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Cac qua trinh co ma sat cua khi Iy tuong

TS NGUYEN MANH THUGNG
ThS NGUYEN VAN HAI

Truong Pai hoc Hang hai Viét Nam

Cac qua trinh nhiét dong dugc xét trong mon hoc Nhiét ki thuat chi yéu 13 cac qua trinh
can bang (khdng cd ma sat trong). Céc tai liéu [1, 3] xét cac qua trinh ¢c6 ma sat doi
vdi khi Iy twéng, tuy nhién chua cu thé cho céc trudng hgp khac nhau (nhu dong chat
long khong sinh cong ngoai) va chua cho biét cach xac dinh ton that cong cho ma sat
trong thuc t&. Bai bao nay sé gop phan bd sung van dé néu trén.

DPROCESSES
WITH FRICTION OF
IDEAL GASES

Summary

Thermodynamic
processes researched in
thermal engineering are
basically in equilibrium

(without internal friction).
In [1, 3], the processes
with friction for ideal
gases were presented, but
not detaily and sufficiently
enough for different

cases (such as for flows
without external work)
and did not show the

way of determining lost
work energy for friction

in practice. The aim of
this article is to consider
these problems.
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Datvan dé

Trong nhiét dong hoc co s§ chli y&u xét cdc qua trinh cin bing, trong d6
khong c6 cic ton thi't cong do tinh khong thuin nghich. Cdc qué trinh thuc t&
déu Ia cdc qué trinh khong thuin nghich, cho nén, cong thuc t€ ma chat cong
tac thuc hién dugc nhd hon so véi cong 1y thuyét & qud trinh thuin nghich. €
x€ét t6i dnh hudng do khong thuin nghich, ngudi ta st dung khdi niém hiéu
sudt trong tuong doi va tinh cong thuc t&€ hé thyc hién dugc bing tich cong clia
qud trinh thuan nghich vé6i hiéu suit trong tuong ddi nay. Tuy vay, bién phip
nay khong cho phép xac dinh cdc dai lugng nidng lugng nhu: ndi nhi€t ning U,
entanpi I § cdc trang thdi trung gian, nhiét lugng trao ddi Q ciing nhu cho biét
mdi quan hé clia cdc thdng s6 trang thdi § dau va cudi qua trinh nhiét dong (khi
trang thdi cAn bing dugc thi€t 1ap).

Trong [1, 3] d4 xét tdi cac van dé néu trén, nhung chua cu thé va ddy di cho
cic trudng hop khac nhau ciing nhu chua cho bi€t cdch xdc dinh t6n hao cong
trong thuc t€ bing phuong phép giai tich. Bai bdo trinh bay cdch xdc dinh hiéu
sudt clia qua trinh va tdn thit cong trong qua trinh thuc t&.

Noi dung nghién ctiu

Trong tinh todn thyc t€, ngudi ta thudng tinh cong thuc t&€ (/- hay con goi la
cong chi thi) bing tich clia cong trong qud trinh thuin nghich (1) v6i hiéu suit
trong tuong ddi 7 :

L=l ()
va chi ¢6 thé biéu dién dugc qud trinh thudn nghich trén db thi trang thai, dudng
nay khong di qua cdc trang thdi trung gian thyc t€ ma hé trdi qua.

Trong thuc t&€, ngoai viéc xdc dinh cong va nhiét clia qud trinh, doi khi con
quan tAm t&i cdc thong s& trang thdi clia chi't cong tdc & nhitng di€m dic biét
(nhiét do va 4p suit chit cong tdc cudi qud trinh nén). Theo cdch xét trén thi
khong thod min dudc cdc yéu cAu nay.

Dé xét t6i ma st (trong va ngoii), ta gid s phan cong dugc chuyén thanh
ning lugng & dang nhiétla [ , va cé:
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Lus= Gms, hay dln= O¢ms (a)
trong d0, gms 1a nhiét luong do ma sat sinh ra.

