thuan ta cé phwong phap exergi, khi tién hanh can bang nguoc ta co
phuwong phap exergi theo chiéu nguoc (hay con goi la phuong phap entropi).
Trong phuwong phap can bang thuan ta dinh nghia hiéu suét exergi nhu sau:
Y (4.7)
& day: er tong exergi lay ra (hitu ich c6 thé dung trong ky thuat) vi du la
cong lo trong dong co nhiét, la exergi cla vat can lam lanh trong
may lanh...
e -téng exergi dem vao vi du la exergi clia nhiét qi trong dong co
nhiét, la cong lo trong may lanh....
3- Hiéu sudt nhiét cta chu trinh Carnot
Chu trinh Carnot gém hai qué trinh dang nhiét va hai qua trinh doan
nhiét xen k& nhau & nni*t do hai ngudén nhiét khéng déi Ti = const (nguén
nong), T2 = const (ngudn lanh). Chu trinh Carnot la moét trong nhirng chu
trinh thuan nrUich.

Kiéu suat nhiét cta chu trinh Carnot thuan chiéu:

o TL-T2 (4.8)
Hé s&'iam 1mh cua chu trinh Carnot nguoc chiéu:

TL1-T2
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4.2 CHU VBINH OONG c& 6T TRONG

1- Vnu trinh chaj cap nhiét dadng tich (nir-standard otto cycle)

Tihién iiéu sir dung & day la xang: hoac khi do6t. qua trinh chay xay la
rat nhai h nén coi la chdy dang tich (v = cL iot). Hiéu su&t nhiét cla chu
trinh:

1
n =1- ki (41.C)
o aay: ty s6' nén; k - s8' mi doan nhiét.

2. Chu trinh chay d&ng ap (air-stcmdard diesel cycle)

Nhién liéu 1a dau mazut..., qua trinh xay ra chAm nén cyi 12 chay dang
ap p = const, day la dong co diezel ngay xwa. Hiéu sud't ctia chu trinh:

it = 1- keFiA-(;_l) (4.11)
& day: X -ty s0'gidn nd s6m

3- Chu trinh chay hon hop (air-standard dual cycle)

Nhian liéu la dau mazut.... dugc phun vao xylanh nho c6 bcfm cao ap va
voi phun duéi dang nhitng hat rat nhé nhv swong mu nén qua trinh chay
xdy ra nhanh hon va coi 1a chdy hdén hop (phan dau chay déng tich, phan
sau chay dang ap). Pay la dong co diesel ngay nay. Hiéu suit nhiét cua chu
trinh:

~J X - 1
[(A-) +kA(p-I)]e. o

0 day: X ty sb' d&ng &p trong qua trmh cdp nhiét.

4.3 CHU TRINH TUA BIN KHI

4.3.1. Chu trinh cdp nhiét d&dng ap {air.standard Brayton cycle)
Puogc (’ng dung nhiéu trong thuc té€ vi ¢d cdu tao budng dét dem gidn, it
¢ vam néh ton théat qua cac van cung nha.
1. Chu trinh loai khéng c6 ho6i nhiét
& day san pham chay sau khi gian nd sinh cong trong tua bin thai
lubn vao khi quyén. Hiéu suat nhi.t ctia chu trinh:
L5 JL.

T 4.13)
2 i
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& day: p=— -ty 9™tang ap trong qua trinh nén khi trong may nén, Ti va
Pi

T2 - nhiét do khong khi vao va ra khéi may nén; k - s6 mii doan nhiét
2- Chu trinh c6é hoi nhiét
Goi la do hoi nhiét (H.4.1):
N Ta-TH
T4-T2

o

Truong hop héi nhiét ly twéng o =1, (Ta = T4,
nhiét dé khong khi ra khoi thiét bi hdi nhiét bang
nhiét do sdn pham chay di vao thiét bi hoi nhiét),
hoi nhiét thuc o0 < 1.

Hiéu suat nhiét cta chu trinh c6 hoi nhiét:

(p-IKP*“-'" -1)
b(k'l)/k(p-l)-.(p-P(k")/k )

Hinh 4.1
Tt

(4.14)
d day: p =vanv2 -ty s6 gidn nd sém (gian n& khi cap nhiét)
Ta nhan thdy khi khéng cé hdi nhiét o = 0, biéu thirc (4.14) tré vé
biéu thirc (4.13), khi hoi nhiét ly twdng o = 1 biéu thirc (4.14) tré nén:

_ 1 _ TR _ Ji
= {2 = 1- = 4.15
. p T3 T, ( )
So sanh (4.15) va (4.13) ta thay khi c6 hoi nhiét hiéu suat nhiét so

tang Ién.

4.3.2. Chu trinh ca'p nhiét dang tich
I- Chu trinh khéng c6 hoi nhiét
Hiéu suat nhiét r.:

. k(X'* -1)

it = 1 gy (4.16)

& day: x=— -ty §'tang ap trong qua trinh chay
P2

v = const trong budng &'t
2- Chu trinh c6 hoi nhiét
Goi Y la do héi nhiét (H.4.2):

y:
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Néu hoi nhiét ly tw(lng hoan t-oan) y=Yhux khi Ta = T4 (thyc té
Ta < T4). Hiéu suét nhiét cha chu trinh, c¢6 hidi nhiét v&i do héi nhiét y:

1, <Yxi'k = E I'M (4.17)
y3 k- V/K(Y-II
va voi dd hoi nhiét
p (k-1 /k 1
T -7 ()
Khi khOng o0 hoi nhiét (ta =T2; y 1 ) biéw thic (4.17) tré vé biéu

thirc (4.16).
4.4 CHU TRINH QONG co PHAN buc

i. Chu trinh cdp nhiét ddng 4p khéng c6 may nén

Qua trinh chay nhién héu xay ra trong budng dét & p = const. Hiéu
suat nhiét cUa chu trinh tinh giolig nhv chu trinh tua bin khi cdp nhiét
dang ap.

H : Lpdilikk (419)
& day: B -ty sb tang ap trong qua trinh nén khi trong 6i"g tang ap.

2- Chu trinh cép nhiét d&ng tich khong ¢ may nén

Q a trinh chay nhién liéu xay ra trong budng dot khi cac van déu dOng

nén la g a trinh v = const. Hiéu s lat nhiét cha chu trinh tinh gi¢"ng chu
trinh tua bin khi c&@p nhiét d ng tich.

k(""k-1)

" (A-DP.K'i i (420)

il
& day: p -ty sO tang ap trong qua trinh nén kin' doan nhiét trong 6ng tang ap
A -ty s6 tang &p trong qua trinh chay dang tich trong budng do't.
3- Chu trinh cé may nén
Loai nay duwoc st dung rong rdi trong thuc té. Viéc tang ap suat & day
mot phan do 6ng tang ap va chid yéu la do may nén duoc cung cap dong luc
bdi tua bin khi & phan sau. Qua trinh chay dang ap p = const trong budng
dot, hiéu sua nhiét tinh gidhg chu trinh déng co phan lwc cdp nhiét dang
ap khéng c6 may nen:

1
nt = 1 ki (421)

B

4. Chu trinh dong co tén lkra

Trong cac chu trinh trén, oxy cung cap cho qua trinh chay duoc lay tir
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khi quyén, 6 day oxy duwoc cung cdp dudi dang ldng duoc chira ngay trong
tan Ira. Hiéu suat nhiét cda chu trinh duwoc tinh;

2qi 2Cp(('ll'13—T2) (422)
BAI TAP
4.1. Chu trinh Carnot thuan chiéu véi méi chat la khong khi duwoc tién hanh
d nhiét dd ngudén ndéng t = 627 c, nhiét dd ngudn lanh ti = 27 c, ap
suat Ién nhat Pmax = 60 bar, ap suat nhé nhat Pmin = 1 bar.
Hay xac dinh:
a) Thong s co ban tai cac diém dac trwng cua chu trinh.
b) Nhiét cdp vao va nha ra cta chu trinh.
c) Céng va hiéu sua't nhiét cua chu trinh.
béap s6: a) pi = 60 bar; ti =627 C; Vi =0,043 m”™/kg
P. = 46,76 bar; t2 =627 C; V. = 0,0553 m”/kg
Ps = 1 bar; ta =27.C; va = 0,861 m”™/kg
Ps = 1,284 bar; t« =27 C; Va = 0,67 m™kg
b) qi = 64,2 kJ/Kkg; Ig >l = 21,4 kj/kg;

c) lo =428 kJ/kg: T, = 66,6%

4.2. Chu trinh déng co ddt trong chay dang tich, mdi ch4t dugc xem nhuw
khong khi. Thé tich hanh trinh cla piston Vh = 0,006 m”, nhiét doé vao
ti = 20 c, &p sudt vao Pi = 1 bar. Thé tich thira v = V2 = 0,001 m™. Ap

* suat I6n nhat cda chu trinh P3 = 25 bar. Hay xac dinh;
a) Thong s0' co ban tai cac diém dac trung P
cda chu.trinh.
b) Nhiét cdp vao va thai ra cta chu trinh.
c) Cong va hiéu suat nhiét cta chu trinh.

Giai, a) Diém 1:

Pi = 1bar; fti

20 ¢
Vi =Vt + Vh = 0,007 M
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Diéin 2:

To = Ti

Piém 3:
\/?
vi2-3 la g

12

Diém 4:

Ti

P/\

Ql

G

Ql

Nhiét thai
(Q2
Q2

55
v K
2 = 0,001 P2 = Pi ’ = Ix 715,24 = 4 bar
Y,
’ 2 ’
P2 KTk - 9 +273)15.24)('4 'K =366.C.639 =4
\ViJ
= Vo = 0,001 m3; P3 =25 bar
ua trinh dang tich nén:
= ; Tg = T2 = 639
P2 h 15,24
Ts = 1048.K = 775.C
V4 = Vi = 0,007
Tw hai qué trinh d.an nhiét 1 -2va 3 - 4 ta c0:
\k-1
[V\ 13
= .. 104829 - 481 K = 208 ¢
To 639
/m4 \k/k [ .
3 72
_ p3 M - 25 1,64 ba
P> 15,24
b) Nhiét cap vao cho chu trinh trong qué tnuh déng tich 2 - 3:
= Gov (3 - t2)
_p'Vi _ 1x107"x0,007  _ 0,00832 kg
~ RT] 287x293 ’
= 0,00832 x’\é‘é\x103(775-366) = 245 .10245 = kJ
ra cta chu trinh trcng qua trinh 4-- 1:
Q] -t
208) = 13.10 - kJ 1,13

m 0,00832 x*x 1o 3 (20
29
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c) Céng cla chu trinh:
Lo Q i- 1021 = 2,45 - 1,13 = 1,32 kJ

Hiéu suad't nhiét cUa chu trinh:

g o= 1@ o BB o g5s = e
Qi 2,45
Hodc hiéu sudt nhiét c6 thé tinh theo cong thic:
_ . Vi 0,007
H ek-1 V2 0,001
it = | Il =054 = 54%
(1.4-1)

Chu trinh 4dng co 46t trong cdp nhiét dang tich c6 ri = 1 bar,
ti =20 c, tysénén 3,6 = ,ty sdtang ay X =3,33.
Xéac dinh:

a) ThOng sO co ban tai cac diém dac trwng-cta chu trinh.
b) Nhiét cdp vao va thai ra cla cliu .iinh.

c) Céng va hiéu sudt nhiét cta chu trinh.

Trong tinh todn xem chat maoi gidi nhw la khdong Kkhi

Pép sb
a)
biém p bar v.m™kg tc
1 1 0.84 20
2 6.01 0.233 216
3 20 0.233 1357
4 3.33 0.84 704

b) qgi =822 kJ/kg; Q =493 kJ/kg; c)lo =329 kj/kg; 1iit = 40%.

Chu trinh dong co ddt trong chay 'ddng tich oO ti = 27 c,
pl =1 bar, ty sé nén 5 = . X&c dinh hiéu sudt nhiét, cong, nhiét lvong
cap va thai cua chu trinh. Néu xem chat moi gidi nhv la khéng khi.

Pap s6 Tt =47%;/ =91,4 kJ/kg; qi = 194,4 kJ/kg 103 =, 2 kJ/Kkg
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45. Chu trinh déng co dot trong cdp nhiét dang ap c6 Pi - 1 bar,
ti = 27 Cc, P4 =35, P3 =55 bar.

Xac dinh: Nhiét cdp, nhiét thai, cong va hiéu suat cla chu trinh. Tinh
toan xem chat moi gi¢i nhv khong khi. p

Giai. Chu trinh dugc biéu dién nhuw trén H.4.4.
Vi 1. 2 la qué trinh nén doan nhiét nén:

Ip /I _\k-1/k A k-1/k
= (il = |PT
Ti IPi ?
k-1"k 1.4-1/1.4
T2=T, M =300 ' — - 944K
VPiy 1
bigm 1 Hinh 4.4
VI 0,8dﬁTIZ —7 287.X3()O: n o n: m:—7kg
Pi 1.10
D.,é.ns: T, Pili 3) €5:1Q5x0.861 1.5 ..K
R R 23
trong qué trinh gidn nd doan nhiét 3 - 4 ta co:
i \k /U
Ps
Ta IP4
b\k—]!k 55 . .4
T, : TI & = 1050 - 2309.K
\Vi)

Nhiét ¢ p cho chu trinh trong qua trinh (léng ap 2 - 3:
29 3
qi = cp(Ts “Ti) = —28 (2309 - 944) - 1379 Kkj/kg
Nhiét thai tir chu trinh trong qua trinh dang tich 4-1

cv (Ti - Te) = (300 - 1050) = - 540 kj/kg = 92
Codng cla chu trinh:

qi = 0 - 192 = kj/kg 839 = 540 - 1379
Hiéu suat nhiét cta chu trinh

n = — =061 = 61%
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4§. Ch.. tpi dong co ti6t tr.ng cdp nhiét déng ap c6 ty s6 néa
g ; 15 ty s6 g:an O sém p : 2) nhiét d ban dau 11 = 27.0/
1 bar.
Xac ainh hiéu sudt nhiét, cong cla chu trinh, 'linh toan xem mdi chat
nhw khfing khi.
Pap s6: T =60%; 17 = kJ™g

c) COng va hiéu suét nhiét ¢ a chu trinh.
Tinh toan xem méi chat nhu khéng khi.

Piém p, bar t.c m~/kg
1 .1 30 0.870
2 15.2 337 0.124
3 30,5 1047 0.124
4 30.5 1311 0.140
5 2,6 511 0.870

b) qi =744,2 kJ/kg; 12 1 =378,2 kJ/kg; c)lo =396 ki/kg; Tt = 53,2%

48. Chu trinh dong co ddt trong cdp nhiét hon hop (H.45) cb
Pi = 0,9 bar, ti =67.C; £ = 10; P3 = 45 bar. Nhiét cap cho chu trinh

qi = 1090 kJ”~g, chat moi gi¢i xem nhw khdng khi.
Xac dinh nh ét cdp gv va gp cho chu trinh va nhiét do 4.

Giai. 1 2 Jaqua trinh nén aoan nhiét:
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59
. Kl
T2= Ti = Te"™ = (xI0(Q273+67-' " =K.854
VvV A
i\
P2 = PI = 0,9x10 = 'Piem = bar 22,6
V9

Vi 2 314 quéa trinh dang tich nén;

e« Ts = T2 N = 854 = 1700 K
P2 22,6
Nhiét c&p trong qua trinh chay dang tich 2 - 3:
20,9,.A

qv = ov(T3- T2) = ” (1700-854) = O09kJ/kg

Nhiét cung cép trong qua trinh chay déng ap 3 - 4:
Q = qi - Q= 1090 - 609 = 481 kJ/Tig
9p — p(T4- 13)

aT = mr 4T3 = fill +1700 = 2176.K = 1903.C

4.9. Chu trinh dong co dét trong cap nhiét hon hop co ty s6 nén 8 =7, ty 3"
tdng 4p A =2, ty 'gidn nd sém p = 1,2, mdi chd"t xem nhu khdng Kkill,
nhiét cap cho chu trinh 1090 kJ/kg.

Xac dinh hiéu sud't nhiét, cbng va nhiét thai cua chu trinh.
Pap so; rit = 53,5%; /o =583 ki/kg; 192 i =507 kJ/kg

4.10. Chu trinh tua bin khi cdp nhiét dang ap khéng hdi nhiét iH.4.6) co cac
thdng 6" nhv sau: pi = 1 bar, ti = 27™C ta = 700
i =10, chat mbi gi¢Gi xeni nhu khdiig khi. p
Xac dinh:

a) Thong 3" co ban tai cac diém dac trung.

b) Cong, nhiét cdp va thai, hiéu suat nhiét
cla chu trinh.

Giai
Pbiém 1:

ty sO tang ap

Pi = 1bar; ti = 27'°C

M. m V 0861 " e
Pi 1.10
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piém 2:  p a = 10; P2  10pi 10 Dbar

Pi
T k-/1;
2 Ip? -p - 10 - 193
Ti vPi/
T2 = 1,93Ti 579 'K 306 c
s = RI2 287%2(% : 616k m3/kg
79 10.16
Piém 3: P3 : P2 : IObar: ts = 700'c
, . RT 287(700+273) ) ) Ak
P3 10.10
Diém 4: p4d = pi =lbar; f = e
T
T4 = 1 - = 973 - = 504 C. 229
2 579
vi - R 287X604 g 45 kg
P4 1.10

Luoiig lihiét cdp vao va thai ra:
gi = Cp(Ts -T 2) = 1,01(973 - 579) =398 kirg
@ = Cp(Ti-T4) = 1,01(300 - 504) = - 202 kJ/kg
COiig cUa chu triiih:
= qi- 192 = 205- 398 = 92 kJ/kg
I1l1éu suat nhiét cta chu trinh:

g o= 192 048 =48
qt - 398

1

o . 1 _
hoac: okelik = 1. 0414 = 0,482

o = TtQ = 0,482 x 398 = 192 kJ/kg
4.11. Chu trinh tua bin khi cdp nhiét ding ap (11.4.6), v6i inOi chét duoc co
nhu khOng khi cOPi = 1 bar, ti = 17C, t3 = 600.cc, p =8. X&c dinh

thOng s co ban tai cac diém dac trung, nh ét cdp va thd , cOng va h éu
suat nhiét cda chu trinh.

Pap s6 vi = 0,831 m3/kg; v2 = 0,189 inkg
8 =0,313 m\d™gl M = 1,38 m™Vkgi 254 =2 .C ;224 =4 .C
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P2 = P3 =8bar; qi =350 kJ/kg;
1921 = 192,2 kJ/kg; /) = 157,8 ki/k.g; = 0,45

4.12. Chu trinh tua bin khi cap nhiét dang
ap c6 hdi nhiét dugc bi€u thi trén
H.4.7 va HA4.1.
o day: I- may nén, II" thiét bi hoi
nhiét, 1lI- budng dét, IV- tua bin khi,
V. may phét dién, VI - bom nhién liéu.
Néu biét ti = 30.C, t4 =400.C. p=6, f .
gida thiét hodi nhiét ly twong (hoan (Q )
toan) o = 1 Xac dinh hiéu sud nhiét.
Ciling chu trinh trén nhung khéng co Hinh 47
hoi nhiét, voi ty so tang ap |3 = 6,
tinh hiéu suat nhiét trong trwong hop nay.
Pap s6: T\ = 55%; M = 40%

4.13. Chu trinh tua bin khi c8p nhiét dang ap co hdi nhiét (H.47 va H.41) ¢6
11 = 30.C,t4 = 400.C,tb = 266"C, p =6, p = 2. Xa&c dinh dd hoi nhiét
0, hiéu suat nhiét cta chu trinh hoi nhiét, hiéu suat nhiét cta chu trinh
khong hoi nhiét. Tinh toan xem chat mdi gi¢i nhv khéng khi.
Giai. Vi 1- 2 la qua trinh doan nhiét:
T2 = Ti = 303x6. = 506"K = 233.C
Can bang nhiét doi v6i thiét bi hdi nhiét ta co:
Qh = Cp(ta- t2) = Cp(t4 - tb)
t = t2+(t4- )= 233 + (400 - 266) = 367.C

H0 Koi nHiét: = - —— = 807-233 - g
t4 -12 400-233

Hiéu suat nhiét cta chu trinh hoi nhiét;

w0 -0 C* g

r pk "k(p-1)-0(p-P k 1)/K)

2. 165414 1

60'4/1'4(2—1)—08(2-6"4/1'4) = 048 = 48%
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Hiéu liuat nhiét ct? chu tiinh khoTi? ho nhiét:

1 _ _
t 0 pkek ana e = 04 = 40%

4.14.-Chu trinh tua bin khi cdp nhidét danpr p
tich khéong c6 hoéi nhiét (H.4.8) co
ti: 27 c, tysétang 4p p=4a = 10, ty s6

Pi
tding 4p trong quad trinh cdp nWét
X=p=4a: 2. Moi chit dwoc xem nhu
Pa
khong khi.
Xdc d nh hibu sudt nhiét, céng, nhiét
cdp va thai cUa chu trinh.

Hiiih 4.8

Giai. Hiéu sudt nhiét cua chu trinh cdp nhiét dang tich khéng hdi nhiét

it = 1-- E

- ’4(12 2 ) = 054 54%
(2-1)10 4 "4

Trong qua trinh nén doan nhiét 1-2:
KTa = Ti pk-1k = 300X10 .580 = 144

E .
(OX-1)pk-i'k

Trong qué trinh cdp nhiét dang tich 2-3:

N - §-x=z2:T3 = 2Ta
Ta Pa

qi =cp (T3 - Ta) = Cp(2Ta- Ta) = cp Ta = 1,01 x 580 = 585,8 kl/kg
N = giht = 5858 x 0,54 = 316,3 kd/kg
lgal = gi/lo = 558,8 x 316,3 = 269,5 kJ/kg
4.15. Chu trinh tua bin khi cdp nhiét dang tich c6 hdi nhiét hoan toan
Y = Yk = 1 = 30.C; t4 = 400.C, p = Pg/Pi =4, chat mbi gidi
dwoc xem nhu khong khi. Xac dinh hiéu sudt nhiét cta chu trinh,
, Dap s6: T\ = 58,67.

4.16. Chu trinh Bradrton ly thuyét dwgc thé hién trén hinh V& cung véi cic
thong sb can thiét (bd qua su thay dbi dong nang)

trong do6: A tua bin khi; B thiét bi trao doi nhiét; ¢ may néh khi
Xé&c dinh:

1) Hiéu suat nhiét cta chu trinh
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2) Ty 1é cbng tiéu hao clla may nén va cang ?inih ra cua tua bin (ty 1é
ty dung).

3) Muic dd tang cong suat cla thiét bT klii nhiét do khi vao tua bin thay
dodi nhuv da cho.
Khi tinh toan xem mdi chat nhu khong khi,, nhiét dung riéng xem la

hang so.
Giai
Trang thai I; pi = 100 kPa=1bar; T.[ = 300 K
PIVI = RTi vi = —1i = 0.86 m"Vkg
Pi 1.10
Trang thai2: — = 1o P. = 10pj = 10 bar
Pi
1 -2 la qua trinh nén doan nhiét do do:
L. Mgt /,, 40
Tl VA,
T: = 300 X (I0)w300 = ~* X 10 5796 = * K

Trang thai 3; 2 - 3 1a qué trinh cap nhiét dang ap:
P3 = P2 = 10 bar



64 CHUONG 4

2= RT2 o= "7 28TX579.6 _ L vae 3
P 10.10~
o = ET S RT3 RT2
\Y% 3 2
T: = 1000 K~ vs = I3y

Tim = 1200 K va = 0,3436 m7kKg

T3- = 1600 K -4 va. = 0,458 m~/kg
Trang thai 4:
4 - 11a qué trinh thai nhiét déng 4p nén: P4 = Pi = 1 bar

Trang thai 4 quan hé vei trang thai 3 theo qua trinh doan nhiét s - 4 va
quan hé véi trang thai 1 theo qué trinh dang ap 4 - 1. do do;

T P3 o > Ta = T3/ ;3
P4 P2
Tz = 1000 K -» T4 = 1000/1,93 = 518.K
T:m= 1200.K -4 Ts-= 621 K
T:m= 1600 K T:m= 829 K
Cong tiéu hao cla may nén
k = AR(Ti-Ti) = 0—’4x287x(300 - 579,6)
= 280 .858 J/Jkg = - 280,858 ki/kg

cong sinh ra cla tua bin:

h = kA R(T3 T.) = 8'2X287X (tooo  518) = 484,169 kl/kg
-1

vei: T = 1200 K I'r = 581,605 kJ/kg
T = 1600"K "t = 774,469 ki/kg
Nhiét cap vao qi:

1000°K ~ @i = @(Ts - T2) = 1 X (1000 - 579,6) = 420,4 ki/kg

1200.K qi = 620,4 ki/kg n
1600 K ~ qg"i = 1020,4 kl/kg
Cong cla chu trinh | = h-\lc\

voi: T: = 1000 “K | = 484,16 - 280,8 = 203,36 kj/kg

Ts- = 1200 K -4 | = 300,8 kl/kg
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Tr = 1600 K m = 493,8 kiZkg
Kliiéttiidiq2:
T3 =1000 K 5> = Cp(T~-Ti) = 218 kiZkg
1200.K 2 321 kJZkg
1600.1 42 529  klZkg
Hiéu sudt niviét cda chu trinh: . 2
9
1000.K = 0,483 (48,3%)
1200.K = 0,482 (48,2%)
1600.K - 0,480 (48 )
Cong sinli ra ci'i.a cliii tiTixli tinli tlieo: U - \d >\
1000.K 1 = 2042 ki™g
1200.K / = 300,8 kJikg
1600.K = 493,7 ki/kg

i: V=5m3/s; pV =GRT G =1 =

G = lgbusop = OBKOPS

65

Cong sud't hé tha.ig: N=G X
Mkc dd tdng cOng suédt cUa t.hiét bi khi tdng nhiét d& ngudn nOng
IO00.K
N= 970)34 kw
1200.K = 1744,6 kKW
1600.K = 2863,5 kw
Hé so' ty dang: bwr = |
1000.K owr = 2398 = 0580 (58/)
484
1200.K = 0,483 (48,3/)
1600.K = 0,363.(36,3%)

4.17. Chu trinh cdp nhiét dang ap Iy twéng hoat dong véi cac théng s6 nhu

sau:
Pt = 01 MPa: ti = 15.C
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p2 = 0,5 M?a; t3 = 900 c

Xéac dinh:
- Nhiét d6 va ap suéat tai cac diém
dac trung cla chu trinh

- Cbng tiéu hao cua may nén, cong
sinh ra cua tua bin, hiéu suat
nhiét cta chu trinh (chat mdi gioi
xem nhuv khdéng khi, nhiét dung
riéng xem la hang 0.

