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TOM TAT

Bai bao tap trung dua ra quy trinh tinh toan thiét ké thiét bi chung cit va mé phong qua
trinh tinh toan thiét ké trén phan mém MATLAB. Loai hdn hop, nong do, suat lwong va loai
thiét bi 1a nhitng yéu t quan trong anh huéng rét I6n dén két qua tinh toan. M6 phong tinh
toan thiét ké thiét bi chung cat giup tinh toan hang trim phép tinh khi cé sy thay d6i caa mot
thong sb bt ky.

Tir khéa: Chung cat, MATLAB, mé phong, thiét ké, tinh toan.
1. MO PAU

Chung cat 1a qua trinh tach cac cu tir ctia mot hon hop long cling nhu hén hop long - hoi
thanh cAc cau tir riéng biét dua vao do bay hoi khac nhau cua cac cau tir trong hdn hop. Qua
trinh chung cét da duoc ap dung nhiéu trong nganh cong nghiép héa hoc - thuc phim. Tuy nhién,
viéc tinh toan thiét ké thiét bj chung cat rat phuc tap, can phai van dung rat nhiéu cac kién thac
lién quan dén qua trinh va thiét bi (nhu cac qua trinh co hoc, qua trinh truyén nhiét va qua trinh
truyén khdi) tir nhimg tai liéu khac nhau, phai 4p dung rat nhidu cong thirc tinh toan dan dén khéi
luong cong viée rat 16n va d& sai sb do nhitg nguyén nhan chi quan trong qué trinh thyc hién.
Vi vay, str dung phan mém dé gitp tinh toan nhanh chong cac thong s, nham giam thoi gian tinh
toan va tranh sai s6 1a rat can thiét. Trong bai bao nay, phan mém MATLAB duoc tng dung dé
thyc hién mo phong tinh toan cac thong so thiét ké cua thiét bi chung cat [1, 2].

Thiét bi chung cat c6 nhiéu loai khac nhau duwa trén cic tiéu chi phan loai nhu: gian
doan hay lién tuc; hé hai cau tir, hé da ciu tir; thap mam va thap dém, v.v. Bai bao nay tap
trung vao Viéc tinh toan thiét ké thap chung cat lién tuc, 4p dung cho hé hai ciu tir va thay
d6i kiéu thap: thap dém, thap dia ludi va thap mam chop. Phan mo phong tinh toan dugc
thuc hién véi tép tin co dudi mé rong 1a mlapp - AppDesigner cia MATLAB, 1a phan mém
rat phd bién trén thé gigi dung dé mé hinh héa va mé phong cac qua trinh khac nhau trong
nhiéu linh vuc nhu héa hoc, dién, dién tir, v.v. [3-7].

Ung dung AppDesigner cho phép ngudi st dung thiét ké giao dién tinh toan theo ¥
mudn Cia minh, ciing nhu cach Vlet cac function da duoc don gian hoa. Viéc kiém soét cac
thong sb thap s& dé dang hon, néu co 15i xay ra s& bao ¢ khung command window cua
MATLAB, tir d6 biét duoc vi tri dong bi 131 va can sira lai.

2. TRINH TU THIET KE
Trinh ty tinh toan thiét Ké thiét bi chungqcét lién tuc dugc trinh bay trong Hinh 1. Khj
tinh toan va ap dung phan mém MATLAB d¢ mo phong, cac yéu cau thiet ké va thong so
ban dau c6 thé thay doi khac nhau:
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M6 phdng tinh toan thiét ké thiét bj chung cét hé hai cdu ti

- Loai thiét bi: cho phép lua chon kiéu thiét bj chung cit trong 3 kiéu sau: thap mam
choép, thap dia ludi va thap dém

- H¢ dung dich: cho phép chon mot trong cac h¢ dung dich hai cau tir & Bang 1.
Ngoai ra, co6 thé mo rong thém cho cac hé hai cau tir khac.

Bang 1. Cac hé dung dich hai ciu tir dwoc lya chon khi mé phong bang phan mém MATLAB

Benzene_Toluene Benzene_Dicloetan Ethanol_ H,O
H>O_AcidAcetic Aceton _H,0 Aceton_Acid Acetic
Aceton_Benzene Aceton_Trichlorothylene Aceton_Chlorobenzene
Aceton_Ethanol Methanol_H,0 AcidAcetic_Acetamide
Acetaldehyde_Benzene H.O_ AcidPropionic | CarbonDisulfide_ CarbonTetrachloride
MethylEthylAceton_Toluene

- Suit lweng nhap liéu F: cho phép thay doi suat lwong nhap liéu va theo céc loai
don vi khac nhau (kmol/h, kg/h, kmol/s, v.v.)