Véi cac ky hiéu nhu vdy, ta co thé viét cac dang
phuong trinh DPinh luat nhi¢t dong I cho cac qua trinh
khong thuan nghich nhu sau:

- Véi hé kin: dg=du+5l,, (b)

- V6i hé ho: 8q=di+dl ()

Bo sung (a) vao hai vé ciia (b) va (b'), trong d6 ky hiéu
cac dai luong tuong ung vdi qua trinh trong dong chay co
diu phéy trén, thu dugc cac phuong trinh tuong tng cho
hé kin va ho nhu sau:

0q TG ms=du+0/gntd /s (c)

0q+0q ms=ditoltdl s (¢’

Tong 8lgy+dlns va dlt+dl’y 12 tong toan bd cong ngoai
h¢ co thé sinh ra trong qua trinh thuan nghich, trong do,
nhiét luong riéng hé nhan tr moéi truong bang Sq+8¢ums
hodc 8q+3¢'ms mot cach twong ung. Do do, trong cac qua
trinh nay ¢6 thé coi:

Slgtdls=Pdv (d)

Slytd!'m=-vdP (d)
trong do, P va v s& 1a cac thong sb trang thai thyc & trang
thai cdn bang trung gian (néu nhu ché d¢ nay kip thoi dwoc

thiét 1ap) vi gia thiét cac qué trinh nay 13 qua trinh thudn

nghich.
Nhu vay, ¢ thé viét:
0q+0qus=du+Pdv (e)
0q+0q'ns=di — vdP (e

Ta dinh nghia hi¢u suét cua qua trinh dan né 1a
ol, Pdv-dl, . d

= 1 _ ms f)
K Pdv Pdv Pdvy (
nl - 611{1 - - VdP - 5lm\ = 1 _ 5lms (f)
-vdP - vdP -vdP

Déi vai cac qua trinh nén (tiéu thu cong), cong tiéu thu
thyc té& 16n hon cong 1y thuyét mot luong bang cong ma
sat, do do ta dinh nghia lai la:

-vdP

= P_dv hodc n'=
dn kt

(g
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Céac dinh nghia trén phai ddm bao gia tri hi¢u suit nam
trong khoang tir 0 dén 1.

Dua trén co sé cac dinh nghia trén, ta c6 thé viét lai cac
phuong trinh (b) va (b') twong ing nhu sau:

- Dbi v6i qua trinh sinh cong duong (din no):

0qg= du+nPdv (h)
oq=di-n'vdP (h"
- Dbi v6i cac qua trinh tiéu thy cong (nén):

og=du+Pdv/y 1)
oq=di-vdP/n' @)

Céc phuong trinh (k)...(7) dam bao thoa man diéu kién:
cong h¢ thyc hién dugc nho hon so v6i cong qua trinh
thudn nghich va tiéu thy cong thi 16n hon.

Can luu y rang, Pdv hoic —vdP la cong qué trinh
thuan nghich phan t5, trong d6 nhiét lugng riéng chit cong
tac trao doi voi moi truong bang dg+0q,,. N6 khac véi
cong 1y thuyét (tdi da) ciia qua trinh ma nhiét luong trao
d6i chi 1a 8¢, do vay, dinh nghia 5 nhu trén s& khac véi
khai niém hiéu sudt trong twong doi nhu cong thirc (1).

Gia sir trong mot qua trinh da bién c6 thé xac dinh dugc
cac thong sb trang thai co ban ¢ dau va cudi qua trinh ciing
nhu nhiét dung riéng trung binh (do do dugc ¢ ngoai, nén:
c,=q/AT) thi tir cac phuong trinh (h)... (i) ta co thé xéac
dinh dugc hiéu suit cling nhu cong trao dbi thuc té cua qua
trinh nay. Lan luot xét cho cac trudng hop khéc nhau nhu
sau:

Qua trinh c6 ma sdt ¢ hé kin

Vi qua trinh dan nd, ta co:

g =c dT = du+nPdv=cdT + Rz dv
hay
¢,—¢, dl _ dv
R T v
hay
C‘n - CV

InT -nlnv = const

va cudi cung thu dugc:
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R

Ty % = const
Tur d6 c6 moi quan hé gilia P va v:
MR
Pv ™% =const
hay, so0 mii da bién bang:

nR

c —C

n v

n=1-

@)

Su khac biét ¢ day so véi cong thic di biét vé moi
quan h¢ gilia n va ¢, [3] 1a: ngoai ¢, ra thi n con phu thudc
vao 7 cta qua trinh. Ta thay, khi qué trinh thuan nghich »
= 1, thi n = (¢,-c,)/(c,~c,) nhu d biét.