Pap s0: T2 =456,6 K; T4 =740,4 K ;

Cong clia may nén: Ic = 169 kJ/kg; Cbng cla tua bin: it = 434,3 kJ/kg
Cong cla chu trinh: 1 =265,3 kJ/kg; bwr = 38,9%; T£ = 36,9%

4.18. Chu trinh tua bin khi. c8p nhiét déng ap thwc thdng 3" cda chu trinh
twong tw bai 4.17 lari =0,1 MPa, ti =15 C; r2 = 0,5 MPa, nhiét do cuc
dai 12 900 c. Gia st rang may nén khi co hiéu suét !. = 80%, tua bin
khi co hiéu sudt Tit = 85%, giang ap gira may nén va tua bin la 15 kPa.
Xac dinh cong tiéu hao cia may nén, cong sinh ra cua tua bin, hiéu suét

nhiét clta chu trinh thuc.

Gidi. Trong chu trinh thuc qué trinh nén
khi va gidn n& khi trong tua bin
khong phéi la qua trinh doan nhiét ly
twdng (S = const) ma la qua trinh
doan nhiét thuwc vi c6 tén that (qua
trinh  khong thudn nghich) nén
entropi tang lén, chu trinh dugc biéu
thi trén do thi T "s.

a) Céng tiéu hao cua may nén:
k = 12- ii

taco. Tic = _ = 80%
12- 1

Qué trinh 1 - 2s la qué trinh doan nhiét thuan nghich do do:

/P2 ‘25  _ "o,286 1.5845
Pi 4
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T2s 1,5845 Ti = 4503 K
Vi Cp = const do dé:

25 1 TZS'T,
2- T,-T\

Il
‘©
—
wm

Il
I
©
oo
~
A

COQiig tiéu hao cta may nén thuc &

= 12-11 = Cp(T2-Ti) 210,4 = (288 - 498.4)1,0035  kJZkg
b) Cong sinh ra tnyc cUa tua bin khi:

h = 43- : H1 = : 0,35

3- 4

P3 = P2- (giang ap p)=05- 0,015 = 0,485 MPa
k-1/k

T, )
" 70815 = 2485 ; Tés = (920 +273)
P Tas 1,5708 15708
. 7467 K
13 -14 Ta-T,
e = - '385: T4 = 810.65.K
ig- 4 T4sr _I 3

= 3- Cp(M-T4 = 4 =1kIZkg 363,7 =(810,65 - 1173)0035
Coéng sinh ra cUa chu trinli thuc

A - 1 : [/ 1 : 363,77 - 2112 = 152,5 kJZkg

Nhiét ca'p vao bubdng dot Ji

gi = 3- 2 = Cp(T. - kJZkg = T2 676,9 = (498.7 - 1173,2)1,0035
Hiéu suat nhiét chu trinh thi.tc:
Z 152,5
1 = 22,5%
] 676,9

Ty Ié cong dUng cho may nén hwr:

bwr = ]5]8)0,58 = %)

3(7 3
So sanh két qua gitra chu trinh ly thuyét (vi du 4.17) va chu trinh thuc

(vi du 4.18) ta c6 két qua nhu bang sau day:

1 1(/7)
4.17 169.0 434.3 265.3 719.1 36.9
('y thuyét)
4.18 2111 363.7 152.5 676.9 22.5

(thuc)
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Tl sv so sanh nay chdng ta nhan thay rat r6 la do sy khong thuan
nghich (do qua trinh thuc co6 tdn that do ma sat, do xoay, do truyén nhiét...
nén khac voi digu kién thuan nghich - diéu kién ly twdng) s& dan dén cong
sinh ra cua tua bin bi giam va nguoc lai cong tiéu hao cla may nén tang
Ién, két qud la cobng cla chu trinh sé& gidm rat nhanh khi hiéu suat cla may
néen cua tua bin  cang thd"p. Vi vay viéc ché tao may nén va tua bin

cd hiéu sudt cao la van dé vb cling quan trong doi véi sy phat trién cla hé
thong tua bin khi thuc té.

Ching ta nhan thaV rang trong chu trinh ly twéng khoang 39% cong
sinh ra cla tua bin la s dung cho may nén con 61% la dé phat cong suét
dong lwc. Nhuwng trong chu trinh thuc chdng ta thdy co6 dén 58% cong suat
sinh ra cla tua bin la tiéu hao cho may nén chi con 42% la phat céng suat
dong luc, trong d6 chuwa ké dén cong sud't phat thwc clia tua bin bi suy giam
ma trén chi méi xét phan tram anh huwéng.



Chuong 5

HOI Nuwéc VA CHU TRINH THIET BI
PONG Luyc HOI NUOC

5.1 HOl NUGC

5.1.1. Nuwéc s6i va hoi bdo hoa khé (nwéc va hoi nwdéc bao hoa)

Trang thai clia nwéc s6i va lioi bdo hoa khd dugc xac dinh khi biét
nhiét dé hodc ap suat cua ching. T bang nwéc va hoi nwdc bdo hoa theo
nhiét do séi hoac ap suat sOi ta c6 thé tiin duoc tat ca cac thong sb. con lai.
5.1.2. Hoi b&do hoa am

1- D6 kh6 va dé am

Hoi bdao hoa am (lici am) la hon hop gilra nwdc s6i va hoi bdo hoa ¢
nhiét do bdo hoa twong ¢ng. DO kho dwoc dinh nghfa bang biéu thirc sau:

G,
G.+G.

trong do: Gi (kg) - khoéi lugng hoi bdo hoa khd trong hoi am

Gj (kg) - khoi lwong nwéc séi trong hoi 4in.
Do khd x la thong so trang thai co ban cla hoi dm, nd cho ta biét
lvong hoi bao hoa khd chira trong 1 kg hoi am.
D0 khd x thay déi tr x = 0 (dudng gi¢i han dudi) dén x = 1 (dudng gioi
han trén), O0<x<1.
Gia tri y = 1-x goi la dd am cuda hoi, n6 cho ta biét lwvgng nwéc bao
hoa (nudc soi) chira trong 1 kg hoi am.
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2- Cac thdong sb trang thai cta hcd am

Dé xac dinh dwgc cac théng sé trang thai clha lioi &m ching ta phai
dva vao théng sé6 co ban cla nwéc séi, hoi bdo hoa khd (tim tir badng thdng
s6 nhiét dong cua nudc va hoi nwéc bdo hoa) va dd khé x:

vi = (1- X))V xv' =v. +x(V.- V)
1 mn n X
S, = (L- X)s" +xs" =5+ Xx(s"- s.)=s.+x-_|f\
= 1"+ rx
X = Vx-V' _ tx-i'
trong do6: dah “'” - chi trang thai nuwéc soi
dah “ ' ” - chi trang thai hoi bao hoa kho; r - an nhiét hda hoi.

= (1 - X)Uu +xu"=u Hxu" - u)

Néu trong bang khodng cé cac gia tri u" va u’ thi ndi ndng duogc tinh

bang cong thic sau:
X = X-p X

5.1.3. Hoi qua nhiét

& cung ap suat, hoi qua nhiét c6 nhiét do t cao hon nhiét do cta hoi
bdo hoa khé tg. DOl v&i nwdc chwa séi va hoi qua nhiét thi ap suat va nhiét
do la hai théng s8' doc lap, trang thai cha hoi qua nhiét dwgc xac dinh khi
biét hai thong s6. Trong bang nuéc chwa sbéi va hoi qua nhiét cac trang thai
thwong xac dinh theo hai théng sé la ap sud't va nhiét do.

5.2 CAC QUA TRINH NHIET BONG c0 BAN CUA HOl Nuéc

5.2.1. Qua trinh dang tich (v = const)
Do bién thién ndi nang:
Au =U2-Ui = (i2-P2 2)-(il -P1 1) = ( -(12- (P2 PI)
2
Coéng cla qua trinh: 1 - Jpdv = o
1
Nhiét lugng cung cdp cho qué trinh: q = Au +/viz=0 dodé gq= Au
5.2.2. Qué trinh dang &p (p = const)
Au = U2-U2 = (I2-P2 2)-(11-P1 1) = (2 -1i)-p(V2 -VX)'

I = Jp p( 2“ )i dq = du+d/ = di-vdp=di
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Dodo: q= - .
5.2.3. Qua trinh dang nhiét (T = cnnst)
b o=o- = (- 22 )

i

ds = dg = Tds.

g = Aut+/;Z:q-Au
5.2.4. Qua trinh doan nhiét (q =0)

Al = 2- 1 ( -?22)-( -7 )
q = 0=Av+Z doddbz = -Au

BAI TAP

5.1. Hoi bdo hOa ain cd ap suat p = 2bar, dé kho X = 0),9.
Hay xac dinh: Thé tich riéng vx e.ntanpi 1x,entropi sx , ndi nang «x.
Giai
Tl bang nuwéc va hoi nwéc bdo h(da phan piru luc (badng 15), theo ap
sudt p 2 bar ta tra dwgc cac théng so sau:
V =0,0010605 in"/kg v": 0,8854"3 /kg
1 = 504,8 kiZkg I'"" = 2707 kJ/kg
s' = 1,5302 kidcg K s" = 17,127 kiulg.K.
Tl cong thirc tinh cac t.hong s6 cla hoi bado hOa ain ta co:
vx VvV +Xx(v”- V2) =0,0010605 + 0,9 (0,8854 -0,0010605) =0,797 m3/kg
“x(i.- 1) =504,8 +(),9 (2707 - 504,2486,8 = @ kJZkg
Sx s' + x(s"-s") =1,5302 +0,9 (7,127 - 156,567 = (02 kJ/kg K

X MMyx-pYyx 2486,8. 10;L2.105x0,797=:2,326.1()6j/kg 2326,6 kd&/ig

5.2. Xac dinh entanpi, ndi 1ang cta hoi ani o ap swat p = 13 bar, do kho x = 0,98
Pap s6: ix = 27485. k.JAgT x = 2541,3 kizZkg

5.3. Mot binh kin cOthé tich. V = 0,035 w3 chtta s kg hoi bdo hOa am & nhiét
dot = 3100 . Xac dinh do kho, lwvong hoi bdo hba khd va lugng nwéc sdi
trong binh.

Giai
Thé tich riéng cla hoi bdo hOa am duoc tinh:

V 0,035

= 0,007 w3/kg; W = V "-v').
. G , w3/kg; V' + x(v"-v')



72 CHUONG 6

Vay dé kho x la: x = *°
v'"-v
T bang nwéc va hoi nwéc bao hoa, véi nhiét do soi 310.C chung
ta tra dwgc:. Vv = 0,001447 /kg; v*' = 0,01832 /kg

, 0.007-0.001447
D . = =
0 do X = 001832-0.001447 O3

Gi _ A~
am

G| = xxG = 0,33x5 = 1.65 kg
Luong nuwéc s6i Gj : G = ~Gii 5-1,65 = 3.35 kg

5.4. Bao hoi cla 10 hoi cd thé tich V = 12 chita hdn hOp nuwéc va hoi
G = 1800kg & ap suat 110 bar. Hay xac dinh dd khd, lwong nuéc va
luong hoi bdo hoa, do khé trong bao hoi.

Pap s6: x =0,357; Gi =642,6 kg; G = 1157,4 kg

\55 Bao hoi c6 thé tich V=9 | hai phan ba thé tich do6 chira nwdc sbi & ap

suat p = 100 bar. Hay xac dinh lwgng nuéc sbi, lwong hoi, d6 khé va
entanpi cta hoi @m trong bao hoi.

Giai
" 7 kd 7 A= 2 2 -
Thé tich cua nwdc sdi: v - 34\/ = 3—x9 =6iM

Tl badng nwéc va hoi nwdc b<bo hoa véi ap sudt p = 100 bar tra dugc cac
théng 0" sau:
V' = 0,0014521 m'Mkg; v’ = 0,01803 /kg

i. = 1407,7 k/lcg; i. = 2725 kJ/kg; r = 1317,0 kd/kg
Lwong nuwdc sdi dugc tinh:

v=2. 6 =Y = 8 _4imkg

G ,/. “ \A 0,0014521
Thé tich cla hoi: V| = =9-6 =3m"
Thé tich riéng cla hoi bdo hoa kho & ap sud"t p = 100 bar da biét, vay
lvong hoi sé la: v = zIL; G = ) 3 = 166 kg
G|’ V' 0,01803

D0 kho cla hoi dam trong bao hoi:

X = = -—-- = 0,0386
G,+G. 4132 +166
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Entanpi cUa hol am:
ix I +rx 1317,0 +407,7 x0,0386 = 1.458,5 kJ/kg

5.6. Mot lvong hoi bdo hoa aTi G =1.4 kg/s voi d0 khd la x = 0,96, ap suét
p = 20 bar chuyén dong trong 6ng v& van téc to = 40 m/s . Hay xac
dinh durmg kinh trong cUa dng.

Giai
huu lvgng hoi chhy troitg éng:

G = iwp =

day: p - khoi lwgng riéng cUa hoi, kg/ w3
f - ti€t tlién ngaitg cla ong, L
tl - tlwong kinh trong cUa Ong, m; w - tdc do cUa tlOng hoi, mJs
\& - thé tlch riéng cUa hoi am, w3 /kg .
Pa cb f o= GV\2 o0 q = 4Gv
(0 4 V w
T bang nuwO'c va hoi nuéc bdo hOa voi p = 20 bar ta tim duoc:
v = 0,0011678 m3/kg; v' =0,09958m3/kg
Vi nuéc soi cd thé. tich riéng rat nhO so voi hoi bdo.hoa, déng thoi hoi
00 d6 kho khéa cao 1"én:
W =V +x(vV-vO = xv'.

vx = (),96 x 0,09958 = 0,0956 1ii'3/kg

,4x1.4x0.0956

d = 8.14x40

= 0,0652 m = 65 mm
5.7. Hoi nuéc cd dp sudt, p =16 bar chuyén dong trong dwong Ong véi van toc
w = 30 m/s . Hdy xac dinh duong kinh trong cta 6ng trong hai truong
hop sau:
a) Biét hoi cd d6 khdo x =0,9
b) Biét hoi ¢b nhiét dd t = 350.C.
Pap s6: a) d = 75,4 mm
b) d =94,4 mm
5.8. Hoi bado hOa &m o0 luu lvgng G = 500 kg/h véi ap sudt p =100 bar, d6 khd

x = 0,99, tlr bao hoi cUa 10 hoi chuyén vao bd qua nhiét. Sau khi qua bo
qua nhiét, nhiét do cUa hoi tang Ién dén 550 = 2 .C. Hay tinh luong
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nhiét can cung cap cho bd qua nhiét néu biét hiéu suat cla bd qua nhiét

i =0,984 va bd qua ton that ap sudt clia dong hoi khi qua bd qua nhiét.
Giai

Khi bd qua ton that &p suat thi qua trinh nhan nhiét cla hoi trong bo
qué nhiét 1a qua trinh dang ap. Nhiét nhan dwoc cda hoi trong qué trinh
dang éap la:

Q = Al = GAI = G(I2“ii)
& day: - entanpi cla hoi am khi vao bo qua nhiét
i2 - entanpi cla hoi ra khdi bd qua nhiét.
T bang nuédc va hoi nwéc bdo hoa, voi ap suat p = 100 bar ta tim duoc:
tg = 310,96 ¢ ;i. = 1407,7 kd/kg; 1’ =2.725 kJ/kg; r = 1317,0 kJ/kg

Entanpi cua hoi vao bd qua nhiét:
h ~hx = + )= i.i+riXi = 1407,7 2. 1317,0 x 0,99 = 2712 kj/kg
T bang nuwoc chuwa sdi va hoi qua nhiét, voi ap suat p = 100 bar ta tim
duoc:
t = 500.C; i=3372 kJ kg; t = 600.C; i=3621 kJ/kg

Vay entanpi ¢ t = -——— —- 550 = c la:
o — 33723021 _ 34965 Kilkg

Nhiét hoi nhan duoc trong qua trinh dang ép:
Q =a(I2- 1) =500 (3496,5 - 2712) = 392,25 . 10" kJ/li

=SAN2-N 109KW
Q 3600
Nhiét can cung ca'p cho bd qua nhiét sé la:

- Q gJ Q
0 n 0,984
5.9. Hoi am c6 ap sudt p = 20 bar, do khd x = 0,98, luu lwvong G = 2500 kg/h
dwoc dwa vao bd qua nhiét. Hoi sau khi ra khéi bé qua nhiét cb nhiét dé
t2 = 400.C. Hay xac dinh lwgng nhiét ma hoi nhan dugc & bd qua nhiét
va ty s0 duong kinh clia 6ng dan hoi khi vao va khi ra khdi bd qua nhiét
néu gia thiét hoi vao va ra cd cung toc do, bé qua ton that ap suat.

Pép s6: Q =1,25 . 10®kJ/h ; - =0,81
2
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510. Nuw6éc dwoc cdp va. i0 voi liai lwong G :: 900.10 kgih nhiét do
= 1600.C, 4p swét p = 160 Saifi khi uhian hugiag nhiét Q = 2270,4.10
Kj/h nuoc bi€i) thanh hwi va ra khéi 16 hoi. Xhc dinli. trang thai cua hoi ra
khoi 10 14 hoi gi, ¢6 nhiét do bao nhié .
Dxép s6 HJN qua nhiét, c6 t —500 ¢
5.11. Hoi vao binh ngung cUa tua bin c6 lwu luong G = 25 kg/s dd khd
x = 0,83. Vacuinet cUa binh ngung ch d chan khdéng pck = 712,5 mm
Hg, &p suat khi quyén po = 750 iniin Hg. Hoi ugutng tu trong binh ngung
& ap sudt khong doi tao thanh nuBc ngurug va c:hdy ra khdi binh. Hay
xac dinh lvong nwéc lam mat can cho bi-nh liglg, néu nhiét dé nwéc lam
mat khi vao tii = 12C va khira tm = 231C
Gia
TrvO.c tién chdng ta hdy viét phuwong trinh
can bang nhiét, cha binh ngung:

Nhiét lwvong cUa hoi nhad ra trong qua trinh (2=23C
ngung tu dugc dOng dé' lam nOng nwéc lam mat tw
tnl dént, 2.
Gi (ix-i'i = G,Cp(tn2-t,i) m=12C
G, = °rtx Hinh 5.1

Ap sudt tuyét 46" cUa hoi trong hinh ngung la:
375
p=p -p k” 750 - 712,5 =375 mm llg : .7§0 = 0,05 bar

T bang nwéc va hoi nwoc bdo hOa véi p = 0,05 bar tim dugc:
t= 32,88 C; : 2561 =" kJ/kg;r = 2423 kJ/Kkg
Do d6: ix = i’+rx =137,83 + 2423 x 0,83 = 2149, kJ/kg
Nhiét dung riéng cla nwéc; ¢ = 1'kcal/kg dd = 4,18 kJZkg dd
Qh =G, (ix-i') =Gxrxx = 25 x 2423 x 0,83 =50.277 kw
Lwgng nwéc can.lain méat cla binh ngung:
5027
"7 4,18(23-12)

G

= 1.093kg/s; V, = G i E I 93m /s
p. !
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5.12. C6 hai binh hdéi A va B PA' a ;
(H.5.2). Binh A duogc gia
nhiét bang hoi trich tr tua  ©2=110 ¢
bin cé ap suat = ¢ bar, I t =60 ¢
t = 260.C, binh B ciing 'l g

Pb a e

duoc gia nhiét bang hoi Hinh 5.2

trich & ctra ti€p theo cla

tua bin voi ap suat Ps = 1,2 bar va = 140.C. Sau khi ngung tu nuéc
tr binh A chdy don cap sang binh B nho chénh léch ap suat. Nuwéc cap
tlr binh ngwng cla tua bin c6 Gj =3 kg/s di vao binh B ¢ nhiét do tj =
60.C, ra khdi binh B vao binh A c6 nhiét d6 t = 96 8 C ra khoi binh A

c6 nhiét do to = lio.c. Tinh Lwgng hoi trich tir tua bin vao cac binh gia
nhiét, cho biét hiéu suat s dung nhiét cta hai binh nhv nhau, =1k =
0,98.
Gidi
T p~ =6 bar tra bang nwéc va hoi nwdéc bao hoa ta tini dwgc nhiét dé
bdo hoa tuong wng tg = 158,84 c, = 670,5 kJ/kg, hoi trich la hoi qua
nhiét. T bang hoi qua nhiét voi = 6 bar va t~ = 260"C tim duoc

= 2975 kJ/kg. Hoi sau khi nhd nhiét se thanh nwéc ngung c6 i\don

sang binh B.
Luong nhiét hoi nha ra trong binh Acho nwéc: Q =G (la ia”
Luong nhiét hoi cdp cho binh A: - GAcAito -t)

GuCn( -t) _ 8x4.18(110-96.8)

. = kg/s = 702 kg/h 0,195
llalla-ia) 0.98(2975-670.5)
T bang nwéc va hoi nwdc bdo hoa voi B.B
p = 12 bar tim dwgc t 104,81 = : c, N
i3 = 439,4 kJ/kg, nhuv vay hoi vao binh B 1206.8 c G ti =60 c

cling la hoi qua nhiét. T¢ Pb = I|,2bar, —
tg = 140.C, tra bang nuéc chwa sbi va hoi
qua nhiét tim duwgc Iz = 2755kJ/kg. Cén
bang nhiét cho binh B:

Nhiét do nwéc ngwng tu binh A cap cho binh B:

QaB - Ga( 'A< B)
Nhiét do dong hoi trich nha ra cho binh B:
Qb ” Gb(b*“ ')
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Nhiét thuwc té truyéii cho liv(lc cdp & bii.h

QnB =mi;\(in~iv Gr(lr-in)l
vay:
GnCn(t-ti) Ca(ia-iB) 8x4 18('9%6 8-6H). 0.195(670,5-439,4)
Me(ie-1.8) (iB-iB) 0.98(275)5-439,4) (2755-439,4)

= 0,523 kg/s"=1SS2,8kg7h

Hoi trich tr tua bla vao binh hi6i G Ppa=6.5 bar

. x: =094
nhiét r6 ap suat p 6,5 bar, IE lug3)g
Gh, d6 khdé x 0,94 (H.5.3). Nuidc 0 G,=1kg
ngung ra khoi binh hol nhiét c6 nhiét p,=100 ba ,
dd nho hon nhiét d6 sOi 2 c. Nwéc =
cip c6 ap suat pn = 100 bar, nhiét do -,
nwéc vao tni = 110.C, nhiét a0 nw'O'c
ra i\]2 = 155.C. Hay x&c dinh luong Hinh 5.5

hoi trich Gii can dé dot nOng 1 kg nuéc cap.

Pap s6: Gh = 0,098 kg hoi / kg nuoc

Ho'l bao hoa &in & ap sudt p =.0,1 bar, d6 kho

X = 0,98 di vao binh ngwng kiéu hén hop (H.5.4). Geh
Nuoc lam mat di vao c¢6 i\] = 150 . NuOc o an
G = Gh+Gn ra khOi binh c6 nhiét dO bido hOa
(ithiét do s6i) ts Hay xac dinh lwgng 1Muoc lam Hinh 5.4
indt Gn can thiét, néu cho biét lvong hoi bao

hOa am di vao G|i =580 kg/li.
Pap s0' Gi =9240 kg/h

No6i hoi chira lwgng hoi bao hOa am G :: 8000 kg & ap sudt Pi = 4 bar,

dod khdé x = 0,0015. Nguoi ta cdp cho nO lvgng nhiét Q = 300 kw trong
diéu kién dOng tat cd cac van thi ai) suat tang Ién dén 10 bar. Xac dinh
thoi gian can thiét d6t nOng dé ap suét tang Ién nhuw trén va xac dinh do
kho.

Vi tat cd cac van déu dong nén day l1a qua trinh dang tich cia hoi

nuéc. Nhiét cap vao trong qua trinh déng tich bang bién thién ndi nang:

= G.Al=G.2-ui); Au. = 1x2- xi+ x(Pi-Pa)
X = 2% = vx 'l ViEXj(vUi-vi)
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Tw bang nudc va hoi bdo hoa, voi p =4 bar ta tim duwoc

v'i = 0,0010836 ni /kg; v"i=0,462m /kg

v~ = 0,0010836 + 0.0015(0,4624 - 0,001836) = 0,001776 kg
v = Ngoai ra ta co: V|j. = v;j2+"2( 2~ 2)

Tw bang nudc va hoi nwdéc bdo hoa véi P2 = 10 bar tim dwgc

v2 =0,001273 m ~kg; v'2 = 0,1946 m /kg
Dod.tac6: X =
L T | 0,1964-0,001273
Entaiipi: iXI = Ti+ Xi(i"i-i'i) = 1'i+riXj

5.16.

5.17.

TU bang nuéc va hoi nwéc bdo hoa véi p = 4 bar ta co:
i 604,7 kJ/kg; = 2133 Kkj/kg
604,7 + 0,0015 X 2133 =607,9 kJ/kg

i"24+x >r2 .

Entanpi ix,: ij,
Tw bang nwéc va hoi bdo hoa véi p2 = 10 bar ta co:

i2 =762,7 kd/kg; T = 2015 kj/kg

"2 =762,7 + 0,00335 X 2015 = 769,4 kJ/kg
Vay Au™ dugc tinh:

X
1

iIX2-ixi+ x(Pi-P2)
769,4 - 607,9 + 0,001776 (4- 10).1 0 16 0 ,4 = .10 kJ/kg

Nhiét do hoi nhan dwgc: Q, = G.Au = 8000x160,4 = 1,283.10® kJ

FHI gian c&n thist: 7= Q_ 1283100 _ 71,3 phat
Q 300x60 N
Mot binh kin thé tich Vv = 0,2 chira mot lvgng hoi bdo hoa am ¢

nhiét do ti = 180.C, d6 am y = 5%. Sau mot thoi gian nhat dinh dé ra
ngoai troi nguodi ta do duwoc 4p sudt P2= 9 bar. Hay xac dinh do khdé cula
hoi & trang thai cudi, lvong nhiét ciia hoi nha ra méi treong. Biéu dién
qua trinh trén do thi i - s.