- Nong d nhap liéu x, néng d¢ san pham dinh xp, nong dd san pham day xw:
cho phép thay doi nong dg va theo céc loai don vi khac nhau: phan mol (pmol),
phan tram mol (%mol), phan khoi lugng (pkl), phan tram khoi lugng (%kI).

Cic thing so ban dau
— Hé dung dich hai cau tit
- Sudthrong dong nhipliéu (F)
— Néng d8: nhaplitu, sinphim dink,
sanpham dav{f . Ep. Xw)

l

Cin Bing Ciin Biing Vit Chit Théng 56 vatk
NingLwong | _ | - Suatluong dongsinphim dinh, ongso vatly
Luong hoi dot dong san phim day (D, W) (e or .
ciin thiét (D) - $6 m&m Iy thuy#t () £z

Thip dia hedi Thapmam chop Thap dém
l ¥
Sémam thie té Duwéng kinh thip Chifu cao
() A tirong dirong
Chiéu cao thap (H)
| Trdr hre thap (AF) ‘
Tinh toan co khi
(Be day S cha than day. nap)
Tinh chon

cac.chi tigt phu

Hinh 1. So d quy trinh tinh toan thiét ké thiét bi chung cét lién tuc
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2.1. Céc thong s6 dau

Cén nhap cac thong sb yéu cau thiét ké gom: suét luong dong nhap li¢u F, nong do
nhap Ijéu X¢, NONg do san pham dinh Xp, nong d6 san pham day xw, loai thiét bi va h¢ dung
dich can chung cat [2].
2.2. Can bing vit chit

Céc phuong trinh can bang vat chat trong thap chung cat [2, 8]:

F=D+W (1)
FXF = DXD + WXW (2)
Trong do:

F, D, W: suat lugng dong nhdp ligu, dong san pham dinh va dong san pham déy (kmol/h)
Xg, Xp, Xw: Nong do nhap liéu, san pham dinh va san pham day (pmol)

Giai h¢ phuong trinh (1) va (2) tim ra suét lugng dong san pham dinh D va suét lugng
dong san pham day W.

2.3. Cén bing ning lwong

Téng nhiét lvong mang vao thap bang téng lwong nhiét mang ra [9, 10]:

Qr + Qpz + Qr = Qy + Qw + Qxq + Qg 3)
Trong do:

Nhiét Iuong do hdn hop dau mang vao thap (J/h): Qr = GgCptp (@)
Nhiét luong do hoi d6t mang vao thap (J/h): Qp, = DA, = D, (1, + C,0,) (5)
Nhiét luong do luong long hdi luu mang vao (J/h):  Qr = GrCrtr (6)
Nhiét lvgng do hoi mang ra ¢ dinh thap (J/h): Qy =P(1+ R)Aq (7
Nhiét lwong do san pham day mang ra (J/h): Qw = WC,tyw (8)
Nhiét lugng do nudc ngung mang ra (J/h): Qngz = Gng2C26, 9
Nhiét lugng ton that ra méi truong xung quanh (J/h):  Qyxq = 0.05D,r, (10)

Cr, Cr, Cw, Cz: nhiét dung riéng cua hdn hop nhap liéu, dong long héi luu, san pham
day va nuéc ngung (J/kg.K); tg, tr, ty: Nhiét do hdn hop dau, long hoi luu va san pham
day (°C); A,: ham nhiét cua hoi d6t (J/kg); ry: 4n nhiét héa hoi (J/h); Aq: nhiét luong riéng
cta hoi ¢ dinh thap (J/kg); Gr, Gr, Gng: lwong long nhap liéu, hoi luu va ngung tu (kg/h);
D.: lugng hoi dét can thiét dé dun soi dung dich (kg/h); 0,: nhiét do ctia nude ngung (°C).

Tra va ndi suy cac thong sd Vat Iy A,, Cy, Iy, Ag, Cy, theo nhiét do va thanh phan cua
cac chat, két hop giai cac phuong trinh trén tinh duoc lwong hoi ddt can thiét dé dun soi
dung dich ¢ day thap (kg/h).