Déi véi qua trinh 1a doan nhiét thuan nghich, ¢,= 0, »
= 1,vavic,= R/(k-1) nén n= k.

V6i qua trinh doan nhi¢t khong thuan nghich, ¢,= 0, 7
< I. Thay vao (2) dugc:

R

n=1+2 ek -1

cv

So sanh gi4 tri nay voi s6 mii doan nhiét &, d& thiy n <
k vi tir biéu thtrc cudi c6 thé viét thanh n-k = (1-n)(1-k)<0
(nho n <I va k >1). Do d6, dudong doan nhiét khong thuin
nghich s& khong débe bﬁng duong doan nhiét thuan nghich
do phan nhiét sinh ra boi ma sat lam ting ndi ning ciia moi
chét.

Déi voi qua trinh nén, ta ciing thu duoc két qua tuong
tu, nhung phai thay n ¢ bi€u thuc trén bang 1/1, do d6, so
mil da bién qua trinh nén

R
n=l-—— 3)
(c,—cm

Qua trinh co ma sdt trong dong chdy co sinh
cong ngoai

Vi qua trinh gidm ap (sinh cong duong), ta co:

) ¢, —¢,

- ¢,—¢,+n'R @
Tir (4) ciing thay rang, khi qua trinh thuan nghich, 4’ = I,
thi n = (c¢,-c,)/(c,-c,) hay khi qud trinh 1a doan nhiét thuan
nghich thi n = k, con v6i qua trinh doan nhiét khong thuan
nghich thin < £.
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D6i v6i cac qua trinh nén, ta phai thay n' & (4) bang
I/m', va co:
e ¢,—¢, 5)
c,—¢,+R/n'
Béng cach dit van dé nhu trén, ¢ thé thiét lap duoc
mdi quan hé truc tiép giita s6 mil da bién n voi hiéu suat
cia qud trinh ma khong cin biét cac dai luong

v =0dq/Pdv hay v'= 6q/vdP nhu [1].

Ta xét mot vi du don gian dé minh hoa nhu sau: dong
khi trudc khi vao tua bin c6 thong s6P=7 bar, T1= 750 K,
ra khoi tua bin c6 P, = 1 bar, T,= 450 K. Gia sir chit cong
tac 1a khi ly twdng c6 c,= 1,02 kl/kg, s6 mil doan nhiét
k=1,4. Tinh cong chi thi riéng cua tua bin, hiéu suét trong
twong d6i ctia qua trinh va nhiét do ma sét sinh ra?

Giai: tir cac thong sb dau cudi, ta xac dinh dwoc s mi
da bién cua qua trinh:

n-1
L_(B\"
L \R)
n-1_In(T,/T) In(450/750)
n In(P/P) In(1/7)

hay =0,26251,

ratra: n=1,356.

St dung cong thirc (4), trong do thay ¢,=0 (qua trinh
dan né trong tua bin la qua trinh doan nhiét), ta dugc:

-c
n=—"2
-c,+n'R

suy ra: )]'=(cp —cp/ n)/(cp —cp/ k)=(1,02-1,02/1356)/(1,02-1,02/14) = 091888 .

Cong 1y thuyét cia qua trinh thudn nghich c6 ké dén
nhiét ma sat téa ra s& bang:

ly=~[vaP =1”R<T2 ~T)=1,356/0,356* (1,02~ 102/14)* 300 =333,01
-n

(kJ/kg).



Cong thye t& sinh ra: [ =1,17'=333,01%0,91888 = 306

(kl/kg).

Nhiét do ma sat sinh ra: g, =333,01-306=27,01
(kJ/kg).

Cong cua qua trinh doan nhiét thuén nghich trong tua
bin v6i cac thong sb ap suat dau cudi nhu trén sé 1a:

k=t

k
| = MR ) ~1]=326,26 ki/ke,

T o1-k

P,
P

va nhiét dJ ra trong trudong hop nay chi 1a T,'= 430,13 K,
hiéu suét trong turong ddi theo (1) bang:

o= 306/326,3 = 0,93779.