Dap s6: X2 =0,85; Q =298 kJ
Nguoi ta dot néng 1 kg hoi nwéc & ap suadt Pi = 10 bar, nhiét do
t| = 240.C dén t2 = 350.C trong diéu kién ap suat khéng déi. Xac dinh

lvong nhiét ma hoi nhan dwoc, cong thay déi thé tich va lugng thay doi
ndi nang.
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Giai
Pay la qua trinh déng 4p cha kh i thyc, nhiét trong qué trinh dang ap

duoc tinh: Q@ = Al =i2~h

Tw bang nwéc va hoi nwéc bao ho.a véi p = 10 bair ta tra dwoc nhiét dé

sbi twong &ng tg = 179,88 ¢c. & day 11 = 240.C > tg, vay hoi & trang thai
dau la hoi qua nhiét. Tr bdng nuwéc chiva séi wa heoi qu,a nhiét tim duoc:

= 10 bar, ™ 240.C  taco: 1i - 2918 k.J/lcg
10 bar, to

po 350.C = 3156 kJ/lcg
Vay nhiét ma hoi nhan duwgc: gp = 315.6 - 2918 = 238 kJ/kg

Cong thay d6i thé tich trong qua trinh didng ap: li2 =p( 2~ 1)

Tw bang nuwéc chuwa séi va hoi qua nhiét: P| = IObar ; = 240.C
ta co: W = 0,2274m"™ kg
P2 = 10 bar, to =350 c V2 =0),282:2m.~ /kg

Vay: 42

10. 10°0,2822-0 2274) =54 8.107J/kg
Theo dinh luat nhiét dong I:
q=Au+ 172 Au=q-/12=238-54.8=183,2J/Kkg
5.18. Hoi bdo hoa khd & ap suédt p = 10 bar sau khi gidn n& d&ng nhiét, ap
sudt cudi P2 = 1 bar. Xac dinh lvgng nhiét can cip cho hoi va céng thay
déi thé tich. Biéu dién qua trinh trén do thi i - s.
Giai
Nhiét trong qua trinh dang nhiét duoc tinh:
T 7 T(S2“Si)
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¢ day si=s"l (hoi bdo hoa khd), T Tg. T¥ bang nuéc va hoi nwdc bao
hOa voi Pi = 10 bar tim dwoc s"l = 6,587 kJZkg d6, tg = 179,88 ¢ : 180.C.
Trang thai 2 la hoi qua nhiét c6 P2 = 1 bar, t2 = ti = 180.C, tr bang nuéc
chwua séi va hoi qua nhiét tim dw'c: S2 = 7,748 kJZkg dbé
2 = 2.078 m3/kg, 2835 = 2 kJ/kg.
Do vay: qg? = (180 + 273) (7,743 - 6,587) = 524 kJ/kg
Tw dinh luat nhiét dong | suy ra:
g = Avu /| = 2T-Avu
A = - (2-222)-( -2 )
Tw bang hoi nuwdc bado hoa voi Pi = 10 bar ta ¢cO
ii=i"i=2778 kJ/kg Vi =v"i =0,1946 m~/kg
Do dO:
Au = (2835-1.105x2 078.10-3)-(2778-10.10 x0O.1946 ~10"3)= 43,8 kJ™g
;= 2T-Av = 524-43,8 = 480,2 kJ kg

5.19. Hoi nwéc & ap sudt Pi = 6 bar, ti = 200.C. Sau khi bi nén dang nhiét
dén thé tich la 2=0,11 m3/kg. Xac dinh nhiét thai trong qua trinh
nén, biéu dién qua trinh trén do thi i - s.

Pap s0: gq? =- 522,9 ki”g

5.20. Hoi nuwoc 6 trang thai dau Pi = 8 bar, ti = 240.C, gidn n& doan nhiét
dén P2 = 2 bar. Hay xac dinh do6 khd, cong ky thuat va céng thay doi
thé tich.

Giai
Day la qua doan nhiét t.huan nghich (s = const) cta khi thuc (hoi).

Si = S2 = const
Hoi 6 trang thai 1 la hoi qua nhiét (ti > tg = 170,42.0, tr bang nudc
chua sbéi va hoi qua nhiét véi Pi = 8 bar, ti = 240.C tim dugc:
Vi = 0,2867 m3/kg, 2926- kJ/kg
Si=6,991kJ/kgdo

Tl bang nuwoc s6i va hoi bdo hoa kho voi
P2 = 2 bar cO:

v'2 =0,0010605m3/kg

V2 =8,8854m3/kg
HITiK 5.5
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2 =504, ki/kg
2707 2 kl/kg
5.2=1,5302 kJZkg do
"2 = 7,127 kJ/kg do
Vi: 2 6,991 8 < s'2 = 7.127, do d6 hoi & trang thai 2 la hoi ain.

i 6,991-1,5302
s"2-s'2  7,127-1,5302°

2 = 2+ 2( "2- 2) X, =0,976

2654 = (504,8 - 2707) 0,976 + 504,8 =22  '2+72("2- '2 '2+ 2 k/kg
Coéng k¥ thuat cla qua trinh doan nhiét:
zktiz = -Ail = 272 = 2654- 2926 = 2 - klJ/kg
Cong thay doi thé tich cUa qua trinh doan nhiét:
q =Au +22 =0
zlb = -AU=Ui-U2=0i-Pi i)-(I2-P2V 2)
2 = V2+X2(V'"2- 2)
8,672 =(0,0010605 - 8,8854) 0,976- 0,0010605 in3/kg
Z2 216= 3-10. 8,672 A (2926- 8.10 "0 2867.10'3)-(2654- 2.10 kJ/kg

5.21. 1 kg hoi nuéc tir trang thai ban dau Pi = 30 bar, t\ = 300.C gian né&
doan nhiét dén .p2 =0,5 bar.

Xac dinh X2 va cong ky thuat cUa qua trinh.
Dap s0: X2 = 0,84 Ikti2 = 725 kJTkg.

5.22. Chu trinh Renkin cla hoi nwéc c6 Pi = 30 bar, ti = 400.C, P2 = 0,04 bar.
Xac dinh cbéng va hiéu it nhiét
cda chu trinh, lvgng nuéc can lam
mat binh ngung tng voi 1 kg hoi
khi nhiét do lam mat tang Ién
10.C.
Giai
Coéng cua chu trinh khi bd qua
cong cda bom nwéc cdp chinh la cong
cla tua bin trong quéa trinh gian né
doan nhiét 1-2. HiTiho.e
0 1 2
Tw bang nwéc chua sdi va hoi qua nhiét voi Pi = 30 bar, ti = 400..C
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tim duoc: il = 3229 kJ/kg
Si =6,916 kJ/kg do
T bang nwéc va hoi nwéc bdo hoa vai p2 = 0,04 bar co:
2 = 121,42 kJ/kg; i 2 = 2554 kJ/kg
so = 0,4225 kJ/kg d0; s8,473 = kJ/kg dd; sz = sy= 6,916 < s's = 8,473
nén hoi & trang thai hai la hoi am.
= S 2+ X9(S 2-S 2)

o = _%_-S 6,916-0,4225 _081
S.2-S2 8,473-0,4225

121,42 + 0,81 (2554 - 121,42) = 2092 kJ/kg

12

Cbéng cua chu trinh:
/| = 3229 - 2092 = 1137 kJ/kg

Nhiét cap cho chu trinh:

Q= -i.2 =3229 - 121,42 = 3107,6 kJ/kg
Hiéu suat nhiét:
il ! v 0,36 36,6%
{t=— = -- =0, = ’
=3 T 31076 °

Nhiét thdi ra trong binh ngung can dwoc nwéc lam mat tai di:
=12-12= 2092 - 121,4 = 1970,6 kd/kg

Lwong nwdc lam mat can cho 1 kg hoi trong binh ngung:
== 0Qn = GnC,At,

N
. d‘f — 19706 _ 4714 kg nucikg hoi
t = 4,18x10

5.23. Chu trinh Renkin clGa nha may nhiét dién nhu bai 5.22, néu cho biét
hiéu suat twong ddi cla tua bin TLIT = 0,9, hiéu suét 10 hoi 1/ = 0,85,

hiéu suét 6ng dan hoi o, hiéu sud't co khi va hiéu suat may phat
dién:

N. =T =Jh =0.98
Cébng suat cla may phat dién N = 10 Mw, nhiét tri cta nhién liéu
Q. = 25 MJ/kg. Hay xac dinh hiéu suat cia nha may nhiét dién, lvgng
hoi sdn sinh tir 10, lwgng nhién liéu, suat tiéu hao nhién liéu va luong
nudc can lam mat binh ngung.
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Hiéu suat nha may nhiét dién dugc tinh.:
AN= 1t m i6 -hck
=0,366 X 0,9 X 0,85 X0,98 x 0,98 X 0,98 = 0,264 = 26,4%

Nhiét do nhién liéu chay tdéa ra ng v6i 1kg hoi:

q, = .. . = 3731kJ/kg
N ri.rno0,85 .x0,98

Coéng cta nha ma ~nhiét dién:

:h ~
9nh

2 Tihg™ =0,264x3731 =985kJ;/kg hoi

Sudt tiéu hao hoi:
- 1 1 .
N = 985 =0,001015 kghoi /kJ
Luong hoi ma 1o hoi can san sinh:
Dn = dj,,xNx3600 = 0,001015x10.10" X 3600 =36548 kg hoi/h
Lwong nhiét do nhién liéu cung cap:
Q. =4q,, xD,, =3731x36548= 136,36.10® kJ/kg
Lwong nhién liéu tiéu hao:

g . Qn " 13636 I =05454 kg NL/h
5 Qt 25.10@

Suat tiéu hao nhién liéu:

=211 =

- = 0,5454 kg NL/ kWh -
m N 1,13

Lwong nwdc lam maét cla binh ngung:
Gn =G xD =47,14 x 36548 = 1723 T/h

Hay xac dinh cong cla 1 kg hoi nuéc thwc hién va hiéu suat nhiét cla

chu trinh Renkin. Néu biét Pi =100 bar, t* = 550.C, p2 = 0,04 bar.
Pap s6: / = 1465 kJ/kg; T43,4 = %.

Chu trinh Renkin véi Pi = 100 bar, ti = 550.C, p9 = 0,04 bar. Hay xac

dinh d6 kho cla hoi sau khi ra klidi tua bin néu hiéu sua twong dol cla
tua bin ni. =0,84.

Pap so: X2 =0,882
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5> 6. Nha may nhiét dién doét than co nhiét tri Q. = 25 MJ/kg. Xac dinh suad
tie(u hao chat d6t cho 1 kWh néu biét: 7i,-0.4, Tloit= 0.02,
J1.=0,8, ri6 =0,97, Jiex =0,98, Jla =0,97

Dap so": =0,594 kg/kwh.

5.27. Chu trinh Kenkin c6 qua nhiét trung gian vo&i cac théng sd sau:
Pi = 110 bar, ti = 500.C, p2 = 0,04 bar, ap sudt sau gian n& lan thw
nhat p’ = 30 bar (ap sudt trong bdé qua nhiét trung gian), nhiét dd hoi
khi ra khoi bd qua nhiét trung gian ty = t = 500.C. X&ac dinh hiéu suat
nhiét cta chu trinh Renkin khi khéng c6 qua nhiét trung gian va khi cé
qua nhiét trung gian (H.5.7).

Giai
Tl d6 thi i - s ta tim dugc cac thOng s6:

~

I\ = 3300 kizkg: 2996 = 6 ki/kg; 3450 = 7 kl/kg

2476 = 2 kJNgj X =0,935
2250 = 2 kJ/kg; x2 =0,835
T bang nwéc va hoi nwéc bado hoa (hodc tw do thi i - s) theo p = 0,04 bar,

1'2= 121,4 kjzkg

Hiéu sudt nhiét cha chu trinh Renkin:
_ |- 3360-2250

it = .. . = 0,343 = 34,3%
1-12 3360-121.,4

Hiéu sudt cUa nhiét chu trinh Renkin cO qua nhiét trung gian:
(ii-16)f(17-12) : (3360- 2996)+ (3456- 2476) 3 363
( - '2)+( - 6) (3360-121,4)"(3456-2996)
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Két qua do cd qua uh ét trung gian hiéu suat nhiét tang thém dw.gc 2
a do khd X cUng tang Ién.

5.28. Xac dinh hiéu sudt cUn chu trinhi Kenkin c6 qua nhiét trung gian lam
iéc 0l cac thOng s6 Pi = 130 bar, t* = GOOC, P2 =004 bar. Hoi ao

DO qua nhiét trung gian dwoc xein nhw hol bdo hOa khd, nhiét dd hoi ra
khOi b0 qua nhiét trung gian la 500 ¢ nhiét dd nudc cap vaoilo hoi
au. =180C- Biéu diEn d'u trinh f1.8il do thi T- sva 1. s.

Dap s6: Pi : 130 bar, [] =600 ij =3294 kJ/kg, 86,758 = kJ/kg do
pt; = 6 bar, + = 2757 kd/kgl sa = 56,758 kJ/kg dé
Xa =1 Ph:Pg =6 bar: tb =500.C3483 =2 kJ/kg
S|: 8,001 kJ/kg: P0,04 = bar, X =0,942408,4 =2 kilkg
S2 8,001 kJ./kg d6 tnc = 180.C i,c-736,1 kJZKg.
COng bom /p = 13 kJ/kg; cOng tua bin /1612 =  kJ/kg.
Nhiét cdp ! = 3257 kJ/Kkg.
Hiéu suat: 49 =

5.29. Chu trinh hol nuwéc hdi nhiét véi vioc don nuéc ngung tir cac binh gia
lihiét vé phia sau cho ap suilt va nhiét d6 vho tua bin Pi = 30 bar,
tv = 450.C, 6p suat hoi v\o t)ii h ngui)g P2 = 0,04 bar. Tua bin cO ba
clra trich hoi a, b ¢ va ba binl gia nhiét A B, c. Biét lwong hoi trich tai
cac cua nhu nhau ga =g\) :=gr0.09, ap sudt tai cac cuva trich Pa = 10

har,
Pb= 3bar, Pc = 0,5 bar.

Cho biét cOng suat cua tua bin N =5 Mw. Xac dinh hiéu sudt nhiét cla
chu trinh hoi nhiét va so sanh voi hiéu sud't nhiét cUa chu trinh khi
khOng 0O héi nhiét, nhiét do nutc ra khOi binh gia nhiét A, lvgng hoi
ma 10 hoi can san sinh lvong hoi trich tir coc clra trich.

Giai
Chu trinh thiét bi h6i nhiét tha hién trén H.5.8.
Tw do thi i — s cta hoi nwéc tatlm duoc
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Pitii

3350 = kJ/kg; 1 =3050 kJ/kg; ib =2750; 1 = 2470;
Tl bang nwdc va hoi nuéc béo
hoa theo 4p sudt ta cO entanpi cla
nudc nguwng (x = 0) 1
Pa = 10 bar ia = 763 ki~cg
Pb
Pc =0,5 bar ic =341 kJ/kg
P2 =0,04 bar121 =12 kJ/kg

3 barj i't =561 kJ*g

Hiéu sudt cua chu trinh hoi 1
nhiét dugc tinh:

__1- 3 3- - -2

o q - Incap

& day: g=1 -(ga+gb+gc) =1- 3 x 0,09 =0,73

CHUONG 6

12 2140

incap =inA - enlanpi cla nwdc ra khdi binh gia nhiét cudi dé dwa vao 10

hoi. Muén tim inA, ta phai tim inB va inc ChUng ta hdy viét phwong trinh

can bang nh ét cho cac binh A, B, ¢ (b6 qua cong tiéu hao cta bom va t6n
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({that cia vail
Blah C:
+ Ix 'gj, +gb)i'b = ly.i,,c+(ga +gb+gc) +2)
do do
Inc=gc c+12 +(g; +gb) 'b-(ga+gb+gc)l'c
0,09x2470 + 121 + (0,09 t 0,09)x561 - 3%0,09x341 = 352 kJ/kg =
BinhE
gbib+ , +g ' =1,B+(ga +gb)i'b
iB-gb b lie ga a_(ga gb) b
0,09x2750 + 352 +0,09x763 - 2x 0,09x561 = 567 kJZkg
Binh A

ga a IB~hiA ga a
ijiA - gata alB—ga
0,09x3050 t 567 - 0,09x763 = 773 kJZkg =
TU baiig nwoc chua soi va hoi qua nhiét vor p = 30 bar, INnA = 773
kJZkg ta tiin dwoc nhiét do 1g = 182.C (nhiét do6 s6i ng v&i p = 30 bar Ia
ts Cl.234.
Vay:
0 r sga 1 2g ) icgc
0,09x3050 - 0,09x2750 - 0,09x2470 + 0,09x2140 - 3350 =
= kJZkg 1043,5

q, - )\= kJZkg 2577 =773 . 3350
1043,5
© =405 1
R 57

* Néu khong ¢ hoi nhiét;
-2 3350-121
Lwong h i ma 10 hoi can san sinh:

G:ﬁ:ii3:48mmﬂ1me

Lwong hai trich tlr cac clra trich:
G =Gb=Gc= 0,09 G =0,09 x 17,28 = 1,56 T/h

5.30. Mot tua bin hol dwoc 1am ngudi bang nudc bién dé vira san xudt dién va
nwdc ngot. So dd bé tri nhw H.5.9.



Nuwéc bién giai nhiét Gt
Hinh 5.9

Luu lvong nwdc bién gidi nhiét binh ngung c6 cac théng sb sau:

Luu lwvgng G = 300 kg/s nhiét dé nwéc ngung tang tr 17"C khi bom vao,
sau khi ra khoi binh nguwng c6 nhiét d6 30.C duwoc twdi vao binh chung
cat nwdc ngot, & day' ap suat sé giam xudng tuong (ng véi nhiét dd bao
hoa trong budng bdc hoi la 25 c.

Lwvong hoi béc ra chay qua binh chwng cét, hoi dugc ngung & nhiét do
23.C nho bom nuéc bién lam ngudi, nhiét d0 vao 17.C va ra 21.C va
nwdc ngot ngwng tu dwgc dwa di st dung.

Tinh:

a) Tinh lwgng nwéc ngot sadn xuat trong 1 gi0 (gid thiét viéc tach hoi la
hoan hao va bd qua céac ton that phu.
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b) Lwong nuéc lam miit qua bd chung cat nwéc. Khi tinh toan sir dung
théng 9" cla nuéc thuong.

Giai

Qua trinh tao hoi & bd boc hoi

tudi phun la clo sv tiét lvu clia nuwéc bad  (30+273)

hoa & 30C (trang

thai 2) thanh trang

thai hoi am & nhiét d0 bao hoa 25.C. (25+273)
Nguyén ly dwoc biéu thi trén do thi T

- S

¢ t = 30.C tra bang nuwéc va hoi nwéc -

bdo hoa tim duoc:
i0
Po
0 nhiét do: t..
i
Vi qua tiét luu: i;

= 125,71 kJ/Kg
= 0,03166 bar

= 25'C cling bang trén tim duwoc:

104,81 kj/kg; i” = 2547 kJ/kg
i., do do6 tim duoc:
125.71-104,81 20,9

=0.00856
2547-104.81 2442.2

Lwvong hoi nuwéc tao ra (cung la lwong nuéc ngot thu dugc khi ngwng tu)

= 0,00856 x 300 = 2,568 kg/s =9244,8 kg/h.

B6 phan ngung tu nuwéc ngot c6 nhiét dé6 bao hoa la 23'C, tr bang nuéc

va hoi bao hoa ndi
p...

- Hoi bao hoa

r=2454

Lwu lvong nwéc gidi nhiét dwoc tinh theo phwong trinh can bang nhiét:

G. = -
Cp(t"-t')

suy so tim duoc.

= 0,02337 + (0'03166‘;'02337)“ = 0.028044 bar

& 23C cb an nhiét hoa hoi:

2454 -2442). 5 _ 2446,8 kJ/kg

bXCp(tZt?) = rxGh

AN 901921 kg/h =901,921 T/h =901moh
4,18(21-17)
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5.31. Chu trinh thiét bi dong luc hoi P::5216°bar
) ) 0 ) . G=1o\g/h | ¢
nwéc hoat dong véi cac théng so
nhw da cho trong H.5.10.
Xéc dinh: p"= 0.0ebar
- Cbng sinh ra cua tua bin; cbng
tieu hao cla bom cap, cong suét long béo hoa
clia hé thong thiét bi. P3=0.06bar
: g ! >
Nhiét cap cho 10 hoi, hiéu suat Hinh 510

nhiét cda chu trinh.
Dap s6: /t = 1383,5 kJ/kg; b= 12,07 kl/kg

N =381 Mw; =3238 kJ/kg; =42,4%

5.32. Chu trinh qua nhiét trung gian clia nha may dién duoc biéu dién nhu
H.5.11:
ti=400 c

t=25c

=20 ¢

1) Xéc dinh thong s6 co ban cla hoi tai cac diém dac trung 1, 2, 3, 4, 5, 6.
2) Nhiét lwong cdp cho 10 Qi, nhiét lvgng thai qua binh ngung Q2 , bd

qua cbng tiéu hao bom c@'p s = const, cho biét cong sinh ra cla tua bin
Ng = 160 Mw.

3) Tinh lugng nwéc lam mat cda binh nguwng, lwvgng dau tiéu hao trong 1
gio khi biét 10 dot dau FO co6 nhiét tri Qq = 10.000 kcal/h va hiéu suét

10 i = 0,9.
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4) Biéu dién chu trinh trén d0thi T - svai- s.
Pap sb:
Trang thai 1: M = 0.03438 nrVkg, ii = 3135 kJ/kg, si= 6,358 kJ/kg do

~

Trang thai 2: si =s2=6,358 kJ/kg do, X =0,95, 12 =2677 kl/kg

Trang thai 3; P3 =P2=10 bar; t3=400C; W = 0,3065
13 = 3263 kJ/kg, S = 7,461

Trang thai 4: 84 =83= 7,461 kJ/kg; X = 0,91, 14 = 2364 kl/kg

Trang thai 5 X% =0; 15=191,9 kJ/kg; s5 = 0,6492 kJ/kg do

Trang thai 6: Vibd quacong tiéu hao clia bom cap nén c6 thé xem
Pe =80 bar; b -ie; s -

Hiéu suat nhiét cta chu trinh: = 38,5%

Luu lwong hoi la cung cdp: Gi =424,5 T/h.

Lwong nhiét thai qua binh ngung: Q2 = 256079 kJ/s

Luu lvong nuwdc lam mat binh ngung: G* = 44,109 T/h

Lwong nhiét cung cap cho 10 dé sinh hoi: Q3 = 1496,3 kJ/h

Lwong dau tiéu hao: G4 = 39,775 T/h.

5.33. So dd nguyén ly hoat ddng va cac thong s6 cla chu trinh héi nhiét duoc
ghi trén H.5.12.
1
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Xé&c dinh:

a) Thong so tai cac diém dac trung 1,2, 3, 4,5,6,7,8,9, 10, 11, 12.

b) Céng sinh ra cda tua bin &*ng véi | kg, cong tiéu hao cla bom aiig voi

1 kg, nhiét cap vao cho 10 hoi &ng véi 1 kg hoi tudn hoan.

c) Hiéu suat thwc cta chu trinh va céng suat ciia nha may sinh ra.

d) Biéu dién trén do thi T - s.

Bap 0"

Trang thai (1) v*= 0.02861 m~/kg; 3347 kJ/kg; "= 6,487 kj/kgdd
Pi = 120 bar; t*= 500C

(2) P2= 1,5 bar; si=so = 6,487 kd/kg do, X3 =0,977; i2 = 2731,4 kJ/kg

(3) P3= 1,5 bar; 84= S| = 6,487 kJ/kg do, X3 = 0,873; 13= 2410,2 kJ/Kkg

(4) P4= 0,06 bar; 84= "= 6,487 kJ/kg do, Xt = 0,764, 14 = 1997 kJ/kg

(5) P5=0,06 bar, Idng bdo hoa, I5 = 151,5 kJ/kg

(6)i@ = 15+ 5(P6 “P5 = 151,67 kJ/kg

(7) P7= 1,5 bar, 16ng bdo hoa, 15 = 467,2 kJ/kg

(8) ig

(9) P9 = 120 bar; tg = 170C. NOi suy tr bang nuéc chua séi va hoi qua
nhiét tim dwoc ig = 725,86 kJ/kg

iy+Vyipg-pv) = 479,59 kJ/kg

(10) piQ - 10 bar, I6ng bao hoa, iy) = 762,7 kJ/kg
(11) in = iio+Vio(Pii-PiO) = 775,21 kJ/kg
(12) Can bang nhiét va chét cho binh gia nhiét th¢ 2 sé tim duoc dong
hoi trich dau tién:
S BelE = 0.1069
2 10"9."8

Dong 12 14 hon hop cta dong 10 va dong 11, tr phwong trinh can béng
nang lwgng tim dwoc

yYig - 1) =0 + [2

2 =(-y)y 49 =731,27 kd/kg
Can bang nhiét cho binh gia nhiét thé nhat

y=0"y-y-D)+3)y-D-e)7

ym=0,1220

Cong sinh ra cOa tua bin &ng v&i kg moéi chat;
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h= .2 |- )+(l-y'H>2-3 +(l-y'-y")<3-14) = 1250,3 ki/kg
Céng tiéu hao cua bom ¢ng voi 1 kg Tii6i chat
Nhiét cdp vao cho 10 hoi:
Q =ii-iop = 2670,5 kJ/kg

Hiéu suat nhiét cta chu trinh:

hi = hs*_K = 0,463 = 463%
|

Cong suat cta nha may thwc hién:
w = G|/t-/bl =344 Mw
5.34. Tinh hiéu suat nhiét cta chu trinh ghép H20-Hg. Chu trinh hoi nuwéc
van hanh voi thdng $8' hoi vao tua bin: ap suat 30 bar, nhiét dd qua
nhiét 450.C , ap suat ngung hoi 0,04 bar. Chu trinh hoi thiy ngan bao
hoa Hg hoat dong trong pham vi ap sua"t 14 bar va 0,1 bar.
Giai
Pé tinh toan chung ta xay dwng chu trinh ghép trén do thi T-S nhu
H.5.13, sau do lan luwot tinh toan cac thong s6" cho tirng loai chu trinh.

a) Xét chu trinh hoi nuéc:
Trong binh trao doi nhiét Hg-H.20:

3% = 4- kilkg

TU bang hoi bdo hda va nuéc sbi, voi p =30 bar tim duoc:
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13
B4

Nhiét cap tr ngudén nhiét bén ngoai:
9.23+945 = (Iy -12)+(Is - 14 )= (1008 - 121) + (3343 - 2803) = 1427 kJ/Kg

1" = 1008 kJ/kg 1+ =1" = 2804 kJ/kg
2804 - 1008 = 1976 kJ/kg

Nhiét thai trong binh ngung:
= (i"-ig) = (121 - 2133) = 2012 kj/kg
Coéng sinh ra cula tua bin hoi nuéc:
= (Is -ig) = (3343 - 2133) = 1210 kJ/kg
b) Chu trinh hoi thuy ngan:
Nhiét tr 10 hoi Hg cap cho chu trinh:
9810 =
S dung bang théng s6'nhiét dong cua Hg trén dwong bdo hoa twong tw
bang hoi nwéc chang ta sé tim duwgc cac thong s6" nhu sau:
9810 = (1w - s) = (362,55 - 34,33) = 328,22 kl/kg
Sau khi gidn né doan nhiét trong tua bin thiy ngan ta tim duoc:
Xyy = 0,7286, va: lii = 248,93 kJ/kg
Cong sinh ra cla tua bin thiy ngan:
N * (o~ iN * 113,62 kJ/kg
Nhiét thai trong qua trinh ngwng hoi Hg:
9711 = (in-17) =- 214,6 kJ/kg
BOi s0'tuan hoan cua thay ngan:
m(i7 -iii)-i-1(14 -ig) = 0
1795

m = = 8,364
2146

Nhiét lwvong cd'p cho chu trinh ghép:
Qa = MQS 104172 =1427 1(923 945) = 2745 . ktl*g

COng sinh ra cua chu trinh ghép (b6 qua cOng tiéu hao ctua bom cép) :
L = mdon 2160 = 1210 + 950 = 65 kJ~g

Hiéu sudt nhiét cla chu trinh:

w0 2018 - 51.8%
oi 4172
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35 Tua bln boi thily ligaii cdi)g suat Njio = 10 MW lam viéc vOI hoi Hg bao
hOa kh6 & ap suit p!,,g_8a - Saii khi gidii uo doan nhiét trong tua bin
hoi am llg 6 Op sudt p2ig = 0,1 at, hoi nay dogc chuyén vao binh nguwng
hoi Hg 3 va dong thOi lai la binh béc' hoi cla nwéc. Hoi nwéc bdo hOa
khé o binh ngung- binh b6c hoi 3 di vao bd qua nhiét 4, & day hoi duoc
qud nhiét dén nhiét d6 4500 , tiép theo hoi qua nhiét vao tua bin hoi.
Sau khi gién nd doan nhiét tua bin, hoi ¢ ap sudt 0,04 at di vao binh
ng”)g de ngirng tu thanh nuwéc bdo hOa va dwgc bom vé bd trao doi
nhiét.