D, = Qy + DW + Qngz + quZ —Qr —Qr (11)
2 = X

2.4. X4c dinh s6 mam ly thuyét

S6 mam 1y thuyét dugc xéac dinh dya vao duong can bang thuc nghiém va cac duong
lam viéc trong thap chung cat [2, 11].

Phuong trinh duong n(‘Bng d6 1am viéc doan cat:
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Y= RL-;—l * Rx-ll-) 1 (12)
Phuong trinh duong néng d6 lam viéc doan chung
y =t T, (13
f: ty s lwong hdn hop nhép liéu so v6i san pham dinh
F=1 (14)
R: Chi s6 hoi luu

R = (1.2 +2.5) Rxmin (15)

Rxmin: chi s6 hdi Iuu t6i thiéu cua thap chung cat
Rymin = XE—_y; (1o

Yr — XF

y&: nong do cau tir dé bay hoi trong pha hoi can bang véi ndng do6 trong pha long xr
cua hon hgp dau
Dua trén duong lam viée va duong céan bang thuc nghiém, xac dinh duoc s6 mam ly
thuyet. Cach xac dinh dugc trinh bay trong Hinh 2.

1.0
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Hinh 2. Xac dinh s6 mam 1y thuyét trén d6 thi
2.5. Xdc dinh s6 mam thyc té

Xac dinh s6 mam thyc té theo hiéu suit trung binh [10]:

N, = (17)
¢ Ntb
+1p et

n
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N1, N2,... hidu suat trung binh ctia cac bac thay doi ndng do; Ni: sb bac thay doi nong
dd; nw: hiéu suat trung binh cua thiét bi; n: so vi tri tinh hiu suat.

2.6. Tinh Kich thwéc thap

Kich thuoc théap chung cit gom c6 dwong kinh Dy va chiéu cao. Céch tinh toan hai
thong so nay s€ thay doi tuy theo loai thap [10, 12].

2.6.1. Tinh duong kinh thdp (Dx)

8tb

D, =0,0188
¢ (pywy)tb

(19)

py: khéi luong riéng hoi (khi) trung binh di trong thap (m¥h); wy: téc d6 hoi (khi) trung
binh di trong thap (m/s); gw: lugng hoi (khi) trung binh di trong thap (kg/h).

a. Tinh tc do hoi trong thap dia ludi c6 6ng chay chuyén

wgn = 0,05 \/g (20)
Py

ogh: toc d0 giGi han trén (m/s); px, py: khdi lugng riéng cua long va hoi (kg/m?3).
Dé tranh tao bot, can chon toc d6 lam viéc bang khoang tir 80% dén 90% téc do tinh
theo cong thuc (20):
wy = (0,8 —0,9) wgn (21)

b. Tinh tc d6 hoi trong thap mam chop

kg
by = 0,065[0] [hpsenpyr (—5-) 22)

Pxib, Pyto: Khoi luong riéng trung binh cua pha long va pha khi (hoi) tinh theo nhiét do
trung binh (kg/m®); h: khoang cach gitta cac dia (m); ¢[c]: hé so tinh dén strc cing bé mat.

¢. Tinh t¢c do hoi trong thap dém

Y = 1,2e74X (23)
_ w? OdPytb (&)0'16 (24)
8V§ Pxtb ‘Hn
1 1
= <§>4 (@)8 (25)
Gy Pxtb

os: tdc d6 sic (m/s); oa: bé mat riéng cua dém (m¥m?d); Vq: thé tich ty do caa dém
(m¥m?3); g: gia toc trong trudng; Gx, Gy: luong long va lwong hoi trung binh (kg/s);
Pxib, Pyto: Khdi lwong riéng trung binh cua pha léng va hoi (kg/m); w, wn: do nhét cua pha
I6ng theo nhiét do trung binh va d nhét ciia nudéc & 20 °C (N.s/m?).