Qua trinh co ma sat trong dong chdy khong sinh
cong ngoai

Ddi véi truong hop dong chét cong tac khong sinh cong
ngoai (chay trong 6ng, qua cac thiét bi trao nhiét, phin
loc...), do ¢ cac ton thit cong (do ma sat va chuyén dong
rbi) thi cong dich ¢y mot phan chuyén thanh nhiét va gay
ra syt 4p vi ma sat. Pé thanh 1ap duoc biéu thtc tinh hiéu
suat ciia qué trinh mot cach thich hop (bao dam 0<n<1), ta
phén thanh cac truong hop: doan nhiét, nhan nhiét va nha
nhiét.

Theo Dinh luét I cho dong chay khong sinh cong ngoai

(b6 qua dong ning va thé nang ap suat): dg = di.

Néu bo qua dong ning thi phan ton thit cong ky thuat
bang cong khic phuc ma sat, vi vay:

-0l =dq,, =-vdP (6)

phai ludn co gia tri duong.

Déi véi truong hop chit cong tac nhdn nhiét, trong d6
thé ning ap sut hé ting, — A(Pv) =—(Bv, - Bv,)< 0,
tirc mot phin nhiét ning bén ngoai duoc chuyén thanh
ning luong diy (ning luong & dang c6 thé chuyén thanh
cong co hoan toan). Phan ning lwong nay déi voi qua trinh
thuan nghich s& ¢6 gia tri 16n hon vi khéng c6 ton thét thuy
luc, do do, ta dinh nghia hi¢u sut cua qua trinh béng ty $6

cong thu dugc thuc té trén cong 1y thuyét:
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d(Pv) 1
= = 7
K d(Pv)-vdP - vdP 0
d(Pv)
Tu (7) suy ra:
_vdaP _1-n ®
d(Pv) n

Tir (8), d6i véi khi Iy twong ta co:

dT dP L

e hay T.P"™ =Cva so sanh véi
T 1-n P

1-n
bidu thic dabiét T.P " =C,suyra: n=1-19

Nhu vay, trong truong hop niy, néu qua trinh thudn
nghich hoan toan, hiéu sudt n=1, thi qué trinh 13 dang ap.
Véi cac qua trinh thuc té, 0<y<lI, thi khi hi¢u sut qua
trinh cang giam, n cang ting, tirc sut 4p cang ting (trén do
thi P-v, duong qué trinh cang dbc so v6i duong dang ap,
nhung ludn thoai hon dwong dang nhiét).

Trong truong hop thi hai (rha nhiét), toan bo cong tiéu
thu can thiét 1a — A(Pv) = —(Bv, — Bv,)luén duong néu
bo thay dbi dong ning va thé nang. Cong tiéu thy cho qua
trinh thuan nghich c6 gia tri nho hon. Do viy, & day ta
dinh nghia hiéu suit cia qué trinh (ty sé cong tiéu thu ly
thuyét trén cong tiéu thy trong thuc té), bang:

vdP

=1- 9
= ey ©
dé sao thoa mén diéu kién 0 <n<I. Tir d6 co:
__vdP _n-1 (10)
d(Pv)

Bién ddi twong tu nhu trén thu dugc biéu thirc quan hé
gitra s6 mil da bién n véin;:

n-1

n=——
n

(11)
Str dung cong thie (11) cho phép ta dung dugc dd thi
cta qué trinh bién dbi trang thai trong cac thiét bi trao doi

nhiét néu biét hé sé 5, trong d6 1 < 0, tirc khong phai 1a

qué trinh ddng 4p nhu & cic qué trinh khong ma sat. Vi
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n <1, néu qua trinh tién t6i thudn nghich  —1, thi
n — 0, tirc trén d6 thi P-v, thi chung 14 cic duong gin voi
duong song song truc hoanh.

Ta xét mot vi du cu thé minh hoa: gia st cho dong khi
qua sinh han gi6 c6 thong sd: P1= 2,3 bar (ap suat vao), t;=
65°C; Po= 2,2722 bar, t,= 45°C. Tinh hiéu suét cia qui
trinh, cong tiéu thy thuc té va Iuong nhiét ma sat toa ra?