Xac dinh:
a) Hiéu sudt, cla cliu tinih gh p
b) Hiéu sudt cta chu trinh hoi nwéc lam viéc khi khOng cO chu trinh hoi Hg.

c) Cong suéat cUa tua bin hoi nuwéc va cha toan bd thiét bi. Khi tinh toan
bd qua cOng tiéu hao clia bom cép.

bap an: a) n B H3« = %
b) n 2 = 38,5%
c) N»2. = 10,3 Mw; NHg.H20 = 20,3 Mw
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5.36. Nha may dién chay theo chu trinh hén hop khi hoi voi so dd hoat dong va
cac thong s6 da cho trén H.5.15. Cong suét ctia nha may N = 100 MW.

a) Cong sinh ra cua chu trinh tua bin khi
b) Cbng sinh ra cua chu trinh tua bin hoi

¢) Hiéu suét nhiét cta chu trinh tua bin khi, hiéu sudt nhiét cta chu
trinh tua bin khi hén hop.

Khi tinh toan xem moi chat chu trinh khi nhw khéng khi, nhiét dung
riéng xem la hang s6, bd qua s bién d6i déng nang, xem cac qua trinh
trong chu trinh 1a thudn nghich).



Giai

1) Chu trinh tua bin Kkiii:
Théng s6 tai cac diém dac trung:
i3iém 1: = 100 kPa = 1 bar,

piV = RTi

y

Pi

Piém 2; P2 = 1200 KPa = 12 bar

Pli=P2 2= 1

Diém 3: T3

\4
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Ti =300 "K

N\
Rl _ 287X300 _ G633 /kg

1100

= Vi(0.083).-~* = 0,169vi = 0,145 m"/kg

Piém 4: P4 =100 kPa = 1bar

V4

T4

N

Piém 5; P5=P4 =1 bar,

Cong tiéu hao cia may nén;

l'mn

P~ (12.15»)<0,145 ~
R 287
= 1400 °K , P3 = P2 = 12 bar
N\ N\
RT3 _ 287x1400 _ §aai 3 1 0
P3 12.10
i’k
D _ 0.714
P4 4 = P3\3 4= 3 = 3(12)
vP y
5,895v3 = 1,973 mkg
= 687,8 K
R 287
T5 =480 K
R(M-T2) = 287(300-606) = 307,4 kj/k
g RU-T2)= ( ) J/kg



98

CHUONG

COng sinh ra cua tua bin khi:
k
lric K-1 R(T3-T)= 715,6 kd/kg
Cong cua chu trinh khi thuc hién:

k = TK-1/mn408 = 307,4 715,6 = kJ/Kkg

Nhiét cap vao chu trinh:
iQi = Cp(T-T2)

Ix(1400-606) = 794 kiZkg

Nhiét thai cUa chu trinh:

"2 =cp(T-Ti) = Ix(687,8-300) =387 kJ/Kkg

Hiéu suat nhiét cta chu trinh khi:

Titk = 51,242 = :3§? - %'
tk Qi 794

2) Chu trtnh hai nwéc khai thac phan nhiét lwvang thai clta chu trtnlr

hht phia trwoc:

Tra bang hai nwédc qua nhiét ta tim awogc cac thong so:

13135 =  ku™g; Vg = 0,0348 m~/kg ; Sa = 6,358 kj/kg do
Diém b S = =6,358 kj/kg do

Pb = 8 kPa = 0,08 bar
Tra bang hai hutrc bdo hba dugc:
I"=173,9 kJ/kg; 1’ = 2576 Kkj/kg; r = 2402 kJ/Kkg
$$=0,5927 kag do: s'=8,227kag dd

b s"-s 8,227-5,5927
ib=i1" + rxb= 173,9 + 2402 0,755 = 1987,4 kJZkg
Piém ¢ 11739 =1 = kJZkg
8 =s'" =0,5927 kJ/kg dé

0,755
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Piém d: s =s =0,5927 kJ/kg do

Vi nu6c la chat long khéng chiu nén nén cong tiéu hao cla bom cap
dwoc tinh:

k = (Pcd-Pc) 0001(80-0,08).10"= 79.92 kJ/lig = 7,992 kJ/kg - 8 klJ/kg
Cong sinh ra cla tua bin hoi;

hu = la-ib = 3135-1987 = 1148 kl/kg
Coéng sinh ra cla chu. trinh hoi:
/Ih ~ ITH- . = 1148-8 = 1140 kJ/kg

Nhiét thai cda chu trinh hoi nwéc:
:H = ib-ic = "M - 174 = 173 kl/kg
Chang ta can phai tim ty Ié lvu lwvgng gitta hoi Gh khi Gy trong thiét
bi hoi nhiét, dé giai quyét vdn dé nay can phai viét phwong trinh can bang
nang lvong cho thiét bi trao d6i nhiét nay.
NEu xét tng véi Gi = 1Kkg thi:

© . , ®
- Gk

GKkCpk(~-T) - Gh(a- d) - (a- d)
Gk - a.-ld 3135- 8 2953

= 14,23; = 0,0702
Gh  Cpk(T: -Ts) Ix(687.5-480)  207,5 G

Vi xem khi chay nhu khéng khi nén gan dang xem =1 kJ/kg d6. Trong
chu trinh tua bin khi hoén hop, chu trinh hoi 14 dé tan dung nhiét lvong
thai cha chu trinh khi, (lo d6 c6ng sinh ra cta chu trinh hén hop duoc tinh:

i \
Nhh = G\ 408,28+ ~1140 = Gk (408,28 + 0,0702x1140) = 488 Gfc
Gk

Coéng suat cia thié't bi la:
Nhh = 100 MW = 100.10100.103 3 kJZs = 10 kW
Do do twr day tinh dwgc lwu lwgng khi Gk trong chu trinh khi:

0
Gk T488 204,9 kgZs; Gh= 0,07x204,9 = 14,35 kg/s = 51,7 T/h



100 CHUONG 6

Coéng sinh ra cua phan tua bin hoi:
Nth = 14,35x 1140 =16359 kW

Coéng sinh ra cua tua bin khi:
Ntk =204,9x408 = 83599 kW

Nhiét cdp cho chu trinh hén hop:
Qihh = GkXqi = 204,9x794 = 159594 kW

Hiéu sudt nhiét cha chu trinh hon hop:

e T

5.37. Chu trinh tuabin khi 'p nhiét dang ap ly twdng (air Standard
Brayton cycle) hoat dong voi cac théng ss. sau:

Khoéng khi hat vao may nén Pi =0,IMPa, =300 K ;ap sua ra khdi
may nén P2 =0,6MPa, nhiét dd cuc dai cua chu trinh =1200.K .

a) Xac dinh théng sé6 p, V, T tai cac diém dac trwng va tinh hiéu suat
nhiét cda chu trinh.

b) Néu dong co tuabin khi hoat ddng theo chu trinh thwc (actual
Brayton cycle) voi cac théng sd' Pn x, Pnn, van nhuv cau a nhung hiéu

sudt cda tuabin Mr=0,85, hiéu suat cta may nén T.=0,8, giang ap gilra
may nén va tuabin la 15kPa, ap sua't thai cla tuabin cao hon ap sudt mdi
trwong la I10kPa. NEu tuabin c6 cong sud't quay may phat dién
Ny =100MW, dau doé't c6 nhiét tri la 10.000kcal/kg thi hiéu suat nhiét cla
thiét bi la bao nhiéu, céng sudt cha may nén (cong suét ty dung) la bao

nhiéu. Xac dinh lvgng nhién liéu (dau) can cung cap cho t0 may tua bin khi
G [ta'n/h]. Chat mbdi gi¢i xem nhu khéng khi v=29; k = 1,4, nhiét dung

riéng xem la hang so'.
bap so"-
a) T. =500,5 K; T. =719,2 K; Ji =40.3%
b)I\=21% ; G =40,9T/h
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Luvu DONG VA TIET LU J

6.1 Luu DONG

6.1.1. Khai niém

Lvu dong 1a su chuyén déng cua dong moi chat, & day ta chii yéu
nghién ctu sy chuyén dong cta dong khi hodc hoi. Ching ta chi nghién ctu
dong lvu dong doan nhiét (khong trao dbi nhiét véi moi trvong) clia moi
chat khi khdng thec hién cong voi moi truong.

- Téc dd6 am thanh ky hiéu a. la tdc d6 cria sv lan truyén cac chan dong
trong moi truong.

- SO Mach ky hiéu M, la ty sd' gitta tdc d6 cla dong khi (hodc hoi) va
toc do am thanh trong dong khi do:

M = cola

- Ong tidng td'c 1a 6ng ma khi dong méi chat lvu dong qua toc do sé
tdng Ién va ap sua giam xubng. C6 ba loai 6hg tang tdc : 6hg tang t6c nho
dan (co tiét dién nhd dan), éhg tang toc I6n dan (co ti€t dién I6n dan) va
6ng tang to'c hon hop hay Lavan (gobm phan dau la 6"ng nho dan, phan sau
la 6hg 16n dan).

- Ong tang ap la 6ng ma khi (Iong moi chat lvu dong qua téc do giam
va ap sua't tdng, 6ng tang ap ciling c6 ba loai gidhg nhuv 6ng tang toc.

- Goi P=p;/pi la ty s6 ap sud't gilta 4p sud't tai clra ra cta 6ng P: va
ap suat tai clra vao Pi. Dong khi chuyén doéng trong Ong, taimot noinao
d6 cua 6hg ma to'c do clLia dong khi bang td'c dd am thanh 0)= a, licnay
dong khi dat téi trang thai téi han. Cac théng s6' cia dong khi dat tdi
trang thai téi han. Cac thdng sb' cua dong khi tai trang thai té¢i han goi la
thdng s6' téi han vi du td'c dé téi han <o, 4p sud't t¢i han rj., ty s6 dapsua't
t¢i han Pk “ PK”Pi. AN N nguyén tl, gid tri ty sO' dpsudt tdihan
Pk = 0,528, véi hoi nwéc qua nhiét Pk = 0,55.
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6.1.2. Xac 160 va 10 I]idng
l.tc 1 - £ ~ 1M 1€
Y6l xem 11 thuong 10
2 = ZE( (- -, 3 (6.1)
a : !/ - hang 80 chat 1 ()- déng vao 6ng
21 -8 0 ( =14 ngyén ! nhv ©2,N2 . khong >
B=.2 - 8 8
0 1 ( thuong 1160 cong
(0a == , 8 (6.2
day: - entanpi cla vao 6ng (xac (| 11 bangva 0 (16 1)
entanp - 2 ¢ a ho sau 10 doéng d an nhiét qua &'ng"
2- 0€ 1& hg.n
0 ltv ng”
% - °RTI[lp{ 18 (03)
Bk =Pk/PlI - 8 4 8 11 han.
0:
=- 8 (0.4)
ik (J/kg) - entanpi tha 16[ (L &p s 00 111 (&t Pk =PIpk
dwgc xac dinh 1 db 1 - 8 0 bang 0 1 0 biét Pk va 8 =8{.
3- 1
lvgng xac dinh phvollg 11 Ilién 10 =1 = 0 8.
N ta 1 phuongl likn 1 1 1 dién ra c a 6ng tang 100:
= 2 2, (0.5)
day: 2(~2)-! diénractaongl m/s)™Mocdd’2 V2(nl2/kg)-thétichriéllg
Trong 1 0161 00 21 vangwoc 0O 1 . Thong 8 2
duoc dinh1 dé1 | -8 0 phd 0 gidi bai loan 0 doaa nhiél
1-2 biél Pl, P2va 8 = 2
4-
Tai lrang thad 101 , 1 lwollg cda 00~ mbi chéal dal gia 1 1én

Gmax 1
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10 1 0 .dan1 100 1 nl at 10
0 , “, 3 (6.6)
1 tang 16 hgp 0() )):
0 3\ = o, . (6-7)
0 cac ): [2( 2)- 1 (8 cua 1
( 2) - 1) hep nhét cda ) hérl (%( 8) - 0
1 (3™ ) ()3 ) ( ). The 10 -
( Xxac o ( ( ) (6 lag3-1a0 1° cavas8 = 8)
ho VI ¢ Cgiai qua trinh (O 1 Kk - 11
6.1.3.0 160
Ong -1 nh6 €0 (6
? 60 ra cila 6ng tang 00 ) ( -
10)16 ) 10 baag O | P
thaah (A[ = 1) 11 1 1 toan phai
sal~h 30 3 4ap sat =? a 1?/2 Hinh 6.1
Néu (> @ thi o <o<:0 <0 \
va 0) tiah 00 (6.1)7~0 (6.2) liah 1) 0 (6.5).
- Né B8 ( 02 = ) (2 o0 v 0. 1 1 hoac (6.3) o

(6.4), 0 , tinh ~ 00 (6.6)
Ong tdng 2 h6n hcfp 0€
Muc dich 0 6l°g t.dag O

hén hop la ahdlQ 00 ra 30 0]
00 (5 @ 5 10) 0

thanh (M > 1) 10  khl
vao nh 15) 00 hon 15( (5

am thanh (M < 1) 1

ké ¢ ng nhu hallh pha hk dig [<( (  khi do tiet
dién 15dd b 0 ng 150 do 15 hall ©{, ! dlénra 2 (1L .6.2)15d6 0 2
1 ddé am thanh 150. © 1 1 theo (6.3) hoac (6.2) 10 Iwvong luén 1 57

ba.ag 1 lvgng I&6n nhat : va tinh hodc (6.7) 00 (6.5).
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6.2 QUA TRINH TIET Luwu

Tiét lvu la qua trinh giam ap sudt cia dong modi chaT chuyén dong

trong 6ng khi gap tré ngai dot ngdt do dat cac van ta c6 P2 <Pi
Pi ap sudt cla dong moi chat trwéc khi tiét luu
P2 - &p sult clia dong moi chat sau khi tiét luu.

Tinh chédt cla dong mdi chat tiét luu doan nhiét (khong trao doi
nhiét véi bén ngoai) 1a entanpi trwéc khi ti€t lvu ii bang entanpi sau khi
tiét lwu 02:ii =12

- Nghién ctu sy thav d6i nhiét do cla khi thyc nguoi ta rat ra nhing
két qua sau: (ng v&i moi gia tri clia ap suat mot mdi chd co hai gia tri
nhiét dd chuyén bién la nhiét do chuyén bién cla pha hoi T! va pha long
Tcb(T( B>T('t,). Néu chat khi (hoac hoi) & diéu kién Pi, T/ va Ty nhd hon
nhiét do chuyén bién cia pha hoi (Ti<Tib) thi khi tiét lvu nhiét do cla
moi chat sé gidm (T9 <T|). Nguoc lai v6i chat long & Pi, T/ > &L thi sau
tiét lvu nhiét dd cta chat léng cling giam.

Tiét lvu cha chat léng & nhiét do bao hoa (nhiét dd s6i): Khi tiét luu
do ap sudt gidm nén kéo theo suv giam manh cla nhiét do so6i, vi du chat
I6ng nHs & &p sud Pi =5 at, nhiét do sbi twong tng t i =3,6 ¢, nhung

sau khi tiét lvu ap suat P2 = lat thi nhiét d6 so6i twong ¢ng tg2 = 34 c.

Hién twong nay dwoc rng dung trong cac may lanh théng thuong.

BAl TAP

6.1. Khi oxy co ap suat p* = 60 at,.nhiét dé6 ty= 100 ¢ luu déng qua Ong
tang toc nho dan vao mdi truong c6 Po = 36 at. Xac dinh toc dd cua
dong khi tai clta ra ctia 6'ng va luvu lwgng néu biét tiét dién khi ra cla
6ng 12=20.

Giai
Oxy la khi hai nguyén t&*r nén Pk =0,528.

0 day p = /I;i = 50 =0,6 I6n hon B., vay téc dé cua dong khi @ <

@ va lwu lvgng G < Gn
Toc do cua dong khi theo (6.1):
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/36 \0.2857
| 2k _ k-I/k 2x1,4 8314 _
= RTicl -1s = 100 +273 = 304m/s
2= (o RTT= ) g ) 60
Luwu lvgng cua dong khi tinh th(eo (6.5):
2
Vi 1-2 la qué trinh doan nhiét nén:
~A=:(P2 I/k Yl/IK ~..gl/1.4 ~0.094
2 Pl
2 = 1/0,694
RTi - 8314x373 £ 0,165 m3/kg
Pi - 32x60x09Sx105
0.0165
0 = =0,02373 " [Ti
Yo" 0,694 m

Vay luu lvong cUa dOng khi:

é0_ 0}(}%()).(304 no:A kg{/s

2378

6.2. Khdéng khi tir binh chtia c0 4p swat Pi = 100 bar, nhiét do ti = 15.C

chady ra ngoai trdi qua 6ng tang toc nhd dan cd dwong kinh trong cira ra
la ds = 10 nim. X&c dinh toc do cua dOng khi tai ctra ra cta éng va luu

lvgng khOng khi néu &p suét ngoai trOi Ih 1 bar.
Giai
Khoéng khi dwoc xem la khi hai nguyén tlr ¢ k = 1,4 va Pk=0,528.
o day: p=& = _M<Pk,vaytocdd a@ =0) vaG= G,
pj 100
Toc d0 Ok dugc xac dinh theo (6.3):
K-1/k k-1,1,4-1_0,4
) = K 14 14
Ti=15+273=288 K; R = 287

. RTid-p = 0,2857

- 17 Jiix287x288(1- 0,528, 267) mls 310

Luu lwgng I6n nhat xac dinh theo (6.6)

n = -l

max
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6.3.

6.4.

6.5.

6.6.

Giai

CHUONG 6
N
- ~ RT. ;287 A§§ 0:00827 = °
Pi_ 100.10
i = pit =0,52" = 0,634
K
I = T .0.01
~ K=o 9gedy ' 0013 M
i 2 ol.., 12«
D= = = 0.0000785
2 4
— A
Sy Gra, = 2000078X310 ) 495 kais

Kh hai nguyén tlr c6 R = 294,3 J/kg K trudéc khi vao 6ng phun nhé dan
(tang tdc nhé dan) c6 Pi = 63,7 bar, Ty = 300 K, chdy vao mdi trvong

c6 p2= 35,4 bar. Xac dinh toc do va luu lwgng néu biét duong kinh trong
cla 6hg & crara d2 =5 mm.
Pap s0.. @ = 310 m/s; G - 0,257 kg/s

Khong khi dwgc nén t¢i ri- 50 bar, ty= 27 ¢ dugc phun vao trong xf

lanh dong co dét trong diezel qua voi phun. Ap sudt bén trong xi lanh
P2 = 35 bar.

Xac dinh t6'c d6 ciia khong khi tai ctra ra clta voi phun.
Pap s6.: (02 = 241 m/s

Khdéng khi c6 ap suat Px = 1bar, " =15 ¢ tir binh A chdy vao binh B
co ap suat P2 qua voi phun.
Xéc dinh tri sO ap suat P2 dé toc do khong khi & clra ra voi phun bang
toc do am thanh va gia tri tdc dd nay la bao nhiéu.

bap s6: P2 = Pk” 0,528 bar; @ = (@10 = m/s
Hoi nuéc c6 ap suat §i = 18 bar, ty =400 ¢ chdy qua 6hg t*ng té'c nho
dan vao moi truong ¢6 p2 =1 bar.

Xac dinh to'c do tai ctra rr. ctia 6'ng va luu lwgng hoi néu biét duong kinh
tron, cii? 6n. do =20 mm.

T bang nwéc va hoi nwdc bdo hoa vé. P; = 18 bar ta c6 tg =207 ¢ a

day tj 400 ¢ > tg, vay hoi ban dau ia hoi qua nhiét. Voi hoi qua nhiét
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~1 = 0,55, day P - < 1 o (16 6 1 C\I'F -
0 =0
0 bdng s 1 \:
Dung @- 8 ( 6 giai rat )
gian. 1 la giao caf(/
?1 = 18 bar va dLiofng . 0 - 400

\ § 10 ~

a hoi bang 111160 chwa 801 6
nhlét 6 Pl - 15 bai, : : 400 1

1= kJ/kg 3249; 8 = kJ/kg 7175 K

Bay ta phal .o \o xm ta]]g:~ss + K 10

bé.ng 6 6 1 1 bdo o . P s 61 =
5 = 6,587 < 8 = 8 hol 16 1a hol 11611 ”hlét 11
1 1 11 1 11 Pk ] = 10 561. 161 0() 00 8 = 7,116 1
1= 300 ,gan 6 oo 11 XelIN Ko 61 51 . Boo:
=3107 / (8 027 3/
wk= -] = 20'249- 3107).1()3 = 533
o. - < 1 ! - 0.62
4x0,27
6.7. 14 é.p 00 o s S . = 300 " Chéy
dan vao m 3 hop s
Py (1 =6
P2 2 =2

Xac dinh dé | OAJdd.. va 10 %(lng 0 3 1"

0)

107
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tiét dién ra ctia 6ng 30 = 2 cm2.

Péap s6: 1) 02 =502 m/s: G = 3,85 kg/s
2) (1: 543 in/s; Guax = 3,88 kg/s

6.8. Khong khi c6 ap sudt ri= 10 at, t] = 300 ¢ chdy vao moi truong cod
P2 =1 at qua 6ng tang tdc Lavan, luvu lwong ctia dOng khi bang 4 kg/s.

Xac dinh toc d0 ok, 2 , tiét dién fmw= .  va chiéu dai phan 6ng I6n
dan néu chon géc hinh nOn cUa phan Ién dan a = IQ0 (H.6.4).

Giai
Ty sO &p suat p = aP ; EO : 0,1 < Pk =0,528, vay 6ng lam viéc dUng
|
dieu kién va tai frm t6c do bang tdc do t6i han ok, tai 2 téc do 02 - 0)k,
lvu lwvgng G = Gniax. Toc do t¢i han Oktinh theo (6.3).
2k o k-ilk _ 2x1,4
Ok = k-1 I"ti_(ll-’ﬁl. ) =

T6c d6 tinh theo (0.1):

x287x573[1-0 528 -2857! 438 &

PR k-liky .!12’;1’i"x287x57311-o,528.-2857'! = 745 m/s

Liu luwgng:

Tw qué trinh doan nhiét 1- K:
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R'I_‘L_A 287x573 =m /kg 6,168
Pi  10x0.98.105

Vv ? -’ rZE Q

2= iIPk=~447 = '8Vm3.kg

VAy ta cb: - 0265 _ 60040
438

m2 0,00467= - =2
2 745

fmn . 4x0,00242

a =0,0555 m = 5,55 cm
I n V 314
) = 1425 YXO0046T 6 o0y o Z 771 em
V: v 3,14
Ion dan /:
1= 1o _ 7,71-5,55 _ 12,34 cm
10
) 2tg

6.9. Hoi nuwéc qua nhiét co ap suat pi = 18 bar, ti = 400 ¢ gidn n& doan
nhiét trong &'ng tang toc Lavan dén P2 = 1 bar. Biét luu lvong qua 6ng

1a 4,5 kg/s. Xac dinh T.E 2
Gidi, ¥ day p =a = < Pk =0,55 vay tal
Pi 18

T6c d0 la toc do to han 0) . tai 2 td'c d0 0)2 > (&

Toc dd tdi han: O =-

Trang thai diém K (ng voi 4p suat Pk = Pk.Pi=0,55x 18 = 10 bar la
hoi qua nhiét (xem bai 0.0), tw day tim duoc:

k = 3107 kJdtg., vk =0,27 in"kg

Tir bang nuwdc chua sdi va hoi qua nhiét vdi Pi = 18 bar, ti = 400 ¢

tim dwoc 3240 =1 kJ/kg, do dO.
ak =- = - = 533 s
& day néu coi hoi qua nhiét nhu khi ly twéng hai nguyén tir véi k = 1,3, R =

8?1’;4 = 462 J/kg K ! Pk=0,55, ta o6 thé dUng (6.3) tinh gan dUng t6c do (Ck.
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wp = 2k KTI[1-Bk-T4] = - = & nns
K= [1-Pk-t4] '1,3-1

TIe't dién  nhdt nin: nin= (1\‘(« = ’5§<3%>’21 =0,00228 w2

Trang thai diém ha la h i bad. hoa am:

1 = 8 =82+X2(S"2-S'2) X2 =(T.

T bang nuwéc chuwa sdi va hoi qua nhiét theo Pi = 18 bar va
ty =400 c tim duwoc:
Si=7175kJ/kg K
TU bang nuwéc va hoi bdo hba voi p2 = l.bar tim duoc:
v'2 = 1,694 m~rg, "2 =417,4 kiZkg, I = 2258 kJIZkg
1,3026 kJZkg.K, S: =7,36kJ/kg Kn

o - 7.175-1,3026  _ 0.97

7,36-1,3026
v = 2t 4+X(v2-v2) XV 2=0,97x1,694 =1,643 m~/kg
i2 + X 2 : 417,4 +0,97x2258 = 2608 kj*g =:

S 2

02 = - = 2(3249 - 2608) . 10 = m/s 1132

f. - 0 .0,00653 m.
2 1132

6.10. Tim t6c d6 lwu dbng tai clra ra cia 6ng phun Lavan va kich thwéc dac
trung néu biét 1 lugng cha dbng khong khi trong 6ng la 2,9 kg/s, ap

sudt va nhiét dd khi & cra vao Pi = s at, t] = 127.c. Ap sudt mdi
truong P2 = 1 at, gOc hinh nén cla éng a = 12.

PDap s6: dmn =48 mm; s2 =63 mm

; =70 mm: o)2 = 600 m/s

6.11. Hoi nudc c6 Pi= 20 bar, t\ = 400 ¢ gidn n& doan nhiét trong 6'ng tdng
toc Lavan dén ap suat P2= 2 bar.
Xac dinh téc d6 ok o , , ti€t dién fniin, 2 cla 6ng né'u biét 1+  lugng

dOng chdy trong 6ng G = 4 kg/s
Péap s6' nin= 16 cm232 = : cm2

0580 = mils; @ = 1050 mis
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6.12. Hoi nwéc co Pi =50 bar, g =400 c
chdy qua 6ng tang t6c hon hop vao
moi trvong c6 P2= 1 bar. Biét luu
lwugng cta dbng chay trong 6ng la
G = 3kg/s Xac dinh toc do thuc té
tai cra ra 2 , tiét dién thuc f2tVa
dé khd Xtnéu biét dOng chdy cdé ma
sdt vdi hé s6 tdc do (0 =0,95.