Tinh téc d6 1am viéc cua dong hoi trong thap:
wy = (0,8-0,9) ws (26)
2.6.2. Tinh chiéu cao thap (H)
a. Thap dia ludi c6 6ng chay chuyén va thap mam chop [10]
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H = Ni(Hq+8) + (0,8 = 1) 27)

 Ne sb dia thuc té; 8: chiéu day cua dia. (0,8 + 1): khoang cach cho phép ¢ dinh va day
thict bi (m); Ha: Khoang cach gitra cac dia (m).
b. Thap dém [10]
Chiéu cao cua thap dém duoc tinh dwa vao sé don vi truyén khdi:

Hd = my hdv (28)
my. 56 don vi chuyén khdi xéc dinh theo pha hoi; ha,: chiéu cao cua mot don vi truyén
khéi (m).
Chiéu cao cia mét don vi truyén khoi:
mGy
th - hl + hz (29)
Gy

“hi: chiéu cao ciia 1 don vi truyén khoi dbi véi pha hoi (m); ha: chiéu cao ciia 1 don vi
truyen khoi doi vai pha long (m); m: s6 don vi truyén khoi xac dinh theo nong d6 trong pha
hoi (khi) va pha long.

Vi
h. = —% Re 025P 2/3
1 ao, Iy (30)

2/3
h, = 256 (?) Re?°pr0s (31)
y

o: hé sb phu thudc vao dang dém, véi dém vong o = 0,123, véi dém gd a = 0,152;
1x: o nhét cua pha long (N.s/m?); Vg: thé tich ty do cua dém; oa: bé mat riéng cua dém
(m?md); px: khéi luong riéng ctia long (kg/m®); y: h¢ sb thAm w6t cua dém (phu thudc vao ty
sO gita mat do tudi thuc té 1én tiét dién ngang cua thap Uy va mat do tuei thich hop Un);
Rex, Rey: chuan s6 Reynolds cua pha long va pha hoi; Pry, Pry: chuan s6 Prandtl cia pha long
va pha hoi.

Vi
Up = F_t (m*/m?.h) (32)
Uy, = Bog (m3/m?.h) (33)

Ddi v6i qua trinh chung luyén, B = 0,065 m*/m2.h; Vy: luu luong thé tich cua chét long
(m3h); Fe: dién tich mat cat cua thap (m?).

S6 don vi truyen khoi xdc dinh theo pha hoi:

Ya 4

y
m, = 34
y yfy_}’cb (34)

Yeo: thanh phan mol can bang cua dong hoi; y: thanh phan mol lam viéc cia dong hoi.
2.7. Xac dinh tré luc cia thap
2.7.1. Thdp dia luéi c¢é ong chay chuyeén [2, 10]
AP = N X APy (35)

Ne: s6 dia thuc té cua thap; APq: téng tré luc ciia mot dia (N/m?)
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AP; = APy + AP, + AP, (36)
Py}
APy: tr& lya dia kho, (N/m?) AP = §= (37)
APy: tré lyc dia do sire cang bé mat, (N/m?)
x 40
- bia ¢6 duong kinh 16 nho hon 1 mm: AP = F (38)
16
x 40
- Bia ¢6 duong kinh 10 16n hon 1 mm: AP, = (39)

1,3dj5 + 0,08d

AP;: Tré lyc cua 16p chét long trén dia, (N/m?)

3 GX 2
AP, = 1,3 [Kh, + (mLC) gPx (40)

2.7.2. Thap mdm chop [2, 10]

Ne: 56 dia thuc té cua thap; APs 1a tdng tré luc cua mot dia (N/m?)

APy = APy + AP + AP, (42)
3 tre 5, (N/m? Py % 43
APy 1a tr¢ lya dia kho, (N/m?) : APy = §= (43)

\ 40
AP 13 tré Iyra do strc cing bé mat (N/m?): AP = i (44)

td

AP, 1a tro lwa ctia 16p chat 1ong trén dia, (N/m?) :
h

AP = ppg (hb - f) (45)

2.7.3. Thap dém [2, 10]

TN thét ap sudt khi dém uét tai diém dao pha co toc d6 cua khi bang tdc d6 cua khi di
qua dém kho (N/m?)

GX pX " I’J'X ¢
= — — JR— 6
AP, = APy [1 +A< Gy) (py) <uy> ] (46)

Gy, Gy: luu lwong cua long va cua khi (hoi) (kg/s); px, py: khéi lugng riéng cua I(}ng va
cua hoi (khi) (kg/m®); i, py: d6 nhét ciia long va cta khi (hoi) (N.s/m?); APy : ton that
ap suat (tro lyc) cua dém kho (N/m?).