Giai bai toan nay nhu sau:

- Goi s6 ml‘ﬁ da biéq 13 n, tr mbi quan h¢ cua céc thong
s0 trang thai dau va cuoi qua trinh:
1-n I-n

LR =T,R"

giai ra dugce n = - 0,2490.
- Tue (8) giai

n=L=o,8006.
-n

phuong trinh v&éi m, duogc

- Cong tiéu ton cho dich day thuc té:

[, =—(Pyv, - Pv,)=-RAt =0,287.20 = 5,74
(kJ/kg).

- Luong nhiét ma sat toa ra:
q, =0, =0-n)l =(1-0.8).574=1148 (ki/kg).

Cudi ciing, ta xem mot truong hop dic biét nira dbi voi
khi 1y tuong trong qua trinh doan nhiét (d6i véi dong
khong sinh cong ngoai thi hé 1a ¢ Idp). Trong trudng hop
nay, theo Dinh ludt I, cac dai lugng i, u va nhiét 46 hé
khong thay ddi (vi du qua trinh tiét luu khi ly tudng), sb
mii da bién trong moi truong hop déu bang 1. Ton that
ning lugng diy trong moi truong hop (thuan nghich hay
khong) déu bang 0: — A(Pv) = —RAT = 0. Nhu vy, ¢ day
ta khong danh gia duoc dai luong tn thit cong tuong doi
(khong xac dinh vi biang 0/0). Pay ciing chinh 1& nhuoc
diém cta phuong phap danh gid hiéu qua cua qud trinh
bang can bang ning lugng (chi ding Dinh luat I). Pé c6
thé xac dinh mirc d6 khong thuan nghich ciia qué trinh nay
ta phai sir dung dén Dinh luat II thong qua cin bang exergi
va hiéu suét exergi [2]. O déy, phan nhiét ma sat di bu cho
ton that niang lugng day nén— A(Pv) =0. Tuy nhién, &
qua trinh khong thuén nghich thi AP <0 va exergi cia
chit cong tac (tirc kha niang sinh cong, e =i - Tys) giam
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mot luong bing T,As , con d6i v6i qua trinh thuan nghich,

trang thai hé khong thay ddi (T=const, P=const) va exergi
hé khong giam vi As =0.

Kétluan

Bing cach xét qua trinh ¢6 ma sat, ta co thé tinh toan
bang ly thuyét tat ca cac dai luong can thiét va biéu dién
duoc cic qud trinh nay trén do thi (cic trang thai trung
gian) mot cach chinh xac khi biét trang thai dau cudi ciia
chit cong tac va diéu kién dién ra qua trinh. Bai viét da
trinh bay cach thiét 1ap va dua ra cac cong thic lién hé
gitra s6 mil da bién n véi hiéu suat cta cac qué trinh nhiét
dong bat ky. Diéu d6 co nghia 1a ta co thé xac dinh dwoc
cac ton that ma sat, hé s stc can ciia mot qué trinh trong
mot thiét bi quan tdm bang thyc nghiém.

Déi voi khi thuc, chi can dua vao Dinh luat I, khi biét
trang thai ddu va cudi, biét lugng nhiét trao doi véi bén
ngoai thi s€ xac dinh dugc cong thyc té cua qua trinh. Tuy
vay, phuong trinh trang thai d6i v6i khi thuc phtc tap nén
nhiéu khi khong biéu dién dugc cac mbi quan hé cua cac
trang thai bang cac ham dai s binh thudng va thudng
duoc giai bang cac phuong phép roi rac nhd ding cac bang
tra hodc d6 thi dé xac dinh cac trang thai trung gian va
dung db thi cua qua trinh.

Xéc dinh tén hao cong do ma sat, hoic din dat dé di
dén cac cong thirc lién hé giita s6 mi da bién n v6i luong
ton hao cong tuong d6i do khong thuan nghich (1) (cic
biéu thirc Dinh luat I co nhiét qms kém theo) gitp ta hiéu
biét sdu sic, rd rang hon vé sy khic nhau ciia qué trinh

“can bang” va “khong can bang” =
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