G ai
Hé s6 téc dd dugc dinh nghia: Hinh 6.5

e= 22 et =(p(u2
& day: 2 ' toc do ly thuyét khi bd qua ma sat hoac khi 9 =1)
0Rt téc do thwc té€ khi dOng chdy qua 6ng cd ma sat.
W 2 = -
Tw do thi i - s (hodc st dung bang hoi nwéc) ta tim duoc:
3200 = kJ/kg; 2420 =2 kJ"g
02 =2(3200 - 2420) . 101249 = m/s
(@t = 02 =0,95x 1249 = 1187 m/s
Tim trang thai diém 2t:
g = et
2 (1- 2 77 2 /h
ht h”O 952.92(3200 2420) kJ/kg 704
ri2t=704 kJ/kg = ht
12t = 1 - kJ/kg 249.6 =3200-704 =704
2t = 2496 kJ/kg va P2 = 1 bar, ta xac dinh dugc T do thi i - s Voi
diém 2t c6 Xt. =0,92 Wt =1,6 m3/kg.

Tai clra ra cla 6ng tang tc ta c6: G = 2 2
2
, GV, 3x16 A9
: = " =0,004 m
Do do: ; 1187
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6.13. Chat ldng NH3 tir binh ngwng tu cla may lanh cé ap sudt Pi = 16 at
chdy qua van tiét lvu ap sudt gidm xiibng con P2 = p2 =1 dinh
nhiét do va dé khé clia NH3 sau khi tiot luu.

Giai
Tw dd thi Igp - i cia NH3
Ta cé:

Piém 1 dwoc xac dinh bdi giao diém cla duong Pi = 16 at va duong
gidi han duwoi Xy =0.

Piém 2 duwoc xac dinh bai dwong P2= 1 at va dwong 12 = iy (dwong ké
thdng ding).

Tl d6 thi nay dwong Xy = const nao di qua diém 2 ta sé doc dugc gia
tri X, dong thoi tai giao diém cla duwong X = 1 va dwong P2= 1 at sé tim
dwoc nhiét dd t2\

Néu dung bang thdong so. nhiét dong cta hoi NH3 (twong tw cach dung
bang hoi nuéc), tr bang NH3 & trang thai bao hoa (theo 4p suat) véi:

Pi =16 at taco = ij = 146 kcal/kg

P2 = 1at i? = kcal/kg; 19 = 327,87 kcal/kg
Do do: T2 =12+X(I"2-2 2)= 2+ X" ~
(Vi qua tiét luu 1 = 12)

146-63,1

X2 = gygg7 01293

6.14. Chat lIéng Fréon 22 tir binh ngwng tu c6 nhiét dd ty = 20 c, sau khi
qua van tiét lvu la hoi &m c¢6 t2 =5 ¢ .
Xac dinh entanpi 12, dd khd X cida Fréon sau tiét luu.
bap 3% 524,05 = 21 = kJ/kg
Xg = 0,144
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KHONG KHI AM

7.1. KHONG KHi AM

7.1.1. Tinh chat cta khong khi am

- Khong khi &m 1a hon hop ciia kndong khi khé va hoi nedc. Vi phan ap
suat cla hoi nuéc trong khong khi am nhd nén hoi nwéc & day co thé xem
nhuv la khi ly tuédng.

- Ap suat clia khong khi &m p (14 ap suat khi troi) bang téng phan ap
suat cla khong khi khé Pi va hoi nuoc P

p = Pk+Ph
Nhiét do cla khdong khi dm bang nhiét do cta khéng khi kho tj ,
bang nhiét do cta hoi nuoc tj .
t = t/=ti
Thé tich ctia khdng khi &m V bang thé tich clia khong khi kho va cua
hoi nuéc:
v= Vh=Vk

- Khéi lwong ctia khdng khi ani G bang téng khéi lwong cia khong khi

khé G| va hoi nuwéc G
G=CGk + G,

Tuy nhién vi lvgng hoi nuéc trong khong khi am thwong la rdt nhd
nén co thé xem khoi luvgng khong khi &m bang khoi lvong cta khong khi
kho;

G = Gk

& day ta co thé dung phuong trinh trang thai clGa khi ly twéng cho

khong khi am:
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Cho khong khi khé; Plv - G|RIT
R| = J/kg db 287
Cho hoi nuwéc: pv =GiRI T

R = .?2Efl =462 J/kg do
18

7.1.2. Céac loai khong khi am

- Khong khi am chwa bdo hoa la khéng khi am trong dé con co thé
nhan thém mot lvong hoi nwéc nhat dinh nira tr cac vat khac bay hoi vao.
Hoi nwéc & trong khong khi am la hoi quéa nhiét.

- Khong khi @m bédo hoa la khéng khi dam trong d6 khong thé nhan
thém mot lvong hoi nuwéc nao nira tir cac vat khac bay hoi vao. Hoi nuwoc &
day la hoi bdo hoa khé.

- Khong khi @m qué bdo hoa la khong khi d&m bdo hoa va con chira
thém mot lugng nwdéc nhat dinh vi du swuong mu la khéng khi qua bdo hoa.
7.1.3. Céc thong s6 ctia khong khi am

1. D6 am tuyét doi pfi

La khoi lwgng cta hoi nuéc, trong 1 m™ khong khi am.

Ph= ~ kgl (7.1)

2- D6 am twctng doi O
La ty sO gitta d0 am tuyét doi cia khong khi &m chua bdo hoa P, va
clia khong khi @m bdo hoa pu ax & cung nhiét do.
D Ph Ph (7.2)

Phmax ~ Phmax
& day: Pj >phan ap sudt cla hoi nuéc trong khéng khi am chua bdo hoa
Phmex " phan ap sudt cta hoi nuwéc trong khong khi am béo hoa.

Gia tri Phmex bang nuwéc va hoi nwéc bdo hoa (theo nhiét dd) voi
nhiét dé tj =t.

3. D6 chtra hctid (dung am)

Do chtra hoi d la lvgng hoi nuwéc chira trong khong khi am (rng véi 1 kg
khéng khi khé.

d

= 0,622 , kg/kg khdng khi kho (7.3)
k P-Ph
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Do chira hoi trorg khong khi am bdo b.oa goi la d6 chira hoi Ién nhat
Mx (lhl p — )

=062 Hr kg/Tegkk (7.4)
p Fnax
4- Entanpi cta khong khi am 1
Entanpi cla khong khi am: la tdng entanpi cla 1 kg khong khi kho va
d kg hoi nuoc.
T=t+d (2500 + 1,93 t), kJ/kg kk (7.5)
& day: t ( ¢ ) - nhiet do cta khdng khi am.
5- Nhiét do0 hdao hoa doan nhiét
Khi khong Khi ti€p xtc v6i nuéc, néu sw bay hoi cua nwéc vao khdng
khi chi do nhiét clia khong khi truyén cho thi nhiét do khong khi am béo
hoa goi & nhiét do bdo hoa doan nhiét T (nhiét do | 14y gan dang bang
nhiét dd nhiét ké uét X~ t.").
0. Nhiét do dong suwong tg
Nhiét d6 dang swong tg la nhiét do tai dé khong khi am chwa bdo hoa
tr¢ thanh khong khi am bdo hoa trong diéu kién phan ap suét cla hoi nudc
khong doi
Pj = const, khi biét Ph ta tim dugc nhiét do dong swong tg (tir bang nuoc
va hoi nwéc bdo hoa).
7.1.4. D06 thi khéng khi am (psychrometric chart)
Do thi khong khi am thwong st dung nhét ¢é hai loai:
Do thi | - d (d6 thi Mollier)
Do thi t - d (do thi Carrier)
1- Do thil - d
Cac dwong biéu dién trén do thi:
Puong d = const la duong thang ding, don vi 1a g/kgkk.
Puong | = const la duong nghiéng goc 135., don vi la kj/kgkk hoac
kcal/kgkk.
Puong t = const 1a dudng thang hoi chéch 1&n phia trén, don vi c.
buong e = const la dwong cong di Ién khi gap dwong nhiét do
t =100 ¢ sé& la dwong thang ding.
Puong Ph = const la duong phan ap sud"t ctia hoi nuwéc trong khong khi
am, don vi mm Hg.
Céach str dung do thi I - d:
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Vi du khong khi am & trang thai A c6 d6 am (p*va nhiét do t~, cén
xac dinh cac thong sd" con lai ctia khéng khi am & trang thai nay.

Trén d6 thi |1 - d diém A duoc xac dinh bdi giao diém cua 2 duong
(0 = const va t = const.. Cach xa&c dinh cac thdng s0' khac duwgc thé hién

trén H.7.1.

220 240 260 280 300 320 340 360

Hinh 7.1. B6 thil - d

2-bo thit-d

Cau truc cua do thit d cling gan twong tv do thi | - d, cac duong dac
treng dugc thé hién trén do thi dudi day. Do thi t - d rat thuong duoc sk
dung trong tinh todn diéu hoa nhiét do va diéu tiét khong khi. Cach si
dung giéhg nhw do thi I - d.
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o

°o Pu(j 9O O

Ai/in 72 DO tiii t - d
7.2 QUA TRINH sAy

Say la qua triiih 18y bot nudc trong vat can sdy bang céach lam bay hoi
nwoc (vi du sdy nong sdn. sdy thuc phain .. nham dé bao quan duoc lau
dai). Da s6 cac trwong hop nguoi ta duUng khong khi @m chua bdo hOa lam
chat trung gian (cOn goi la tdc nhan sdy) dé tdi 4&m (nuwdc) thoat, ra ngoai
san pham sdy. Dé lam tac nhan sdy tot (tdi am tot) khOng khi can O do
am nho. mud'n vay ta cO phrong phap sau:

7.2.1. Phuong phap th& nhat

Dau tiéiT khOng khi ngoai troi duwoc dot nOng trong thiét bi gia nhiét
(thwong goi la calorifer), trong qua trinh nay d = const va nhiét do t tang
lén, d6 @m ¢ gidm xuOng. Sau do khOng khi nOng duwoc thoi qua vat say
(trong buOng sdy), vat sdy boC am vao khOng khi di qua va kho dan.
Phuong phap nay thuong duoc goi la sdy nOng.

So do nguyén ly cUa hé thong sd'y nhu sau:

Qua trinh sdy goém hai giai doan:

1 - 2 la giai doan dot nOng khOng khi trong calorifer, trong giai doan
noy do chira hoi khOng khi khOng thay déi di = dg, nhiét do tir ti tang
Ién [0, d6 am twong ddi giam tv & dén b .



118 CHUONG 7

Hoi nuGe Khéng kh ra
A
Khoéng khl 21 (2
vad
B

A Quat B Caloriier  c¢. Budng say

2 - 3 la giai doan say trong budng say. khong khi sau khi doét nong
dwoc dua vao budng say, trong bubng sdy khéng khi nong truyén nhiét cho
vat sdy lam nudc trong vat say bay hoi vao khong khi. Néu bd qua cac ton
that nhiét (sdy ly thuyét), nhiét dd6 khéng khi giam dan tr 12 xubng t3, do
am khong khi tang dan tvr ® ~ 93 trong qua trinh nay xem 12 = 13.

¢ day can xac dinh lwu lwong khéng khi (dm) G (kg/h) cung cép cho
budng sy dé chon hodc thiét ké quat, ngoai ra can xac dinh lvong nhiét
can cung cap trong 1 gid Q (kJ/h) dé thiét ké caloriier.

1- Xac dinh luvu lvong khong khi G (Iwu lwvong quat)

NEu san pham say ban dau cé khéi lvong G1 (kg), sau khi sdy con lai
G. (kg) thi lwvong nwéc bay hoi trong 1 gio (thoi gian say la x(h)):

G, - ¢ kg

Luong khéng khi can thié.t do quat thoi vao budng say:

G
Ad Ad  dg-di
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Méu khong khi &nhiét d6 ban dau t c6 khoi luong riéng Pj, thi luu
kting thé tich khong khi can thiét (hay nang sudt quat) V Ig;

V=— mhh (7.7)
Pi
2. Xao dinh lvong nhiét can thiét Q
_ ki kd/h 7.8
= "Ad W dg-d (7.8)
& day: li, 12 “entanpi cta khong khi 6 trang thai vao va ra khoi calorifer,

duwgc xac dinh theo cong thirc (7.5) hodc theo do thi I - d.
Néu calorifer duoc gia nhiét bang hoi nwdc cung cép tir 10 hoi, thi lwong
hoi 10 can cung cap cho calorifer sé la:
G = Ar kg/h (?:9)

& day: r - an nhiét hoéa hoi & 4p suat p tai caloriier.
7.2.2. Phuong phéap th hai (dung bom nhiét)

Nguyén ly hoat dong ctia bom nhiét xem & chuong chu trinh thiét bi
lanh.

So do nguyén ly hoat dong cula thiét bi say loai nay c6 dang sau:

Hinh 7.4. So d0 nguyén ly thiét bi sdy st dung nhiét
Khong khi ngoai troi duoc quat day qua binh ngung tu cla bom nhiét
(thuong la dang 6ng cd canh) BN nhan nhiét lvong Q va khong khi nong Ién tir
ti dén to sau do duoc dua vao budng sdy. Ching ta thdy phwong phap sdy 6 day
hoan toan giong nhw phwong phap thir Ikiat chi khac la Ikiiét lwong dung dé gia
nhiét kliong khi la do dan ngung tu ctia bom nhiét cung cap.
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Q=W.N=G. =0(19-13), ~ (7.9)

¥ day: W - hé s8'bom nhiét =
0 day ¥ . et w \L\

N  cOng sud't may nén cla bom nhiét, kw

G - lwu lvgng lanh chéat trong bom nhiét, kg/s

I2 entanpi cla hoi lanh chad"t trwvoc khi vao binh ngung, kJ/kg

I3 - entanpi cua ldnh cha"t sau khi ngung, kJ/kg.

ZI1=1-11; Q i3 = 2¢
7.2.3. Phuong phap tht ba (sdy diu)
& day st dung may hat am, vi tan dung ngudn lanh ngung tu bét hoi

nuwéc trong dong khong khi (dan lanh) sau dé khong khi dwgc sdy nong nho
nho dan ngung tu va dua vao budng say.

So d6 nguyén ly hoat déng cla thiét bi nhu sau:
vat say

Nuwédc ngung
MN

Hinh 7,5, So d6 nguyén ly thiét hi sdy diu
a) So do6 nguyén ly;  b) Cac qua trinh trén do thi | - d
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Twong tu nhu cac trwong hop treoc ta ¢
- Luong khong khi can thiét do jat cung cép trong 1 gio:

G Ad Zg-d" kgTkia (7.10)
. G —G 3 - - ~ -
Gji: [ c,kgih - lugng nuéc can bay hoi khoi vat sdy trong 1 gio.
Luu lwgng khOng khi can & nhiét @6 t :
V = G/P2
(p2 - khdi lugng riéng khéng khi & t")
- Luvong nhi t khOng khi nhan 6 binh ngung tu:

Q=N ¢, kI (7.11)

3 -

- Néu xein qua trinh sdy la 1 = const, thl nhiét lvgng can cUa dan lanh
oo d€ lam lanh khOng khi va rUt am sé la:

= (38-1)

7.3 QUA TRINH DIEU TIEt KHONG KHi

7.3.1. Khai n ém

1- Binh nghTa

Diéu tiét khOng khi la qua trinh tao ra va duy tri khong khi cho phu
hop diéu kién tién nghi cla con ngudi, phu hop voi mot cong nghé san xuat
ché bién nao do. 0 day chUng ta can phai kho'ng ché: nhiét do, do am, su
lvu thOng va tuan hoan khOng khi, khit bui va cac khi doc hai O trong
khOng khi. ChUng ta thuong dung cac khai niém sau:

- ThOng gio la qué trinh dwa khdng khi tir ngoai troi (khéng O xt ly
& nhiét d6 va do am) vao trong nha (hoac phan xuwong) dé thai nhiét, thai
am va cac chat doc hai ctia khong khi trong nha.

Diéu tiét khong khi thwong dUng cho modt cong nghé san xudt nao do
trong cong nghiép.

Diéu hoa khOng khi la qua trinh x& ly khéng khi cho doi s6ng tién
nghi cla con nguoi. Néu nOi theo nghia rong thi hé thé'ng phai x ly: nhiét
do, do am, téc do luan chuyén cUa khOng khi, loc bui, thai khi ban va cung
cap khi tuoi dé. dam bdo vé sinh va thodi mai clia con nguoi.
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2- rng dung trong céng nghiép va doi séng con nguoi

t’ng dung trong cdng nghiép: diéu tiét khéng khi can cho nhiéu
nganh kinh té nhu: cdng nghiép dét, thubc 14, che, gidy, xuwdng in, k§ thuat
thong tin v tuyén dién tlr, may tinh, quang hoc, sinh hoc .. PO am va
nhiét dd khong khi la hai théng s6 quan trong trong cac xudng san Xuat.
Trong cac xi nghiép hda chat thi viéc khir nhiét va chat déc hai déng vai
tro quan trong, con dbi v6i cac nganh quang hoc, dién tr, may tinh, phim
anh, co khi chinh xac ngoai viéc phai xt ly khéng khi vé nhiét do6 va do am
con can xt ly vé bui trong khéng khi.

- *rng dung cho d&i sbng con nguoi: con nguoi lubn thai nhiét q
(Kcal/h) va thdi &m w (g/h) vao khong khi xung quanh. Bang 7.1 cho tri 8"
cla g va w trung binh ctia mot nguoi trong trang thai khac nhau & nhiét dé
trong phongt =20 35 ¢ . Qua nghién ctu nguoi ta thdy con ngudi séng
dé chiu trong céc diéu kién:

DPiéu kién mua he:

0 =35-70%

t =24-27.C
Dbiéu kién mua dong:

t =20 23¢

@ =35- 40%

Bang 7.1. Lwong nhiét va am tda ra cta co thé nguodi lam viéc

Tinh chét hoat dong g (Kcal/h) W (g/h)
Nghi ngoi, lam viéc ban gidy 804.100 75 115
Lao déng nhe 150-7200 854-200
Lao ddng trung binh 2004.250 1404-280
Lao dong nang 2504-400 2404.415

Ngoai ra td'c d0 chuyén dong khong khi trong phong (0 cling phai &
trong khoang gi¢i han nhéat dinh (bang 7.2).

POl véi diéu tiét khong khi lwgng gié moi (gié twoi) cap cho ! ngudi
trong 1 gio va boi 8'tudn hoan khéng khi trong phong (la ty 8" gié thoi
vao phong trén thé tich phong) dugc cho & bang 7.3.
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Bang 7.2. T6c do gio luon chuyén can thist trong phong

Nhiét do tr.ng phong ( c) Téc do t6i thiéu (iT)s) T6c do t6i da (ms)
20 0,04 0,12
22 0,05 .0.17
24 0,09 0.26
26 0,16 0.4
28 1.0
30 1.3
b K .Lvong niiiet la Y toa rd ciia co tiic TigiioT 1am liéc
A | m™h
Tén phong Luong gio tuoi {upbngus))  BOI SO tuan h an (?é"phOng
Cha hang an uéng 30 50 8
Phong lam viéc 3 8
Rap hat. rap chiéu phim 20 30 5 6
Thw vién, kho 4 8
Bénh vién (phong bénh nhéan) 60 5 8
Bép khach san 10 20
Phong phun son 20 25

7.3.2. Céc qua trinh xtr ly khéng khi
i> Hoa tron
Dong khong khi twoi tlr ngoai troi (dong 1) trwéc khi thdi vao phong
thuong dwgc hoa tron ver dong khdéng khi tai tuan hoan rat tr phong vé
(dong 2). Qua trinh 1 -2 duoc biéu dién trén do thi H.7.6. Piém 3 la diém
hoa tron théa man dang thic:
m _a
m2 b
& day: mi (kg) - lwong khong khi cla dong 1 (coi lwong khéng khi am
bang lwong khong khi kho)
r2 (kg) - lvong khdng khi ctia dong 2
Piém hoa tron 3 c¢d khéi lwong m3 = +m2
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Gié héi
.2
2 Bubng
say
(P = 1007.
2- b6t nong

Khéng khi sau khi dd duoc hoa tron (diém 3) c6 thé dwoc dot ndng toi
diém 4 c6 t4, 94 va dua vao phong (vi du qua trinh swdi am). Trong qua
trinh d6t néng vi hoi nwéc chira trong khong khi khong thay ddi nén qua
trinh nay d = const, d6 &m 9 giam xudng va nhiét do t tang lon.

3- Lam lanh va giam am
Gio6 thai

Gidlanh

(p=100%

Gio6 tuoi

Nwéc ngung
Hinh 7.7

Khong khi sau khi hoa tron dwgc lam lanh va gidm am (gidm do chia
hoi) trong budng xt ly (budng diéu khong) (H.7.7). Lam lanh va giam am
duwoc thwc hién bdi viéc phun nuéc lanh (nwéc dwgc lam lanh trong binh bo'c
hoi cla may lanh) hodc di qua dan bd'c hoi c6 canh cla may lanh (may diéu
hoa nhiét d6, may hat am).
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Khong khi & trang thai 1 (", @) truéc tién duoc lam lanh dén nhiét
dd dong suwong t (d - corist, @ tang: Ién va t gidm xubng). Sau do la quéa
trinh ngwng tu cla hoi nuéc trong khdng khi khi lam lanh dw6i nhiét do
dong swong, qua trinh 2 - 2. K&t qua khong khi di ra & diém 2 c6 nhiét do
12 va da tach duoc lugng nuéc Ad = di-d2.

4- Tang am

Khi can tang am (d6 chira hoi) cho khéng khi nguoi ta phun nwéc hodc
hoi nuéc vao khdng khi trong budng xr ly. Néu nhiét dd nwéc phun nhd hon
nhiét do khcng khi ta ¢d qua trinh tdng am va lam lanh, nguoc lai néu
nhiét do nudc phun Ién hon nhiét d0 khong khi ta ¢ quéa trinh tdng am va
dét nong khéng khi.

Hoi nutc
N
9
~ 0 Nuwéce lanh
bom

><
>
>
>
>, 2
y

> >r

b)
Hinh 7,8

a) Tang nhiét do va do am; h) Gidm nhiét do va gidm do am
BAI TAP

7.1. Khong khi am & ap suat p = 1 bar ¢6 nhiét do t| =25 ¢, dd am twong
dol (A =06.

Xac dinh phan ap suét hoi nuwéc Pi, nhiét dd dong swong t g, dd chira
hoi d, entanpi | clia khong khi am, nhiét do nhiét ké wot t .
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Griai
a) Phuong phéap i:

o " M Lay: Pho= 9phnix
mm .y' ]

T bang nwlJc va hoi nwéc béo hoa vol tj =ty =25 ¢ tim duoc ap
sudt bao hoa twong tng Phmax = 0,03166 bar.
Vay phan ap suéat cua hoi.
Pj - 0,6x0,03166 - 0,018996 bar 0,019 bar
Tw phén ap sud p0,019 = bar tra bang nwéc sdi va hoi bdo hoa tim
duwoc nhiét dd bédo hoa twong ng la:
t =17.0=t3
Pé chlra hoi d dwgc tinh theo cdng thirc:

d=622-"" =622 > ™M =12 g/kgkk =0,012 kg/kgkk
P-Ph 1-0,019

Entanpi duwoc tinh:

| =t +d (2500 +1,93t) =25 +0,012 (2500 + 1,93x 25) = 56,6 kJ/kgkk
. 1) Phuong phép 2:
St dung do thi | - d hoac t - d.

T do thi | - d diém 1 dwoc xac dinh bdi giao diém cla duong
ti =25 ¢ voi duong (p =0,6.

Puong | = const nao di qua diém 1 ta doc duogc gia tri cia li trén truc

tung.
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T diém 1 giong thang déng (d = const) xudng gap duong o = 100%
cho ta diém 2, dwong t = const nao di qua diém 2 ta doc duoc 12 = t’s
kéo thdng dwong thdng ding ndo xudng gdp dwong pl duoc diém 3 gidng
ngang sang phai sé tim duwoc phan ap suat cla hoi nuwoc (gid tri cho theo
mm Hg), tiép tuc kéo thang xudng truc hoanh sé tim dwoc do chira hoi

Pé tim nhiét do6 nhiét ké wot , tir diém 1 kéo theo duwong = const
cho dén khi cit duong @ = 100% ta xac dinh dwoc diém 4, duong t = const
nao di qua diém 4 ta doc dugc -t ..

7.2. 10m™ khong khi am & ap sudt p = 1 bar ¢d nhiét 6 t = 20 ¢, nhiét do
dong swong tg =10 c .
Xac dinh do am twong déi e, do chira hoi d, entanpi | va khoi luvong
khong khi am G, khoi lwong riéng clia khéng khi am p.

Giai

Ph

P1i ma\

cp:

T bang nuwéc va hoi nuwdc bao hoa theo:

t =20X ta tim dwoc Ph0,0234 = bar
t = 10°C; Ph = 0,0123 bar
Vay: 0= 8’8%52 = 0,53 = 53%
Theo (7.3) ta co:
d=0,622-""- = 0.622— = 0,00775 kg/kgkk
P-Pi 1-0,0123

Entanpi duoc tinh theo (7.5):

| =t +d (2500 + 1,93x20) = 39,67 kJ/kgkk
Luong khong khi am:

G = G| +G|

T phuong trinh trang thai viét cho hoi nuéc va khong khi kho ta tinh

PV 0012300 XI0 g
RhT 8314 - v Kg

20+27
18 (20+273)

G.

, 07123,10» xio~AA
RiT (287x293)
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G = 0,09 + 11,75 = 11,84 kg
Khoi lwgng riéng cla khong khi am;

p=2= 1M =1184 =12 kg/m"
V 10

7.3. 1 kg khong khi am & 4p sudt p =1 bar, nhiét do t = 15 ¢, phan ap suat
clia hoi nuwdc Ph = 1270 N/m”. Xac dinh do am twong doi, nhiét dé dong
swong t g, dd chtra hoi d, entanpi | va kli6i lwong riéng cta khéng khi
am.

Pap s6: (p =0,746 ; t s= 105 ¢

d =8 g/kgkk, I = 35,1 kJ/kgkk, p= 1,21 kg/m~

74.100m" khong khi am & ap suat p = 1 bar, nhiét dot =35 ¢, ddo am 9 =
70%.
Xac dinh db chtra hoi d, nhiét do dong swong t s, khoi lvgng khéng khi
khd Gk, khoi lvgng hoi nwéc Gh cd trong khdng khi am.
Pap s0: d = 25,5 g/lkgkk; ts=29 ¢
Gk =109 kg; Gh = 2,78 kg
7.5. Khong khi @m & p = 1 bar, nhiét dot = 30 ¢, do chita hoi d = 18 g/kgkk.
Xac dinh do am cp, nhiét do dong swong t g, entanpi I, do chira hoi I6n
nhat d" j, .
Pap s6: 0 =0,66, tss =225 ¢
| = 76 kJ/kgkk, dmex = 27,5g/kgkk
7.6. Cho biét khoi lwvgng ban dau cua vat can sdy G = 300 kg, khoi lugng
sau khi sdy Gc = 250 kg, thoi gian sdy X = 10 gio. Khong khi duoc dung
lam tac nhan sdy c6t =20 c, ( = 60%, sau khi duoc calorifer d6t néng

c6 nhiét do 12 = 95 c¢. Khong khi sau khi qua budng sdy duoc thai &
nhiét do t3 =35 c.