APy = — (47)

2.8. Tinh toan co khi thiét bi chinh

~ Tinh toan co khi s& xac dinh bé day cua cac chi tiét trong thap chung cét: than, day va
nap [13].
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2.8.1. Tinh bé day than thap [13]

a. Tinh ap suét bén trong thap (tinh tai day thap), voi méi truong lam viéc long — khi
P=P,+ P, +AP (48)
Ph: ap suét hoi trong thap (N/mm?); PL: ap suét thuy tinh ctia cot chat long (N/mm?)

b. Tinh gia tri @‘Ph (49)

[6]: tng suét cho phép khi kéo (N/mm?); gn: h¢ sb bén ctia méi han; P: 4p sudt tinh
toan trong thiet bi (N/mm?)

c. Tinh bé day tdi thiéu (S') cua than

Neuss < Ao < o5 5o LD (50)
TS RS T ool - P
. o] PD;
Néu — oy, = 25 0§ = (51)
p b 2[c]en
Ni [a] Do 52
& 5 @n <55 : 8" = (0,5D+ C)(B—1) (52)
Ca: hé s bo sung cho an mon hoa hoc; B: hé s6 thanh day ciia than (tra bang 2/trang
96 [13]).
d. Tinh bé day thuc cua than
S=S4+C=S8+(Cya+Cp+C.+Cp) (53)

C: hé s6 b6 sung (mm); Ca: hé s6 b sung do an mon hoa hoc (mm); Cp: hé s6 bo sung
do bao mon co hoc (mm), chi tinh khi c6 dong luu chat chuyén dong trong thiét bi
(vk > 100 m/s; vi > 20 m/s); Ce: hé sb bd sung do sai léch khi ché tao (mm); Co: hé s6
b6 sung dé quy tron kich thudc (mm).

e. Kiém tra bén

. S—¢, o 2[6]n(S — C,)
C <01: A at cho phép [P] = 54
Néu D, <0, p suat cho phép [P] D+ (-C) (54)
Néu >—25 01+ Ap suit cho phe [P] = 2,3¢y[0]] n 55
éu D, ,1:  Ap suat cho phép = 2,3¢ylo th+2Ca (55)
Néu [P] > P: thoa
2.8.2. Tinh bé day dday va nap [13]
a. Tinh gié tri o] (56)

P
[6]: tng suat cho phép khi kéo (N/mm?); @n: hé 6 bén cia mdi han; P: 4p sudt tinh
toan trong thiét bi (N/mm?).
b. Tinh bé day téi thiéu (S°)
[o] PR,

Néud45< —@,<2: §'=—-—- 57
cu P‘Ph 2[a]op — P (57)
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PR,

Néu [%]cph > 25 0 S = 2lolon (58)
Néu g(ph <55 : §"=(0,5D;+C)(B—1) (59)
Re: ban kinh cong bén trong & dinh (mm); he: chiéu sau cua phén elip, theo tiéu chudn
he _ 0,25 (60)
Dy
¢. Tinh bé day thuc
S=S4+C=S+(Cy+Cp+C.+Cp) (61)

C: h¢ 56 bo sung (mm); Ca: hé s6 b6 sung do an mon hoa hoc (mm); Co: hé s6 b sung
do bao mon co hoc (mm), chi tinh khi c6 dong luu chat chuyén dong trong thict bi
(Vi > 100m/s; vi > 20m/s); Cc: h¢ s6 bo sung do sai Iéch khi ché tao (mm); Co: hé s6 bo
sung dé quy tron kich thudc (mm)

d. Kiém tra ap suét cho phép

_ 2[olen(S—Ca)

= Rr e 2

2.9. Tinh chon cic chi tiét phu

 Céc thong s6 cua céc chi tiét phu can tinh 1a kich thudc cua cac dng din trong thap [10],
SO lugng va kich thudc cuia tai treo va chan do [10, 13].
2.9.1. Puong kinh cdc ong dan [10]

’ \'
= 63
d 0,785w (63)

V: luu lugng thé tich (m3/s). w: toc d trung binh (m/s), dugc chon theo [4]: bang
[1.2/trang 370 - Toc do trung binh cua chat long va khi chuyén dong trong ong dan;
d: duong kinh ong dan (m).

a. Ong dan dong san pham dinh
Tinh duong kinh 6ng:

, Vi
= |— 64
dy 0,785, (64)

o1: téc d6 trung binh cta hoi qua nhiét (m/s) ([4], bang 11.2/trang 370); Vi: luu lugng
hoi di ra khoi thap (m?/s).