Xac dinh lwvgng khong khi can thiét dé sdy, lvong nhiét va lugng nuéc
can thiét cap cho calorifer néu hoi c6 ap suat p = 1,5 bar.

Giai
a) Phuwong phap 1 (st dung do thi | d)
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T thi l-dH.7.14) xac dli f
dwoc cac thong so dac trung sau:

Picni 1. la giao diéin cua
duong g = 60% va t"= 20"C. ta
tim duoc:

di = 0,009 kg/kgkk
Il = 42 kJ/kgkk

Piém. 2: la giao diém cua
duong di = d2 = const va duong
t2 = 957C, ta tim duoc:

12 = 119 ki/kgkk
® - 3%

129

DPiém 3: la giao diém cla hai duwong 12 = const va dwong ta = 35 ¢, do

do tim duoc:

= 90% ; da = 0.033 kg/kgk”
b) Phuwong phap 2 (dung cbng thirc tinh toan)

T badng nuwéc va hoi bao hoa @ng wvoi ti = 20 c,
phmax = 0,0234 bar, vay phan ap sud't cia hoi nwéc trong trong khi am:
Ph = PPmex = " 0,0234 = 0,014 bar
di = 0,622 = 0,622 0014

p-Ph 1-0,014

Il = ti +cli(2500 + 1,93ti)

= 20 +0,0088 (2500 + 1,93 x 20)
2 = t2 +d2(2500 + 1,93t2) v6i d2 = d)

= 0,0088 kg/kgkk

= 42,34 ki/kgkk

= 95 +0,0088 (2500 + 1,93 x95) = 118,6 kJ/kgkk
Nhiét lvgng cung c&p cho 1 kg khdong khj khé qua caloriier la:

g = I2-1] =

118,6-42,34 = 75,66 kJ/kgkk

'l qua trinh sdy ly thuyét c6 12 = I3 = const, vay:

2

13 = t3+d3(2500 + 1,93t3)

o 123 _ 118635

2500+1,93t3 2500+ 1,93x35

Lwong din lay di dugc tir budng say (ng voi | kg khong khi kho sé la:

Ad ~ dg-d0,0238 = 0,0088 - 0,0326

= 0,0326 kg/khkk

kg/kgkk

ta co
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Lwong nwdc can lay di tir vat sdy trong 1 gio:
Gj-G¢ _ 300-250 _ 5 kg/h
T 10
Luvong khéng khi can thiét:
Gn

G _ -
Al " oopzs = 210kakkyn

Luu lwvgng khdng khi can thiét:

G” =

Luvong nhiét can khi tinh chinh xac theo (7.8):

= 75,66 = 15.895 kJ/h
Tinh gan dung theo (7.9);

Q 95-20 5 = 15760 kJ/k
; 0,0238
Sai s6 gap phai: 1585p-15760 0,9%

15895

Tinh toan so bd theo (7.10)

Q 2500 X Gn =2500 X5 = 12500 kJ/h
Sai s6 gap phai khoang 21%.
Hoac tinh:

Q = AIXG = 75,66 X 210 = 15888,6 kJ/h
Sai s8'gap phai 0,04%.
Lwong hoi nwéc cung cd’p cho caloriier theo (7.11):

_Q "
b = 5
Tw bang nwéc va hoi bdo hoa theo p =1,5 bar ta cé r =2.226 kJ/Kkg,
vay:
15895 :
= = 7,14 kghoi/h
2226 ’ gho/

7.7. MOt thiét bi st dung bom nhiét dé sdy san pham cé cac diéu kién nhuw
sau: Khong khi vao dan ngung cua bom nhiét cc ti = 30 c,

q@ = 80%, sau khi qua dan ngwng khéng khi dwgc d6t néng dén
® = 92.C rdi dwa vao budng sdy. Khéng khi sau khi ra khoi budng
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say co do am 93 = 809c. Khd\ lugng twoi cla vat say la 550 kg, sau
thoi gian sdy 4 gio sdn pham kho con lai 450 kg. Xac dinh:
a) Luong khong khi va lwgng nhiét can cho qua trinh say.

b) Xac dinh cobng suat may nén cta bom nhiét néu biét hé s6 bom nhiét
9 =4.

¢) Xac dinh lugng khéng khi can cép cho dan bd'c hoi clia bom nhiét néu

nhiét dd khong khi vao la 30.C va ra khéi dan bd'c hoi la 20.C.
Giai

St dung do thi | - d (H.7.14) ta co:

- Diém 1 la giao diém cla 2 dwong ti =30.C, @ =08.

T d0 thi tim duoc di = 22g/kgkk, 1| = 21kcal/kgkk.

- Diém 2: la giao diém cla dwong di = d2= const véi duong
t2 =92 c. tlr d6 tim duwoc lo = 35 kcal/kgkk.

- Diém 3: la giao diém cla dwong !3 =12 = const v&i duong 93 = 80%,
tr do tim duoc d3 = 41g/kgkk.

a) Luwong nwoc can boc hoi cua vat say trong 1 gio:
A 550-450

= ot = 25 kg/h
Lwong khdng khi can:
G = " = 1316 kg/h
Ad
V = G - 1316=1O97th
D 1,2

Lwong nhiét can cho.qua trinh Say:

_ _ = — ___x25 = 18425 kcal/h = 21,4 kw
dg-di 0,041-0.022

b) Cdng suat clia may nén:

T S’\N:S = 5,35 kw
N r 4

c) Nhiét dan bdc hoi cla, bom nhiét nhan nhiét tlr khong khi:
Q2 = Q-N=214- 535 = 16,05 kw

Luong khdng khi c&n cho dan bd'c hoi;
Q2 =
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o = Q 16,05 159 kg/s 5721  kglli.
K 1,01x10
Sk =1 = 4768 mw/h
p 1,2

7.8. Khong khi ¢ trang thai dau c6 t[ : 20.C, d0 am W = 40% duoc dot

nOng t¢ ts =80.C roi dwa vao budng sdy. Khong khi ra khd bubng sa'y

cd nh ét do tg = 35.C. Xéc dinh dd chira hoi va do am cltia khong khi

sau kh sdy, nhiét can thiét dé bdc hoi 1 kg nwéc trong vat can sdy trong
1 gio.

Dap s6i dz = 24gdcgkk, 48= 66%

Q = 3400 kJzZkgkk.

7. Vat can sdy cOkhd luong ban dau Gd = 300 kg, sau kh sdy khd cOn lai

GaZ 260 kg, thoi gan sdy 1 = 8 gio. KhOng khi & trang thai dau co
ti = 30.C, &= 0,7, sau khi dwoc d6t nOng trong calorifer nhiét do
khéng khi ra = 90.C va dugc dwa vao budng sdy. Nhiét dd6 khOng khi ra
khoi bubng sdy 40 =2 .C . Ap sudt khi quyén p = 1 bar. Bang phuwong
phap tinh toan (khOng str dung doé thi I-d) xac dinh lwgng khéng khi can
thiét, lvong nhiét can thiét, do am twong doi cta khOng khi sau khi say.
Pap s6: G = 250 kg/h V = 208 w3/b
Q = 15.550 kJTh, ip= 70%.

7.10. Khong khi am & trang thai ban dau cO ap suédt pi =lbar , ti =10 ¢

O =60% . KhOng khi am nay sau do dwoc nén theo qua trinh da bien
vdi n = 1,25 dén trang thai 2 ¢6 60 = 2 ¢ . Xem khOng khi @m nhu khi
ly twdng dé xr ly trong qua trinh nén.
a) Xac dinh ap suat P2 .
b) Xac dinh d6 4m twong doi ctia khOng khi @2 .

ap s6:p2 =2,2557 bar 1 b) ® 13 %

7.11. DUng may hUt 4m dé sdy (qué trinh sdy diu), cho biet cOng suat ctia may

nén N = 0,5 kw, hé sd lam lanh cla may 5 = . Nhiét do khéng khi bao
hba khi qua dan béc hoi ti =25.C, sau khi dét nOng trong dan ngung tu
khéng khi c6 tg = 75 c, lwgng nwéc béc hoi khOi vat say
Gn = 2,5 kg/h. Xac dinh nang suat lanh Q. cUa may, lvgng nhiét dét
nOng khOng khi trong dan ngwng Q, nhiét do va do am cua 48 khOng
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Giai

khi sau khi sdy, lwong khéng khi can G (luu lvong quat), lwgng nuwéc

ngui)g tu & dan béc hoi trong 1 gio .

DUng do thi | - d;
Diém 1 la giao diein cUa w =25 ¢, e\: 100%. T& d6 tim duoc:

di = 002kg/kgkkvhl =175 kgkk = 73,15 kd/kgkk
Piém 2 la giao diém cla dwong 75 = 2c¢ va d2 = di = 0,02 kg/kk.
tim dwoc 31 = 2 kcal/kgkk
Nédng sudt lanh Qo cUa mdy lanh dugc xac dinh:

= Q
N

Q. = eN =5 x0,5 = 2,5 kw
Nhiét lwvgng do dan ngwng tu tdéa ra QY dugc xac dinh:
Qn = Q+N = 25+05 = 3 kw
Khi bd qua ton tha nhiét thi nhiét lwvgng dung lam lanh khong khi va

tdc am chinh la Q.:

Q = eN=25kw
= 25 x 3600 = 9000 kJ/h.
Mat khac ta co:
Q = Gk (I3-11)
Gk - lvu lvgng khoi lvgng khdng khi qua dan lanh

Luu lvong nwéc nguwng tu Gng dugc tinh:



134 CHUONG 7

ng = = k( 3-di)
Do do:
G -1
= " va = G
CU = 4adf VB9 T g3.4i™
Vi d0 chira hoi d cla khéng khi @m Tat nhd nén tinh gan ding co thé
xem | - c, mat khac nhiét dung riéng cua khong khi xem
il ~ kJ/kg C nén:
Q.
Thay cac tri s6"da biét vao ta tim duoc:
75-25)
do —0,02+.( = 0,034 kJ/kgkk
9000 0,034 kJ/kg

Tl d6 thi | - d, diém 3 dugc xac dinh theo diéu kién d3 = 0,034 kg/kgkk
va 13212 =129,6 kJ/kgkk, két qua tim duwoc t. = 40.C, O ~ 70%
Lvu lugng khong khi can thiét (lvu lvong quat) Gj :

G 25
Gu = = 1786 kg/h
Ad 0.034-0.02 g
v. = K 1786 149 m /h
0 1.2

Lwong nwéc bd'c hoi tir vat say cling chinh la lugng nwéc ngung tu cla
dan lanh: G, = Gjg = 2,5 kg/h
7.12. Trong quéa trinh sdy diu, cho cong suét clia may hiat am N =1 kw, hé so
. jain lanh e =3. Nhiét dd khong khi bdo hoa qua dan bd'c hoi
tj = 25 ¢, nhiét do khong khi sau khi dét nong trong dan ngung
t2=80 c. Lwong nwéc bi'c hoi khoi vat say Gj = 3 kg/h.
Xac dinh nang sudt lanh Q. clia mdy, lvgng nhiét can dét néng khéng
khi trong dan ngung Q, nhiét do t3, dd am (3 cla khong khi khi ra
khoi bubng sdy, nhiét d6 dong swong |, lugng khdng khi G can thiét.
Pap s6: Q = 10.800 kJ/h; Q =10.800 kJ/h
tg =43 ¢, (s = 60%, t4=37 ¢, G =200 kg/h.
7.13. Bai toan cho nhu bai 7.12, x&c
dinh lvong nhiét khdng khi nha ra
khi di qua dan bd'c hoi theo céng
thirc 7.16, xét sai s6 gap phai.
Dap s6: Q =11546 kJ/h, sai s6 7%.
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7.14.

Giai

(nhiét dung dich riéng cla nwéc 04,18 -

nuwéc p

M6t dan lam lanh khéng khi
tvoi trong hé théng diéu hoa
khéng khi can lam lanh luong
khéong khi Gi, = 10000 kg/h,
két qua do duwgc: Nhiét do
khong khi vao dan lanh

35 ¢, (= 70%, nhiét
dd6 khbébng khi ra ngoai dan
lanh 12 = 15.C, (= 90%.
Dan lanh st dung nuwéc lam
lanh vao t = 6.C va nhiét
dd nuoc lanh ra t" =

Xac dinh:

135

a) Nang sudt lanh cla dan lanh Q (kw).

h) Lvu lvong nuéc lanh qua dan lanh qua (lan

c) Lwu lvong nuéc ngung tu Gjg.

Tw d6 thi | - d tim duwoc:

(kg/hi.

- Diém 1 Voi = 35 ¢ ; (Pi= 70% tim duoc
N = 24 kcal/kgkk = 100,3 kg/kgkk

di 25 g/kgkk
Piém 2: V6i t2 —

12 = 24 kcal/kgkk

d2 = 9,5 g/kgkk

15°C; Q2 -

= 0,025 kg/kgkk
90% tim duwoc

35,9 kJ/kgkk
= 0,0095 kg/kgkk

a) Nang suat lam lanh cla dan lanh Q :

Q = Gkdi-12)

ANNN(100,3-35.9) = 178,9 kw

b) Lwu lvong nude lanh Gn dwoc xac dinh tir diéu kién can bang nhiét

000 kg/m™):

Q = Gkdi-I2) = GnCp,(t”-t )

kj/kg c. Khéi lvong riéng cla
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Ors
G, = Q | — = 8,06 k /: sos1s5 k./h
Ch'a nt n) 118(11'6)
= 30.8 n\/h
7.15. Trong in6t thiét bi ctia hé théiig diéu tiét khoiig klii 8  (loiig klioiig
khi hOa tron v6i nhau: dOng 1 c6 thOng s6 1 =81 (. ® 80

G\ = 600 kg&. dong khong khi tht 22 1 = 22 (. (. = 60~
Go = 150kg/h Ap sud't khi tréi B = 1 bar

x & dinh thong sd t.rang thdi cUa hon hop khi.

Giai

T do thi I-d tim duoc:

Tr.ang thiii 1
ti=31”c¢ 190 =  kJZkgkk
& =80K di = 23 g/kgkk

Trang thili 2;
t=31c 90 = 2 kJZkgkk
92 = 80%. dr = 23 g/kgkk

Néu goi lwu lvung khOng khi kho la Gikk va khdong khi &in la G\ thl

ta ¢ uan hé:

: B . = 690 m = 5856 kgih
Gifgk 1+O.'CgOIdi 1+0.023 J
G 150

Gskk = |, 000d2  1+00008 _ 1485 kgih

Sau khi hon liop ta co:
OiKkKI1+ 2KkKI2 586.5x23+148,5x98

’ Gikk+Gakk 586,5+148
Ho - iKKk 1+C2KK 2 586,590 148,5x47
> CikK'b 2« 586,5+148,5

Biét . va dg tir do thi | - d tim duoc:
t3=29,l ¢ ip3=80% t=26 3Ci tds=25 3C
CUng c6 thé tinh gan dUng nhuw sau: Diém 3 nam trcng doan thang ndi
diém 1va 2 trén do thi | - d.
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13 G okk 148 1
32 Gikk 586 5 3.93 4'

Trén do | - d dein doan 12 chia tiianh 3 doan nho ta sé xac dinh duwoc

diéin hén hop 3. Déng thoi tir do thi tiin (twoc:

7.16.

7.17.

7.18.

81,3 = 3 kJ/kgkk d* =20,3 g/kgkk [] =29,1 'C
@ =sc/ tir =283 ¢ tas =253 'C

Mot hé thOng may lanh O binh ngung tw duo'c gidi nhiét bang khong
khi. KI 6ng khi am trwéc khi vao dhn 1?nh ¢6 thOng so ti = 23.C
®1 = 7096, khong khi ra khOi dan lanh la khOng khi am bdo hOa O
nhiét d6 thap hon nhiét dd khOng khi vho 3 t: luu lwong quat gi6 dan
lanh Gi =2000 kgdi. Hé s6 lam lanh cUa mhv lanh =4 . Ap suét khi
trOi B =1 bar.
Tinh nhiét do va d6 am khOng khi ra khOi dan ndéng (dan ngui”g tu) biét
khOng khi vao dan nOng <O [ = 30'G, @ = 70 luu lvgng quat
G3 = 3000 kg/h (sir dung phuo'i g phhp tinh todn cO kié.m tra lai bang do
thi I - d).

Dap s6 ti=31,3'C 3 =63,580,2 =47 kJ/kgkk.

Trong mot phOng diéu hOa khOng khi. am ké khd - w6t do duoc nhiét do
nhiét ké khd tk =40 c va nhiét ké uét t( =25 c.

a) Dung phuwong phap tinh toan xac dinh cac thong s6 1, &, d, «is .

b) Bi€'u dién trén do thi | - d va bang phuong phap do thi kiém tra lai
két qua finh todn. Ap suat khi troi R =1 bar.
Pap s6' Ik = 76 kiZzkgkk dx 30

d= 0,014 kg/kgkk tds 19.6 "G

KhOng khi d&m  trang thai 1 c6 thong s0 nhw sau: Nhiét do
t\ =40"c & =209 , néu viéc phun nwoc vao dOng khi dé ha nhiét do
xuéng (xem nhuw qua trinh ¢ entanpi khOng doi) dén trang thai 2.
a) DUng do | - d xac dinh nhiét do tha'p nhat c6 thé dat duoc t2mn cla
dOng khOng khi ra.
b) Néu khOng khi & trang thai t = 40.C va do &m & = 80%, bang
phuwong phap phun am nhiét do t6i thiéu cOthé dat duoc la bao nhiéu?
QO nhan xeét gi?

Dapsdé': a) 2, = tu 22 ¢



138 CHUONG 7

7.19. So do thiét bi x ly khong khi &m va cac thong sb cho t.rén hinh vé.

Khi' am
Khoéng khi
\V=E0nb/ph
p3=lbar
3=401/.
16ng bdo hCa
&h ,nw

Xac dinh:

Nhiét do khong khi am sau khi khr am.
Luong nuGdc ngung
Nang sudt lanh dé kh&r &m va nhiét lwvgng cap cUa bd gia nhiét.
Giai
Goi hnj lugng khoi lugng khéng khi khé 1a m va lvu lvong khéi lvgng
clia nwéc ngung la m va cla holnuwéc la m ta co:
niai = ma2 = ma
mi = mv+m 2
m 2 = mad2 va ta cO d2 = dg nén:
Luu lwvong cia khoéng khi khé (coi nhuv khi ly tuédng) duoc tinh:

m (P1-P.1>V.
R.T,

ti=28 c tra bang cac tinh chat nhiét déng cUa nudc va hoi nwéc trén
dwong bao hOa tlm dugc phniax = 0,03811 bar
Phi = (PiPhmex = 0,7 x 0,03811 = 0,02067 bar
Ap s at riéng cta khéng khi kho:
Pai 1 -Phi = 0,9733 bar

d = 0,622 0-02667
0,9733

1 =ti- '2500+2ti)d 71,42 =0,01699 (56 + 12500 + 28  kd”cgkk

Trang thai 3¢c6 to : 24 C 93 : iori tra bang hoi nwéc tim duwoc:
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o =4’

3 ts 24 C ->P3siw = 0,03 bar

Psb = 1-P13 = 04 X 0,03 = 0,012 bar

33 = 3 + (2500 + 2 )Yd3 = 24 + (2500 + 48) 0,0075 = 43,27 kJZkgkk

Trang thai 2 la khong khi din bdo hoa nén 100 = 2 %va 2= 3 =
0,0075 kJZkgkk, tir day ta co:

0,062 Ph2 = 0.622 Pb3
1" Pb2 1-Phs

suy ra: Ph2 Ph3

Vi Pj3 = Pb3,. = Pt2 = 0,012 bar (vi 100 = 2 %) tra bang hoi
nuéc tiin dwoc t2 = 9,0 c

2 =2 + (2500 + 2t2)09,0 o (2500 28,01 = 0,00755 (19,2  kJZkgkk.

in. © bré 1 09%%]’%7%%511,(501; 56, kk/ph
inl=d*»xmj = 0,1099 X 50,34 = 0,9572 kg/kgkk
Nang suat lam lanh :
Q ,=m (li-I2)+mnC,t4
- 56,34 (71,42 - 28,61) +0,5319 x4,18 X 9,6
- 2412,3 + 21,3 = 2433,6 kJZph
m (d]- 2) = m (di-dg)
56,35 (0,01699 - 0,00755) = 0,5319 kg/ph
Nang sudt gia nhiét Qh:

Qh  Ta(l3-12) = 50,35 (43,27 - 28,01) = 820,1 kJ/ph

¢ day: m .

7.20. So do thiét bi diéu &m va céac thong sd nhw hinh vé

- Xac dinh nhiét do khong khi ra t3 a do am @3
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Hoi nuéc ba. hCa 1 2:1ka/ph

- Néu luong hoi m 2 =5 kg/ph va 6 kg/ph thi nhidt do va d6 am dOng
khéng khi ra la bao nhiéu.
Gial
Trang thai 1: ti = 35.C tra bang hoi nwdéc bdo hOa tim duwoc
pibnw = 0.05622 bar

Pih

oipienas = 0,4 x 0,05622 = 0,0225 bar
Pla =1-Pih= 10,9775 bar

0,0225
0.9775

1 = ti+(2500 + 2ti)di= 35 + (2500 + 70)0,0149 = 73,29 kd/kgkk
vdi thong D&trang thai 1ta cO
niyi = diXm~. = -0,0149 X 200 = 2,90 kg/ph

di = 0,622 = 0,0149 kgdtgkk

G3 13

Hoi phun vao trang thai 2cOp =1bar va m 2=!kg/ph ta co:
i"2 = 2670 kJZkg; m = 2257 kJ/kg
T 3= mi+tm 2= 29 +1 = 3,95 kg/ph

trong dO: Ta luu lvgng cUa khong khi khOl m - lvu lvgng cda hoi nuéc

Q3 = Ql+Q2 = 14658 + 2676 = 17334 kiZph

dgf I;IFIW (viTai=Ta2=II'Ia)

__° = Kg/kgkk 0.0199
3 200 979
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(; 1::1 . .
1 = --- 7 — 4(; k J/ki kk
200
l. 2500) - f 2tj ii = 8()7 : t] + (2500 + 20.0199 3
Ta tim (luge: 1t % (: = 30,0 C
1.0398

Vé&i; 3 =3 , 'tatini dwoc P3 3um  bar 0,06

d, : 0.622- P** = 0,0198 kg/kgkk
1-Pah
Do dO: P3" = 0,0308 bar
o - PRI - 0308 _ a9
P3bTa: 0’06

Pinh toai) two'i)g tir néu phun 5 kg hoi/ph ta cé:
ts = 36,90 @3 = 93,80
Néu phun 6 kg hoiz'ph ta cO.
t"3=39 ¢ ("3=96
Tl day chUng ta nhan thdy khi dUng hoi nuéc dc lam t ng 1 nlii(t do
dOng khOng khi tang khong dang ké trong khi do do am cUa hoi thng rO rét.

7.21. Thiét bi hOa tron hai dong =3¢
ti=pgn _

khong khi am bd' tri nhuw |
hinh vé, Iluwu lugng dOng © -
tht* hai gap doi dOng thuw
~ p ~ " © -- 1
nhat, cac thOng s6 can «=60
thiét cho trén hinh. Xéc 12202 ¢
dinh nhiét do va do am @3 Vi =22

DiP4n. t2147 Cp3=1 78,890

<3

7.22. Cho mot thiét bi phun
am bo'tri nhv hinh. v&. na=gokg/ph
Trong dO khOng khi ti =22c
vao ¢ nhiét dd nhiét wi =9.0
ké'khotkl=22~Cva
nhiét d6 nhiét ké' uo6t
tiri =9 C, cac thOng
sO cOn lai cho trén t=110 6 mh = 52kg/h
hinh.

Hoi ba. hoa kho co
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Xac dinh: 12 va @
Pap s8: 12=24.C, 92 =61,5%

7.23. Cho hai dong khong khi am hoa tron dé tao dong th 3, so do bd' tri va
thdng s6 nhu hinh V&,

v = 142m“~ph

=5¢
= 0,002kg/kg kk

tf = 24 ¢
2 = 50%

Xac dinh t va d3
Pap s6: t* = 19 ¢
d3  0,0074 kg/kgkk

7.24. So d6 nguyén ly hoat dong cia mot thap gidi nhiét va cac théng sé can
nhu hinh ve.
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Xac dinh lwu luong kliong khi can thiét qua thap va lwgng nwéc bd sung

cho thap.
Gidi

T phuong trinh can bang khéi lwong’ lvu, lvong cac dong chét 1ong

trong thap nhuw sau:

ing; = My
TW+5 +m 3 = T2+m 4
vii mi=m2 nén m = in4-m 3
trong dC. - lwu lwong dOng khOng khi khd (do quat hdt qua thap)

mi va ni2 - lvu lvgng dOng nwéc qua bom va hinh ngung.
m - lvu lugng dOng hoi nwéc chira trong khdng khi am.
mé - lvu luvgng nuwdc bo sung.
m3 - 3 3 m¢é-
DodO: ms=ma(d4-d3)
& trang thai 4: t4=35 ¢ ta tim dwoc psnmax = 0,05622 bar
pah = papsahmax = 0,9 x 0,05622 = 0,0506 bar

Va: Pda = 1-pan = 0,9494 bar
0,0506
4 22 =
d 0,6 0.9494 0,03315 kg/kgkk
c ta cO Pdnex = 0,03166 bar & trang thai 3: 13 = 25
Psh = 0,35x0,03166 = 0,03315 kg/kgkk

paa  “ 0,9889 bar
kg/kgkk 0,00697 = = 3

Viét phurong trinh can bang ning lvong cho thap giai nhiét ta co
M, 03+ «1qQal-1+™5 p55 = m 14+m2Cp2t2

(@)

Néu xem nhiét dung riéng cla nwéc @@ = 4,18 kJ/kg dd, phuwong trinh

a) ¢O thé viét lai nhu saw)
mj3 +miCpti+ni3(d4-d3)Cpts = m l4+miCpt2

trong dé

13 = tg+ (2500+2t3>dg = 25 + (2500 + 50) 0,00697 = 42,7735 kJ/kgkk
4 = t4 +(2500+2t4) d4 = 35 + (2500 + 70) 0,03315 = 120,19 kI/kgkk

Do do

m x42,77 + (4,5 .10 )x4,18 x) 4,18 x30 -m (0,00697 - 0,03315 20

= x 120,19 + (4,5 .107 4,18 xm 30
m 75,237. = 150,48 . 10~
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lMia = 2.0.10 kgkk/h
Lvu lwgug khOug khi &m do quat hut qua thap gidi nhiét la:
m : lUa+dima ma(l +d.i)
= 1,00697 x 2,0 . 1010 . 2,01394 ? kg/h
Luu luoiig livée bd' suug:
I = 0,02618 = ¢ ( - x2,0.10

mg  0.05236.1Q7
1m, 2.0.10

- 0,02618 = 2,62%0

7.25. So do wguyCii ly ho.ot dowg cUa t.hiét bi twoiig tw bai 7.24 nhung cac
théng so thay do nhu sau:
ti = 30 'c f = 85

- tj = 35- mi = 250.000 kg/h
t. = 175 ¢
t3=15C 30 = 3%

Xac dinh lwu lvgng khOng khi qua thap giai nhiét va lvgng nwdc bo
sung.
Dap s6.i m. = 276.512 kgkk/h

5531,3 = kg/h (2,2%)
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CHU TRINH THIET Bl LANH

Thiét bi lanh la thiét bi thwc hién theo nguyén ly Carnot, nhan nhiét
tr nguodn lanh, thai nhiét cho ngudén néng va tiéu hao cong. Thiét bi lanh
nham tao ra nhiét do thdp hon nhiét do mdi trwdng xung quanh dé phuc wu
cho cac qua trinh coéng nghé va diéu' tiét khong khi. BEé danh gia mic do
hoan thién cla chu trinh nguodi ta dung ty s9“gitra lvong nhiét lay duoc t
bubng lanh va cong tiéu hao cutia chu trinh goi la hé s6é lam lanh e:

ko Iq
yA 4 . 4,
6 day: qgi- la nhiét lwong chat méi gi¢i thai cho ngudn nOng.
q - nhiét lwong chat méi gidi lay tir nguodn lanh
Chu trinh ly twéng cUa thiet bi lanh la chu trinh Carnot ngugc x6a va
hé s6 lam lanh cla nO duoc tinh:
T.
T-T,
trong dé: T - nhiét, do ctia nguén nOng ( K)
T - nhiét do cta ngudn lanh ( K)

Pé phuc vu cho nhiéu loai cong nghé khac nhau nén thiét bi lanh c6
cau tao rat da dang, trong phan nay chUng ta chi dé cap dén nhirng dang
twong doi phd cap.

8.1. CHU TR'INH MAY ANH DUNG KHONG KH

So do thiét bi lanh dung khOng khi va chu trinh cUa nO dugc thé hién
trén H.8.1 va H.8.2.
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Hinh 8.2

Khéng khi tlr buéng lam lanh | hut ao may nén Il, sau d6 dugc nén
Ién v&i 4p sudt va nhiét do cao. Khong khi nay dwoc ddy sang budng lam
mat Ill, & day khOng khi thai ra nguén nOng mot nhiét lugng 1 va duwoc
hut vao xylanh gidn né IV d& gian né va nhiét do gidm xuOng thap. Khéng
khi cOnhiét do thap nay dwoc day qua buong lam lanh, hap thu lwgng nhiét
tr ngudbn lanh 2, khOng khi s& nOng dan Ién va dugc ti€p tuc duwa vé may
nén, chu trinh duoc lap lai:

q4 = = Cp(Ti-T4> (8.1)
Cong tiéu hao cUa may nén:
lmn = To-li = Cp(T2-Ti) (8.2)
COng nhan duwoc tr xylanh gidn no:
k : 43 (8.3)
Cong tiéu hao cua chu trinh:
lo = Zm k (8.4)

Bon vi clia g.va 0 la kJ*g hoac kcal*tg. Tuy theo nang suéat lanh yéu
cau la Qo “kJZs hoac kcal® ma tim duoc lvu lwgng tuan hoan cUa lanh chat
trong thiét bi: !

G = i Kkgh (8.5)
qg.

Hé sb lam lanh tr.ng truong hop qua trinh nén va gidn n& la qua
trinh doan nhiét (s = const);

lgoi : Igoi ,  Ti : 14
g-i-iq.i ], T2-T1 T3-T4

e 8.6)

Cong suat ly thuyét cta 46ng co:
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Nt = G.lo kw (8.7)
néu lo- kj/kg va G. kg/s

8.2 CHU TRINH THIET Bl LANH DUNG HOI CO MAY NEN

May lanh (dung hoi hién nay dwoc str dung rat pho cap, tuy theo yéu
cau cong nghé va ky thuat ... nén may cé nhiéu dang khac nhau.

Lanh chat dugc st dung phd cap hién nay la Amoniac NHg, Freon (ky
hiéu l1a R hoac F nhv R R’ 22 nhung trong twong lai cac ldnh chat
nay sé bi cdm vi anh hwéng dén mdi trwvong, ldnh chat cd thé thay thé dan
sé la R-134a, R- 123 ...

1- Chu trinh may lanh mét cap

So d6 nguyén ly may lanh dlng hoi thé hién trén H.8.3 a

Trong may lanh dung hoi, van tiét lvu 3 duoc st dung dé thay thé cho
xylanh gian ng.

Hinh 8,3
Hoi lanh chat sau khi ra khoi dan lanh (thwong la hoi bdo hoa khd
hodc hoi qua nhiét) & trang thai 1 dugc hat vao may nén & ap suat Pi, sau
do hoi dwoc nén doan nhiét dén ap suat P2(diém 2). Ra khdi may nén hoi
di vao binh ngung tu, trong qua trinh ngwng tu P2 = const hoi sé thai nhiét

cho moi tredng xung quanh va bién thanh 1éng bao hoa (diém 3). Chéat long
ngung tu khi ra khdi binh ngung qua van tiéT luwy, ap sudt giam tir P2 dén
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Pi, nhiét do s6i cia mdi chat cung giam theo, chat long khi ra khoi van
tiét lvu la hoi bdo hoa am (di€ém 4) c6 entanpi 1~ = 13. Hoi bao hoa am di
vao binh boc hoi nhan nhiét cla vat can lam lanh & 4p suat p® = const va
bién thanh hoi bdo hoa khd (hodc hoi qua nhiét), sau dé dwgc hat vé may
nén. Chu trinh duoc thé hién trén d6 thi Igp-i nhu H.8 .3h.

Poi véi chu trinh:

Q = 12-13. J/kg (8.8)
I2 = T1-14. kd/kg (trong do I =13) (8.9)
w. I = 12- >klkg (8.10)

Nang suat lanh ctua may
Q =G I (8.11)
G (kg/s) Luu lwgng tuan hoan cua ldnh chat.
Cong suat cla may nén:
N = G. I/ I kw (8.12)
Hé so lam lanh:

— 0 2
e = QN - |Q|_ | (8.13)

Théng thwdng hoi dwgc hat tr budng lanh vé may nén la hoi qua nhiét
(tly theo loai may nén ma dd qua nhiét co6 yéu cau khac nhau), ngoai ra
qua trinh tiét lvu la qua trinh c6 tén that, dé gidm ton that nay trong céc
thiét bi lanh thuc té c6 bd" tri thém bd phan hoi nhiét. So d6 nguyén ly cla
thiét bi loai nay duoc biéu dién trén H.8 6.

Hoi sau khi ra khoi dan bd'c hoi (dan lanh) & trang thai 1 c¢d nhiét do
va ap suad't thap di vao binh héi nhiét HN (binh nay xét vé phia hoi nguoi
ta goi la binh qua nhiét, xét vé phia I6ng con goi la binh qua lanh), né
nhan nhiét cia chd"t Iéng tr binh ngwng (lam nhiét d6 cuachd"t 16ng ngung
giam tr tgdén tg") va qué nhiét hoi bdo hoa & trang thai 1 thanhhoi qua
nhiét & trang thai 1' roi dwoc hatvé may nén, qua trinh tiép lap lai nhu cd.

Chu trinh nay duoc biéu dién trén do thi T-s va Igp i nhw H.8.4 va
H.8.5

Trong trvong hop nay duwgc tinh:

Q = GQ = kw (8.14)
N = GIZ I= G(i2-ii),kw (8.15)

Nhiét trao doi trong binh hdi nhiét Qi :
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Qh = G.4h = G(i.-li). kw (8.16)
p9
p.
Hinh 8.4 Hinh 8.5
HN
HITih 8.6
Chung ta nhan thdy do cO anh chat léng ngUng (tiong binh hoi
nhiét) nén . la 16n hon qi - . eta chu trinh khéng €O ua

lanh.

2- Chu tri:h may lanh hai cdp (hoac nhiéii ciip)

Trong truong h p hé thohg may lanh cé dd lanh qua sau (nhiét dd bdc
hoi quh th&'p so voi nhiét d® mdi trwdong), ty OTnén tang cao dan dén tén
that cOng nén, tiét luu va cac ton that phu khdc tang, nang suat lanh riéng
gidam néu dung may nén 1 cap. DEé khaC phpc diéu nay thuong dUng may
nén nhiéu cdp, c6 nhiéu loai so (i6 nr/tiyén Iy khac nhau, moéi loai cO wu
diém riéng. Sau day chUng ta chi xét i loai so do twong doi phd cap dé hiéu
vé phurong phAp tinh toan (H.S.7).
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NCA - Nén cao cdp , BN Binh ngung tu: TL1 Van tiét luu 1
BTG - Binh trung gian; LTG - Binh lam mat trung gian
NHA Nén ha ap; BH - Binh b6c hoi; TL2 Van tiét luvu 2

Hinh 8,7, So d0 nguyén ly may nén hai cap

Db thi T-S va Igp-i duoc biéu dién trén H.8.8 va H.8.9.

Céac qua trinh nhiét dong thwc hién nhu sau:
I'-2. Qua trinh ndn doan nhiét trong may nén ha ap NHA

2-3. Qua trinh lam mat p = “onst trong binh iam mat trung giaa LTG
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2'-3"'. Lam mat hoi trong hinh tr Jng gian BTG

3- 4. Nén doan nhiét trong mdy rién cao 4p NCA

4- 5. Ngung tu =const trong Linh ngung BN

5.5'. Chat IOng ngung tv duoc qua lanh trong binh qua lanh QL

5'.8. Mot phan 10ng da qua lan.h duoc tiét lvu qua TLI dé lam mat
binh trung gian, hoi tao thanh la hoi bdo hOa am (diém s) & ap sudt trong
binh trung gian P2, hoi am nay tach ra thanh chat long ngwng & trong
binh, (diém 6) va hoi bdo hha khd r khoi binh vao may nén cao 4p NCA
(di€ m 3).

5'.7. Qua trinh qua lanh phan ldn chat IOng ngmg tr binh QL trong
&g xodn dit trong binh trung gian (BTG).

7.5'. Qua trinh tiét lvu chat, 16ng trong van tiét lvu 2, TL2 (thong thwdng
nhiét do 6 diém 7 cao hon nhiét dd trong binh trung gian (2 3 ''c).

e'-1. Qua trinh bdC hoi nhan nhiét cta vat can lam lanh trong binh béc
hoi BH & ap suét..
BAl TAP
8.1. Chu trinh thiét bi lanh dUng

khOng khi nhu H.8.10, khong

khi tr budng lam lanh 1 di

vao may nen Il O nhiét do

ti = - 5 c¢. Sau khi nén

doan nhiét trong may nén,

khOng khi O &p suét
P2 = 5 bar va duoc day vao

binh lam milt I1l. Qua binh
lam mat nhiét do khOng khi
ha xuéng tg = 15 C trong Hinh 8.10

diéu kién ap suat khong dai.
Sau do khong khi dwoc chuyén vao xylanh gidn 1a% IV va cudi cUng duoc
day qua budng lam lanh I. H3y xac dinh cOng clta chu trinh / , nang
sudt lanh q ,hé s6 lam lanh  va £k.
Pap s61 Q=515 ki/kg, q. =899 ki g
=159 £k =134
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8.2. Thiét bi lanh dung Idibng khi nhw H.8.12 c¢6 nang sudt lanh

Q. = 200.000 kJ/h. Khong khi khi vao may nén c6 ap suat = 1 bar,
nhiét dd ty = 10 c. Ap suét khong khi sau khi nén P2 =5 bar. Nhiét
dd khong khi vao xylanh gidn né& = 20 c. Hay xac dinh cbng suét ly

thuyét cta may phat can cho thiét bi lanh d6, hé so. lam lanh, lugng
nhiét truyén cho nuéc & budng lam maét.
Giai
Chu trinh thiét bi lanh dwoc thé hién trén do thi p VvV va T -s nhu
H.8.11 va H.8.12.
Céc théng s6 dac trwng cla chu trinh dwgc tinh todn nhu sau:

1-2la quéa trinh nén doan nhiét:

"x

/
T - T P2 = 263 x 5°%% =416.K
Pi

Hinh 8.12

3 -4.la qua trinh gidn n& doan nhiét, ta co:

’ rp "t =5 = 1,583

Td [Piy

1;83 1?59;’3 = 185K - -88.C
L» = Cp( 2-Ti) = 1,01(416-263) =154.5kJ/kg
4 = Cp(Tg-T4) = 1,01 (293 - 185) = 109 kj/kg
b = Ln-I. - 1545 - 109 = 455 kJ/kg
q = = 1,01(263 - 185) = 78,7 ki/kg

Lvu lvgng khdng khi can:
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| 2000 = 0,7 5 kg/s
q 78,7x3500
COng suéat ly thuyét clia may phat:

Nt : Glo : 0,705 X455 = 32,1 Kw
Hé s6' lam lanh:

= 1,73

LiiQfig n.hiot truyén cho nuéc & thiét bi gidi nhiét (lam mat):
q = ti = 78,7 +455 = 124,2 kJZkg

Q =G .g= 0,705 X 3600 X 124,2 = 3,14 .

8.3. Thiét bi lanh dung khong khi co nang suat lanh
Qo = 200.000 kcald®. ThOng sd cua khdng khi vao may nén Pi = 0,1
MPa, t = 27 c. Ap sudt khéng khi ra may nén P. = 0,5 MPa, sau dé
khong khi dwoc lam ngudi dén ta = 32.C. Hay xac dinh cong suat ly
thuyét cUa may phat va hé s6 lam lanh.

Pap s6 N/t = 135,2 kw, 1,718 =

8.4. Mot nha may nuwéc da cay cd nang suat lanh Q .: 000 kw hoat déng v@i

thOng s6 nhu sau:

- Nhiét do soi cua lanh chat. NH3 la t. = -15 ¢, hoi hut vé may nén
la hoi bdo hOa kho.

- Ap suat nguwng tu p~ = 14 at, 16ng trwedc van tiét lvu 14 16ng bdo hOa.

" Binh ngui)g giai nhiét bang nudc, nhiét do nudc vao tn =26.C va
nhiét dé nuéc ra t'n = 31.C.

1) Thiét 1ap so dé nguyén ly va do thi T - Scua chu trinh,

2) Tinh: nang sudt nhiét binh ngung QNTkw], cong sudt clla may nén
Nfk vl, hé s6 lam lanh &

3) Tinh lwu lvgng bom nuéc gidi nhiét binh ngung tu Gn[m3/kgl. Khi
tinh toan xem NDR cUa nwéc On= 4,18 kJ”~g dd, Pn = 1000 kg/m 3.
Giai

Trang thdi 1 duoc xac dinh tir 2 théng s6 t =-15 ¢ =ti Xi =1.

1) T bdng thOng s6 nhiét dong cia NH3 (R717) & trang thai bao hOa
tacOt =-15"c -)p.: 2,10 at +» =83,59 kcaldcg, i" = 397,12 kcal/kg

r = 313,5 kcal/kg S=0,9385 kcal*kg d0 S : 2,1532 kcal™kg dé



154 CHUONG

=i* = 397,12 kcal/kg 52,1532= 0 =8 kcal/kgdd

Hinh 8,13
2) Xac dinh béi p2 = 14 at: 82 = 81= 2,1532 kcal/kg do
T badng théong sé nhiét dong cUa NH”~ & trang thai hoi qua nhiét ta
tim duoc:
458,03 = 2 kcallkg 2= 10,1283 in' /kg 110 = 2c¢
3) Xdc dinh b& P3 =P2=14bar X3 =0 (I6ng bao hoa) ta co:
140,39 = 33 = kcal/kg.
4) Sau tiét lwu 14=13: 140,39 kcal/kg
Nang suat lanh riéng -
=1256,73 = 140,39 - 397,12 = 4 - kcaldig
= 256,7x4,18 = 1073,1 kJ/kg
N=317,69 = 140,39 - 758,08 = 32- kcal™g = 1329,94 kJ"g
| = 60,69 = 379,12 - 758,08 = 2- kcal/lkg = 254,8 kj/kg

Luu lvgng lanh chat qua may nén Gic :

P Qo- 800y s akgrs
(o 25673 <19

Qn =G"cX n = 2,34x 1073,13 = 2511,1 kw
Njnn =G/cX/ = 2,34 X 254,8 =596,2 kw

ik = 107313 4,21
| 254.8
QN=G/cXgN =G,Cpn( "n-t',) =2511.1kw

G, = Qn : 2511;! 12015kg/S
OnXxAtn  4,18(31-26)
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= 432534 kg/h

v 19 232334 539 5qvh
P1 1000

8.5. MOt hé thoi)g thiét bi lanli hoat (idiig voi lanh chat NH3 , nhiét d6 soi
clia chat t. 10- .C, hoi hut v may nén la hoi bdo hoa kho, I6ng trudc
tiét lvu luu 1a l1ong bao hoa. Bong hé ap ké & binh ngung chi 13 at, binh
ngui)g gidi nhiét nhiét bang khOng khi, nguoi ta 4o dwoc nhiét do khOng
khi vao t"i 0 15; o«i= 60 , nhiét dé6 khéng khi ra khOi dan ngung tu

2 30" lwlwong quat Vk =12.000 m3/h.

1 VE so do nguyén ly thiét bi lanh.

- 2) Biéu dién chu trinh trén do thi T-S va qua trinh gia nhiét khong
khi qua dan nguwng trén do thi | - d (ghi rO cac thong sb6 co ban).
3) Tinh Qi @ , N,
Khi tinh bd qua cac ton that phu
Paps6 On =S36 kw Q =69,1 kv
N=142 kw 4,8 =

8.6. Cho thiét bi lanh dUng hoi
NII3, chu trinh thé. hién trén

do thi H.8.15. Thiét bi cd cac
thOng s6 nhu sau: Nhiét do

trung binh boc hoi
t\ : - Ib.c, hoi ra khdi dan

lanh la hoi bao hOa kho
X] = 1 Nhiét do ngtng tu
t3 = 20.c. Hay x&c dinh hé
s6 lam |.mh cuda thiét bi.

Dap 66,4 =

§.7. COng suadt ly thuyét cUa may nén NH3 cua thiét bi lanh la
N = 50 kw. Nhiét dd boc hoi cla ti =- 10.C.

Hoi khi ra khoi may nén la hoi bao hOa khé & 20 = 2 .C
Hay xac dinh



156 CHUONG 8

a) Nang suat lanh cla thiét bi Q [kw]|
b) Nang sudt gidi nhiét cta binh ngung Qij fkwl
c) Hé 0. lam lanh e.

s20. 1 Qh

B . 1220

~

! 0¢

N = 50kw

fi=1 ¢
Hiiih 8.16
Pap s6 Qo =391 kw. Qn =441 kw =7,82

8.8. Mot hé thong may lanh hoat dong vé6i lanh chat Freon - 12, cac thOng s6
cUa thiét bi cho trén H.8.17.

i on P2=9 654ba
=0
IV -2
n p =1.51bar
Xi=1
Hinh 8.17

Luu lvgng tudn hoan cua l&nh chat la G = 5 kg/ph.
Xac dinh:

a) Cong suat cta may nén ly tudng N[kw].

b) Nang suat lanh Q |kw]

c) Hé s6"lam lanh e
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Giai
Trude tién phai xac dinh thong " trang thai tai cac diém dac trung
clia chu trinh:

Diém 1. Hoi bao hoa khd R - 12 ¢b = 1,51 bar, tra bang cac tinh
chat nhiét dong cua Freon 12 & trang thai bao hoa co:
Pi - 72 = nhiét do bado hoa twong ng v = - 20.C, cac

thong s6 khac tim duoc nhu sau:
iI’= 117,21 kJ/kg ] = 279,25 kJ/kg r = 162,04 kJ/kg
S' =1,7160 kJ/kg d6 S. = 2,3561 kJ/kg do

Do do:
Piém 1: ti =20.C; =279,25 kJ/kg; r = 162,04 ki/kg
S = § =2,3561 kJ/kg db
Diém 2: 2 = =2,3561 k/kg do
p2 = 9,654 bar

T bang hoi qua nhiét cia R - 12 ¢ng v6i P2 va S2 tim duoc
t2 - 50 C; 12 - 311,62 kJ/kg
Diém 3: La Iong bdo hoa & Py = p3 = 9,654 bar, tra bang céac tinh chét
nhiét dong cta R - 12 & trang thai bdo hoa, tim duwoc:
t2 = 40.C 13 = i = 173,97 ki/kg
84=28" = 19144 kJ/kg do
Piém 4 : 3.4 1a qua trinh tiét lvu nén ij = 13 = 173,97 k/kg

Cong suat cla may nén:

mn = Cx(i2-| VPR " 31162 - 27925) = 2,69 kw

mn = Cx(I2-1.) oh  60s : : =2,

Nang suat lanh:

Q. = G ((ij-14) = A650 (27925 173.97) =877 kw = 7558,98 kcal/h
v60y

He s&1am lanh: e = -4A% — 10528 _ 5.
v ~h 32.37
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8.9. May lanh st dung lanh chdt R 22, cac thong 0. va chu trinh cho trén
H.8.18 va H.8.19

Xéac dinh: a) Cong sudt may nén
b) Nang suéat lanh

c) Hé s6 lam lanh

Pap sc:a) N = 7,88 kw

b)Q =285 kw

c) e =36

8.10. Cho chu trinh may lanh hoat dong v6i ldnh cha R - 12, 4p suat ngung

hoi 1a Pn = 9,654 bar, khong c6 qua lanh. Hoi ra khéi dan lanh vao may
nén la hoi bdo hoa khd (H.8.20).
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Nhiét do bot hoi th .y doi trong la Iitidag hop sau:
t :~-100C; t° =-30"C wva t" =-40c

Xac dinh hé s6 lam lanh va nang sudt lanh cla cac trvong hop trén, cho
biét lvu lwgng tuan hoan cuia ldnh chat trong chu trinh G = 3kg/ph.

Giai
Trang thai i: Xét ba truong hop sau:
a t =-10c; p =21915 bar, I = = 283,85 kJ/kg
Sl = G'= 23497 kj/kg dob
b) ¢ =-30c; p =1,0047 bar; = 274,56 kj/kg
=2,3640 kJ/k§ do
C) t+ =-40°C; p =0,64296 bar; ii. = 269,82 kJ/kg

Sjc = 2,3738 kJ/kg do
Trmang th&i 2: p9 = 9,654 bar Sj = S9 do d6 tim duwgc cac thdong
tvong (ng tr bang hoi qua nhiét R - 12:
l2a = 307,93 kJ/lkg t 45 ¢
I2b = 315,28 kd/kg t =55¢c
12 318,93kJ/kg t =60 c

Trang thai 3: 1a long bdo hoa & ap suat p = 9,654 bar

g = 40 c 3 = 173,97 kJ/kg

S = 19141 k/kg do

Trang théi 4: 3-4 la qua trinh tiét lvu nén 13 = K
45 = a = ac = 17397 kJ/kg

Ndang suét lanh duwoc tinh.

Q. = (i1-14)

(3 283,85 - 173,97)= 5,49 kw
a) Qoa V60, ( ) ) ) )
b b /3_ (274,56 - 173,97) = 5,02 k\v
) Q@b g0y | !

/ Q\
c) Qo 50 (269,82 - 173,97) = 4,79 kw
Hé s6 lam lanh:

h- 1

e =



160

2) o = 283.85-173,97
307.93-283,85

% = 274,56-173,97
315,28-274,56

269,82-173,97

318,93-269,82

CHUONG 8

109,88

2408 - 40
100,59

Y 547
4072
985 _ o
49.11

Tl day ta c6 thé nhan thay rang, néu &p suat ngung tu ciia may lanh
gilt khong d6i thi dan dén néu ap sudt soi (ap sud't bd'c hoi) cang giam ning

suat lanh va hé s6 lam lanh giam.

8.11. Chu trinh thiét bi lanh ly twédng twong tw bai 8.10, néu nhiét dd soi
khong thay déi t. =- 20.C, trang thai hoi hit vé may nén la hoi béo

hoa kho (X = 1).

Xac dinh hé s6 lam lanh, ndang suat lanh khi nhiét do ngung tu thay doi

trong ba trwong hop sau: tfj = 30 c,

(H.8.21)

Giai

t[j = 40.C va t'j. = 50 c

Trang thai 1. la hoi bdo hoa khé R - 12 c6 nhiét dd séi tj = 20 °c.

Tuwong ty bai 8.10 ta tim duoc:

p = 1,5093 bar = 1”7 = 279,25 kj/kg

Si = §"

Trang thai 2: a) p

2,3561 kJ/kg do
7,4806 bar — i,j = 307,7 kJ/kg
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1= & b p = 9654bar > I2b
C) p = 12258 bar " io

Trang thai 3: la trang thai long bao hoa.

\'cl

311,62 kJ/k
317,14 kJ/kg

a) p = 7,4.bar 56 sa = 163,64 k-J/Kkg
b) p = 9,6544 bar 3 = 173,97 k.J/kg
C) p - 12,258 bar - s = kJZkg 184,77
Trang thai 4. 3-4 1a qua trinh tiét wu 43 =
a) 4 = 3 = 163.64 kl/kg
b) 40 = 3b= 173,97 kJ/kg
C) 4 = 3 = hjkg7 ,184
Hé s6 lan) lanh ducc tinh:
;. dri)
2- 1
2 _ la 4 — 279,25-163,64 115,61
3 22 | 30,7-279,25 28,45
a & 279,25-173.97 105,28
= 3,25
b b 279,25-2.79.25 32.37
— e~ 4& — 279,25-184,77 94.4
0 5. 1 317,14-279,25 37,9
Nang suvat lanh
G = Q(i-i
a) = (-,)= (279,25 - 163,64) = 5,78 kw
.60
b) Qb = ( - 4) = (279,25- 173,97) = 5)26 kv
Uoy
= 472 kv

c) Qc= G(ij-l4c) = (60 (279,25 - 184,77)

Qua két qua chUng ta @thé nhan thdy rang khi ap suét ngiing tu tang

(nhiét d6 ngUiig tang) thi hé s6 lam lanh gidm, nang suat lanh cUng bi

giam.

8.12. Chu trinh may lanh mot cdp tuong tw bai 8.11 hoat adng véi lanh, chat

R - 22, cac thOng s6 chu trinh cho trén H.8.22
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Xac dinh nang sudt lanh Q , hé s8'lam lanh, cho biét lvu lvgng tuan
hoan cla lanh chat G = 0,5 kg/s
Pap 8% a) P2 =10 bar; Q =188,5 kw; e =114
b) P2 =20bar; Q =7058kw; e =483
8.13. Chu trinh may lanh ly twédng hoat ddng véi lanh chad"t R-12, cac thong 0"
hoat dong da cho trén H.8.23. Luu lwong tuan hoan cua lanh chat
G =0,4 kgls.
Xac dinh: a) Cong sud"t may nén
b) Nang sud"t lanh
d) Nang sudt gidi nhiét cta binh ngung
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Gia

Trang théi i: La hoi bdo hoa khd (ng 6i nhiét do boc hoi
t] - - 10 :, tra bhng cac tinh chat nhiét dong cua R-12 bao hoa & phan phu
luc tiin duoc:

1 1" 283,85 kdJ/kg 8 = 52,3497 . kJ~™ do,

Trang thai 22 La hoi w4 nhiét ¢c6 P2 = 13,735 bar, tra bang caC tinh
chot nhiét dong cua hoi qua nhiét R -12 tim dwoc: Nhiét d6 bdo hoa twong
tng tg = 55.C

t2 = 65 c: 2 = 13,46 lit/kg; 316,84 = 2 kJ/kg
2,3496 = 2 klJ/kg do

Trang thai 3: O thé xem gan dUng nhu 16ng bao hOa c6 nhiét do twong
wng, 3 I' (40.C), tra bang cac tinh chat nhiét dong cla R -12 bdo hOa
tim duoc:

173,97 = 3 kJ/kg
Trang thai 4: 3 - 4 la qua trinh tiét luvu nén:
173,97 4 3 kdlkg

a) Cong suat may nén:
N = G(2-ii) = 0,5(316,84 - 283,85) = 16,5 kw
b) Nang suéat lanh:
Q = G (ii-54,94 = (173,97 283,85) 05 = (4 kw
c) Hé sé'lam lanh:
283,85-173,88 " 109,88 - 333
2- . 316,84- 283,85 " 33
Néu léng R -12 khollg duoc qua lanh dén trang thdi 3 (40.0 ma la
I6ng bdo hOa & trang thai 3 (55.0 thi:
ki*kg 190,39 : 3
a) Cong clUa may nén
N 0(2- )= kw165 = (283,85 - 316,84) 0,5
b) Nang suat lanh
Qo = (1- 4) kw 46,73 = (190,39 - 283,85) 0,5

£) Hé s lam lanh

11-14 ~ . - 283,85-190,39 283
1- 316,84-283,85
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Nhéan xét:
Néu léng vao van tiét lvu khéng dwgc qua lanh xudng dén 40.C thi hé

s6 lam lanh giam tir 3,33 xubng con 2,83.

8.14.

Nang sua't lanh bi giam
gl-Q'o ~ 54,94-46,73 " 8,21
Q. 54,44 54,94
= 0,149 = 15%
Ve tri so'tuyét doi thi sut
AQ. = Qo-Q.0 = 8,21 kw

So do6 nguyén ly thiét bi twong tw bai 8.13 nhungIndy van hanh voi
R - 22, 4p sudt P2 = 22 bar, cac thong* s6 khac van gilr nhu ci

(t3 =40 ¢, ti = -10.C).

8.15.

Xac dinh: a) Cong suat ciia may nén
b) Nang suat lanh va hé sé lam larih.
c) Nang sudt giadi nhTét cta binh ngung.
Cho biét lvu lvong tuan hoan cuda larih chdt R - 22 sé la G = 1 kg/s
Pap s0: a) Cong sud't may nén N = 46,74kw
b) Nang sudt lanh Qo = 151 kw
c) Hé s6 lam lanh e = 3,23
So do nguyén ly thiét bi lanh gian ti€ép dung hoi NH. thé hién trén
H.8.24. Hoi vao may nén c6 nhiét do ti = -15.C, sau khi nén doan
nhiét trong may nén hoi ra la hoi bdo hoa khé (X2 = 1) ¢c6 nhiét do
t2 = -15.C duoc day vao binh ngung tu, hoi ngung tu thanh 1édng béo

hoa nho nudc giai nhiét bom qua binh ngung, nwéc gidi nhiét ¢ nhiét doé
vao t n = 9.C va nhiét do ra t'n = 14.C. Long bdo hoa tir binh ngung

chdy qua van tiét lwu vao binh lam lanh, nhiét d6 ha xudng
tj = t4 =-15.C. Chat tai lanh & binh lam lanh la nuwéc mudi c6 nhiét

dovao tj. =- 2.C va nhiét db ra =“ 5C.

Hay xac dinh:

a) Cong ly thuyét cltia dong co

b) Luu lwvgng nuéc lam mat binh ngwng va chat tai lanh.
Cho biét: Nang sudt lanh cla thiét bi Q. = 600 kw
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Nhiét dung riéng cla nuéc muda an = 4.19 kJ/kg dob
2

Hinh 8.24
Giai
Cong may nén tiéu thu:
im0 2~ h
Tl bang cac thong s6 nhiét
dong cla NH3 & trang thai bdo hoa

tim duoc:

ts = t, = 13 15.C
P = P? = 427< at

i2 = i, = 404,99 kcal/kg
g = 1, = 116,72 kcal/kg,

T = 288,27 kcal/kg
S2 = S" = 2,0598 kcal/kg.do
Diéu kién trong binh bbc hoi:

tj = -15.C ps = Pi =2410at, ii = 83,59 kcal/kg
'] =397,12 kcal/kg, r313,53 = kcal/kg
S't =0,9385 kcal/kgdo, S"j =2,1532 kcal/kgdd

Qua trinh 3-4 la qua trinh tiét luu, do do;
B = 14= 116,72 kcal/kg
Trang thai 1 la hoi am cd Sj = S2, ta tim duoc

Si-S' _ 2,0598-0,9385 " 1,1213 ~ 92
s-S't " 2,1532-0,9385 “ 12147 m ’

x>
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i = ii+riXi = 83,59 + 313,53 x 0,92 = 372 kcal/kg
Do do:

/! 7
Nang suat lanh g ;
q. = ji-14 =372 - 116,72 = 255,28 kcal/kg = 1067 kJ/kg

404,99 - 372 = 32,99 kcal/kg

Luu lwgng tuan hoan cda lanh chat dwogc tinh:

= 0,562 kg/s
q 1067

Cong suat ly thuyét cua dong co:
N/ = GxI™ = 0,562 (32,99 x 4,18) =77,5 kw

"G

tm = 14.C

| 3
Xét can bang nang lvong cla binh ngung tu
- Qi i pnn“'n = a = Qn i1~ a - 3 2
= x 4,18) = 677,19 kw 288,27) 0,562

Luwu lvgng nuwdc giai nhiét cta binh ngwng
Q. _ 677,19

= 32,4 kgls
Cpn(t",,-t'n) 4,18(14-9) ]
Xét s can bang nang lugng clia binh boc hoi
G.
Gm
t. =5¢
-2.C
1
600
G @ = 47,7 kgls
T cpm(motrmy  419[(-2)-(-5)]

8.16. Thiét bi lanh c6 nang suat lam lanh Q = 290 kw. Nhiét do boic hoi
tj =- 15.C, hoi khi vao may nen la hoi bdo hoa khd. Nhiét do ngung
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tu cla hoi NH3 la t3 = 25", nhiét do cla 16ng NH3 khi vao van tiét

lvu c6 nhiét do t’ =20 c. Xac dinh hé s6 lam lanh, cong suat ly thuyét
cla ddng co va nang suat gidi nhiét cta binh ngung tu.

Pap s6: e =54 N =53,6 kw

Qn = 343,6 kw

8.17. MOt may diéu Ihoa nhiét dd lam viéc voi lanh chat R - 22, cac diéu kién
lam viéc cho nhu sau;
Nhiét dé ngung tu: = 42°C
Nhiét dé boc hoi: th=o0.c
Nhiét do qua lanh: ti =35.C
Nhiét d6 qua nhiét : ti =7.C
Théng sb cla may nén:
Buong kinh piston: D =75 mm
Hanh trinh piston: S =62 mm
' piston: z =38
S6 vong quay ciia may nen: n = 1450 vong/ph
Xac dinh: a) Thong so*tai cac diém déc trwng cla chu trinh
b) Nang suat lanh cia may Q.
¢) Nang suat giai nhiét cta binh ngung Qjj
d) Cong sud't t.iéu hao cia may nén N
e) Hé s6 lam lanh e
Giai
Trén co s& cac thong sd nhiét dong (la cho ching ta xay dwng do thi
T - s cla chu trinh

T badng cac timh chat nhiét dong cla R-22 tim dwoc thong sO tai cac
diém dac treng nhu .sau:
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Biém () p(ba) i(kd/kg) V (m3/kg)
1 0 4.9 704.28 46,98 .10
1 7 4.9 709.38 48,54.10-3
2 68 16.1 739.40 17,06.10-3
2 42 16.1 715.89 14,32.10-3
3 42 16.1 551.98 0,89.10-3
4 36 16.1 542.88 0,866.10-3
5 0 4.9 542.88

Thong thuong trong cac may diéu hoa nhiét do viéc qua lanh ldng béo
hoa dugc thwc hién bédi hoi lanh ra khdi dan bdc hoi qua binh hoi nhiét va
sau dOvao may nén (vi may nén yéu cau hoi vao la hoi qua nhiét), do do ta
Co:

q. = 704,28 - 542,88 = 161,4 kj/kg
N = 5. 4 739,4 - 542,88 - 196,52 kJ/Kg
| = 5. 1 = 739,4 - 709,38 - 30,02 kJ/kg

161,4
£” = = 5,349
I 30,02

Tw cac thong s6 cUa may nén da cho & trén tinh dugc:
Thé' tich quét cla piston:

\VARE E.xSxei6(m3/s) = 11E x0.062x8x! =00527/s
i 0 " 4 60
Luvu lwgng tac nhan hut vao may nén tai diém 1 la:
_ Vi OS2 ) g kg
Git = 0,04854 o0 KO°

Nang suat lanh ly thuyét Q :
Q. = G/tXq =1,089 x 1614 = 175,76 kw = 151155,2 kcal/h
Ndang suét gidi nhiét cta binh ngung Qn:
Qn = G; xgN = 1089 x 196,52 = 214,02 kw = 184050,88 kcal/h
Néu binh ngung la loai vd boc chUm dng dOng nwdc dé giai nhiét voi
nhiét do nwéc vao tn = 30 c, nhiét do nwéc ra t n= 35 c thl lvu luong
bom nudc giadi nhiét cta binh ngung sé Ia:
Qn = GnCpn(tn-I'n)
trong d6: Gn - iuw lvong nwdc cia bom (kg/s)
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cpn - nhiét dung riéng cter nwdéc (cpn 4,18 kJZkg dob)

Gn Qn ~ 2140

10,24  kg/s 36864,7 kg/h
o ( n tny  418(3.5-30)

Néu xein p = 1000 kg/in"* thl:
36864.7
1000
COng suét, ly thuyét cUa may nén N/ :

Nt = Gt = 1,089 x 30,02 =32,7 kw

= 36,865 iu3/b

8.18. Mot may lanh st dung lanh chda R - 12. Nh ét ad bdc hoi cUa lanh chat
& dan lanh w = -20.C, nhiét d ngm"g tu cla lanh chat

In =40 c. Lwong lanh chat tuan hoan cUa may la 0,03 kg/s.
Xac dinh: a) Nang suéat lanh cUa may qo
b) Nhiét thai cta binh ngung Qk

¢) Coéng tiéu hao clia may nén

Pap s6' Qo = 3,16 kw, = 4,13 kw, N =1 kw
8.19. May lanh 1 cép s dung lanh chat van hanh trong cac diéu kién sau:
Nhiét do ngung tu t* =30.C Nhiét dd boc hoi t. = 10.C
Nhiét d0 ua lanh to/ =26 C Nhiét do qua nhiét tj) =0C
Xac dinh: - ThOng s6 tai cac diém dac trwng

Nang suat lanh riéng q.

Nang sud't gidi nhiét binh ngwng Qn

COng tiéu hao cta may nén 1
Hé sb lam lanh £
Pép s6 q = 1150 kizkg, = = 1364 ki/kg, | = 214 kJ"g, € =54

8.20. May lanh 1 cdp st dung ldnh chat R 12 voi cac théng s6 sau:
Nhiét do boc hoi t. =-20 ¢
Nhiét do nguirgtu t" =+25 ¢
Nhiét d6 qua nhiét tgn =+ 10.C

Nhiét lugng dUng dé qua nhiét hoi Ianh chat trwvéc khi v& may nén la do
I6ng clia l1anh chat bi qua lanh nha ra.

Xac dinh:
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- Thong sd"tai cac diém dac trwng cla chu trinh.
- Nang suat lanh riéng g

- Nang suat gidi nhiét cua binh ngung q j
- Cong sudt tiéu hao clia may nén 1
- Hé so lam lanh e
- Biéu dién chu trinh trén dd thi T-Sva i “s.
bap s6 q. = 138 kJ/kg; qj| = 166 kJ/kg, | =28 kJ/kg; e = 4,95
8.21. May l1anh 1 cdp 1am viéc v6i linh chit NH3.

Céc thong s0'thiét bi nhu sau:
Nang sud"t lanh cia may Q = 273.000 w

Nhiét do boc hoi ¢ --10c
Nhiét do ngung tu tfj = 30.C
Nhiét doé qua lanh g =+ 25.C
Nhiét do qua nhiét =- 5¢
Xac dinh:

- Théng sb. tai cac diém dac trung.
- Tinh lvu lvgng tuan hoan cia lanh cha
Nang sud"t gidi nhiét cta binh ngung.
Pap s6: G = 0,238 kg/s Q| =315 kw

8.22. May nén lanh c6 théng s6 nhu sau:
Pbuong kinh xylanh D = 63 mm
Hanh trinh piston S =50 mm
S6' xylanh Z=0
To'c do quay n = 1450 vg/ph
Lanh cha't cong tac la R - 12
Diéu kién lam viéc cla thiét bi nhu sau:
Nhiét do ngung tu t» = 40.C
Nhiét dd bd"c hoi t =-10.C
Nhiét do qua lanh tq = 30.C
Nhiét d6 qua nhiét hoi lanh chd"t tg" = 5C

Xac dinh:
Nang sud"t lanh ly thuyét Q [kcal/h)
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- Nang suat giai nhiét cLia binh ngung Qx [kcal/hl
- Cong sud't may nén N[k v.
- Thong so' tai cac diém ddc trwng
Péap s6: Qo =29.000 kcal*h, on = 35.000 kcal/h; N = 7 kw

8.23. van may nén “anh c6 thong sO n.hw bai 8.22, cac diéu kién hoat dong
ctia chu trinh van nhu cU nhm~g lanh chdt R-12 dwgc thay bang ldnh
chat R - 22 thl cOng suat dong cuw, nang suat lanh riéng va nhiét thai
qua binh ngwng thay déi thé nao? Cé nhan xét gl qua sw so sanh nay.

Pap s6: 001 v6i R - 22: . = 163,9 kiZkg

q" = 201,14 kJZkg; | =39,5 kJ"*g

8.24. M6t may lanh hai cdp lam lanh trung gian khéng hoan toan hoat déng
theo so do nguyén ly nhv hinh vé&, 1dnh chéat st dung la R.22. Céac thOng
sO co ban cUa thiét bi nhw sau:

- Nhiét do ngung tu t* = 40.C
Nhiét do boc hoi t. - -40.C
- Lam lanh trung gimi cOdd chénh nhiét d6 ~t=6 c ,dd quanhiét clta hoi
hut vao cop néi) ha ap at': 30.C . Nang sudt lai*h cua thiét bi: Qo = 15kw

a) Tinh cong suat tiéu hao cda may nén N, nang suat gidi nhiét binh
ngung Qk, hé soé'lam lanh

b) Néu dUng may nén mot clip tKk =40 c, t =-40.C, nhiét do qua
lanh t ~=35 C, nhiét d0 quh nhiét tgn =-10.C thi cac két qua tiéu hao

nang lvong thé' nao.

Pk

Hinh 4.25
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Giai
1) Ap suat ngung tu Pk. T =40 ¢ tir bang tinh chat nhiét déng
cla R-22 ¢ trang thai bdo hoa P= 15,3 bar (c6 thé dung do thi /gp-i)
Ap suét bd'c hoi p : t. =-40 -~p =1,1 bar
Ap sudt trung gian Pj : pN = /15,3x1,1 =4,1 bar
Nhiét do trung gian tg : Pji =4,1 bar tg=-6 C
ty =tg+At =-6 +6 =0c
ti =t +At. = (-40) +30 =-10.C
2) Can ctr bang tinh chat nhiét dong hoac do thi Zgp-i cla R-22
ta tim duwoc:
i = 406kJ/Kg; Vi =0,23 m~/kg ; i2 = 437 kl/kg
15 =16 = 249 kj/kg; 13. = 402 kJ/kg i = 388 kJ/kg
iy =200 kJ/kg; 3=19=iy+i - =200 + 388 - 406 = 182 kj/kg

3) Tinh vé nhiét dong hoc:
Luu khoi lvgng dong hoi g.a binh béc hoi (BH):

Q0 — = 0,073 kg/s
€2 =40-]y 388-182 J

Liiu lvong khOi lvong dOng hoi qua van tiét lvu 1 (TLI):

0 2(5~¢)=G 1( 6 3.- )

Gri:Gr2-§<"L6 =0,073 ?‘:‘ELZQQ :0.023kg/s
- 402-249

Xét xylanh cao ap (XCA):

0 22 3=(0 0 2)3 0 3
GT212 4vGriii  (0,073x437)7(0,023x402) 428k J/kg
G. 0,073 +0,021

T pm= 4,1 bar va 428 =3 kJ/kg -+ tim dwgc V3 =0,068m3/kg
T Pk, 83=84 -> tim dwoc 466 = 4 kJ/kgT t4 =98 c

Ndng suéat giai nhiét binh ngung Qk:

Qk =(G i+G 2)(i4- 20,8 = 249 - 466)(0,073 + 0,023) =(5 kw
Lwu lvgng thé tich dUng hoi hUt vao xylanh ha .ap (XHA):
V1=G 2 i=0,073 x0,23 =0,0168 m3/s

L n lwgng thé tich dOng hoi hUt vao xylanh cao &p (XCA):
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Vf, © 0 .y :(fo073)x0 068 =0 (il065M3/k(o 23

V2 0.0065
Cong sui t tiéu hao cho xylanh hi dp XHA; Ni -
NI =Gf2(i2-ii) =0.073(437 - 406y —2,26 KW
Cong sui t t éu hao cho xylanh cao ap XCA, N2
N2 =(Gfi tC 2)d4- 13): (0,023 +0.073X466 - 428, — 3,65 kW
HE 3 lam linii t-

= 2.54

1202 2264365
Thong qua diéin o ta ¢d thi bt —9.11.
4y Niu dUiig may nén mit cé p:

t2=129 ¢ X, =041

06 454 4
)  485-40 N

N - = o, =735 kw
J0i vii may linh hai ¢ via tinh i trén ta c0
N =Nj+N2 =226 - 3,65 =5,91 kw

A 1. -08.
N 7.35
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8.25. ivldy lanh diéu hoa nhiét dd s dung R - 22, nang suat lanh cula thiét bi
Q =500 tén lanh, s dung may nén ly tam hai cép, hoi l&nh chéat hui

vé may nén la hoi bdo hoa khd, qua trinh nén xem nhu doan nhiét, cac
thong so khac thé hién trén H.8.26.

Xac dinh: a) Thong so tai cac diém dac trung
b) Nang sudt gidi nhiét cta binh ngung
c) Cong tiéu hao cla may nén.
d) Hé s6"lam lanh
Giai
a) Voi cac thong 0" chinh da cho trén ta tinh dwoc ap sudt cla tang
trung gian cla may nén:
Pty = VpnPo = VI6X5 O9bar

Do thi T s c6 dang sau:
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duoc;

Tl bang cac thong :i6 nhiét dong clia R - 22 & trang thai bdo hoa tim

Piém 1: la hoi bao hoa kho cd p rr = 5 bar

ti - o.c = 704,28 kJ/kg

Si = 1,7479 kJ/kgdo
Piém 2: Qua trinh nén 1 -2 xem nhuw nén doan nhiét nén

S2 = Si = 1,7479 ki/kg do
TU bang céac thdng sd nhiét ddong R 22 & trang thai bao hoa:
Ptg = P2 A bar tim dugc;
i' = 524,05 kJ/kg i" = 710,94 kJ/kg r = 186,89 kJ/kg

1,0838 kJ/kg do S. = 1,7213 kJ/kg.dd
Trang thai 2 la hoi qua nhiét, tir bang cac thong s8' nhiét dong cla hoi

S

qua nhiét R 22 ta co:

hoi:

S2 = 17479 kl/kg 0 tg - 30.C 2 - 719,33 kJ/kg
Piém 7: la hoi bdo hoa khd, Iy = 719,33 kJ/kg
Diém 8: la 1dng bdo hoa, ig = 524,05 kJ/kg

Diém 9: Qua trinh 8 9 la qua trinh tiét luu.
Diém 5: Léng bdo hoa P. = 16 bar tg 42.C

I5 = i. = 551,98 ki/kg i. = 715,89 ki/kg
r = 163,91 kJ/kg S’ = 1,1737 kl/kg do
S" = 1,6938 kJ/kg do
Piém 5.(35 C); 15 = 542,88 ki/kg do
Diém 6 : ig = Is. 542,88 kJ/kg
8 542,88-524,05 18,83 01
i7-i8 710,94-524,05 186,89

Piém 3: Entanpi clia diém 3 dugc xac dinh bdi sw hoa tron cla 2 dong

Dong long 1 kg sau khi qua TLI vao binh trung gian sé bi phéan ly,

phan hoi bdo hoa X kg c6 entanpi 17 duwoc hat vé hoa trén voi dong hoi (1 -
X) kg ra khoi phan nén thd"p &p c6 entanpi 12dé tao thanh hon hop co
entanpi 1. dua vao tang nén cao ap.
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Dods; ig = (1- x 2+X7 = 0,9 x 719,33 + 0,1 x 710,94 - 718,48 kj/kg
T badng hoi qua nhiét véi pg = 9 bar tim dwoc tg = 29 ¢
Sy = 1,748 kl/kg dd
Diém 4: 3 - 4 la qua trinh nén doan nhiét:
Sy S4 = 1,748 kJ/kg dd
T bang hoi qua nhiét R-22 v&i p =16 bar s« = Sgtim duwoc
i4 60.C; 14 = 732,97 ki/kg
Nang sud't lanh riéng q :
q = (1-x)(ii-ig) = (10,1) (704,28 - 524,05) = 162,2 kj/kg
Cong tiéu hao dé nén:
I = (1 -Xx) (I12-1i) +(l4 -ig)
= (1 - 0,1)(719,33 - 704,28) + (732,97 - 718,48)
= 13,55 + 14,49 = 28,04 kl/kg
Luvu lwvgng tuan hoan cua lanh chat G (kg/s):
1 tan lanh My = 3000 kcal/h
1 ta'n lanh Nhat Ban = 3320 kcal/h

Q = Gqg. " G=1"
500x(3000x4,18)
162,2x3600

b) Nang suéat giai nhiét binh ngung:
On = G(i4-15) =10,74 (732,97 - 542,88)
= 10,74 x 190,09 = 2041,56 kw

G = 10,74kg/s

9



CHU m iM THIET BI LANH 177

c) Cong suat nén ly thuyét:
N/ = Gx/ = 10,74 X 28,04 = 301,15 kw

d) Hé 36 lam lanh £:
A N 162,2
A / 28,4

5,78

8.26. Thiét bi lanh cd thdng s6 hoat dong twong tv bai 8.25 nhwng st dung
may nén mot cap va khéng co6 quia lanh 1éng.
a) Xac dinh théng sb tai cac diéim dac trung.

b) Tinh cdng suat cla may nén va hé sb. lam lanh.
Péap s6: N = 327,7 kw

€ =5,32

8.2V. May lanh hai cép st dung R - 12, cac thdng sé can thiét cho trén H.8.28

Hinh 8.28

Xac dinh: a) Nang suat lanh cla may
b) Nang suat gidi nhiét cta binh ngung.
c) Cong sudt ly thuyét cia may nén.

Cho biét: Qua trinh nén xem nhu nhiét, luu. lvgng tudn hoan cua

lanh chat G =1,5 kg/s.
Pap s6: a) Qo = 143,79 kw

b) Qn - 207 kw
c) N/t =63,37 kw
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8.28. Cho chu trinh thiét bi lanh mot cdp s dung R - 22, cac thong so' yéu
cau cho tré.i H.8.29
Xac dinh: a) Nang suéat lanh cha thiét bi
b) Céng suat ly thuyét cia may nén
c) Nang suéat gidi nhiét cta binh ngung
d) Tinh hé sé6 lam lanh va vé d6 thi T - s
Cho biét lvu lvgng tuan hoan cua lanh chat G =20 kg/ph.

Qua trinh nén xem nhw doan nhiét

Hinh 8,29

Dap s0" a) Qo = 56,49 kw
b) N/t = 10,54 kw

c) Qn =67 kw

d) e =536

8.29. Chu trinh bom nhiét hoat dong vo6i )mdi chat R-12. Cac théng sé can
thiét cho trén H.8.30.
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Xac diinh: a) Cong suat ly thuyét cia may nén
b) Hé 5"si dung nang lwong

Cho b.0ét Qn = 200 kw
Giai

Diém 1 la hoi bdo hoa kho o ti = t 7 - ¢, tir bang céc tinh chat
nhiét dong; cra R - 12 & trang thai bdo hoa tim duwoc:
2,4363 bar; = i" = 285,21 kj/kg
Si = S" = 2,3481 kfj/kg do

Diém 2 :Qua trinh nén 1 - 2 xem la qua trinh doan nhiét ly tvdng nén
S: = Si = 2,3481 kj/kg (16, P2 = 9,654 bar. Tir bang cac tinh chat nhiét
dong cua h.oi qua nhiét R - 12 ta co:
i2 = 48.C ; . =309,78 kJ/kg
Piém .3 1a trang thai léng bdo hoa P3 =9,654 bar, va 13= 173,97 kJ/k
Diém 4 : Qua trinh 5 - 4 la qua trinh tiét lvu nén 11 = 13 = 173,97 kJ/kg

T cac s0'liéu trén tim duoc:

qg = 11-14=285,21 - 173,97 = 111,24kJ/kg
= 1,-13=309,78 - 173,97 = 135,81kJ/kg
[ = 12-11=309,78 - 28521 = 24,57kJ/kg

Lvu lutong tuan hoan cla lanh chat tim duoc:
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G = C&h 1::(;1 = 1,4726 kgs

a) Cong sua ly thuyét clla may nén:
Nu = G X1= 36,18 kw

b) Hé s6 sir dung nang luong:

_ Qi _ Qn _ 200 — 6 52

Sz N, 36,18 ’

8.30. So do6 nguyén ly hoat dong clia bom nhiét twong tw bai 8.29, mdi chat

hoat dong cla thiét bi van 1a R - 12, Qj =200 kw. nhung cho may hoat
dong vi thong sé khac: Pn =8,5167 barvat =o0.c

a) Xac dinh cong suat tiéu hao clia may nén, hé sb sir dung nang luong.

b) C6 nhan xét gi khi thay doi thong so' clia chu trinh so véi bai 8.29 khi
co6 cung muc dich.
Paps6; a) N =1777; 1 =7,72

b) So véi truong hop bai 8.29 cbng suéat tiéu hao cho may nén giam
28,5% (10,31 kw).