_ Gp(1+Ry)
17 3600p,

Chon chiéu dai doan 6ng ndi 1, theo [10], bang XI11.32/trang 434.
b. Ong dan dong hoan luu

(65)

Tinh duong kinh 6ng:
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/ Vv,
_ 66
d 0,785w, (66)

o7: tde do trung binh cua chat l1ong trong dng hit ciia bom ([9], bang 11.2/ trang 370).
V2: luu lugng dong hoan luu (m¥/s).

v, = ot
27 3600p,
Chon chiéu dai doan 6ng I, theo [10], bang XI11.32/trang 434.
¢. Ong dan dong nhap liéu

(67)

Tinh dudng kinh ong:

, Vs
= |—3 68
ds 0,785w5 (68)

oa: toc d6 trung binh cua chat long trong dng hut ciia bom ([9]: bang 11.2/trang 370);
V3: Luu lwong dong nhap liu (m?/s).

v, =
37 3600p5
Chon chiéu dai doan éng |s theo [10], bang XI11.32/trang 434.
d. Ong dan dong san pham day

/ V,
= |— 70
da 0,785w, (70)

®a: Tc do trung binh cta chat Iong ty chay ([9], bang I1.2/trang 370);Va: Luu lwong
dong san pham day (m®/s).
G
V4_ = W
3600p,
Chon chiéu dai doan 6ng 14 theo [10], bang X111.32/ trang 434.

(69)

(71)

2.9.2. Tai treo — chdn dé [13]

a. Tinh tong khdi lugng thap
m = m4 + m, + m3 + my + mg + mg + My + mg (72)
Khéi lwong cua nép va day (mi)
Tra theo tiéu chuan [10].
Khéi luong cua than thap

D.2 7D
m, = (“ — _“4t >Hp (73)

Dn: duong kinh ngoai cua thén thap (m); D duong kinh trong cua than thap (m);
H: chiéu cao thap (m); p: khoi lugng riéng cta thép (kg/m?).

Khéi lwong cua mam
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1D 2
m3 = N 6p 4t (74)

N 6 mam thyc té; Dy Pudng kinh trong cia thap (m); 8: bé day mam (m); p: khoi
luong riéng cua thép (kg/m?).

Khéi lugng caa chop

md? md? md? A
m, = Nttnp [( ch ngoal ch, trong) hch n ch,ngoai 5ch (75)

4 4 4

Ne: 6 mam thuc té; n: sb chop. (den)trong, (den)ngoai: dudng kinh trong va ngoai cua chop
(m); hen: chiéu cao chop (m); den: bé day chop (m); p: khéi lugng riéng cia thép (kg/m?).

Khéi luong cua dng hoi

(76)

2 2
T[dh,ngoéi _ T[dh,trong
4 4

ms = Nttnhhp<

Ne: 6 méam thuc :[é; n: s6 6ng hoi; (dh)trong, (dn)ngoai: dudng kinh trong va ngoai cua ong
hoi (m); hy: chiéu cao 6ng hoi (m); p: khoi lugng riéng cua thép (kg/m?)

Khéi luong cua 6ng chay chuyén

md? mid?
m6 — NtthCp< CZgOal C,Atl-l‘ong> (77)
N s6 mam thyc té; n: sb ong chay Chuyen (de)rong, (dc)ngosi: dudng kinh trong va ngoai
ctia 6ng chay chuyén (m); He: chiéu cao 6ng chay chuyén (m); p: khéi luong riéng cua thép

(kg/m?).
Khéi Iugng caa cac bich ghép than

2 2
TID}, bich T[Dt,bich>

m7=nhbichp( A (78)

Dnpich: duong kinh ngoai cua bich (m); Drpien: duong kinh trong cua bich (m); n: s6 bich
ghép than. hyien: chi€u cao bich (m); p: khoi luong riéng cua thép (kg/m?3).
Khéi Iwong cua chat long trong thap

2

nD
mg = H ! pL 4t (79)

Dy duong kinh trong cta thap (m); H" chiéu cao toan thap (m); p.: khdi lugng riéng
cua chat l6ng trong thap (kg/m?®)

b. Tinh tai trong trén 1 tai treo, chan d& [13]

p,= M8 (80)
n: s6 chan d& va tai treo.

c. Kich thudc tai treo, chan do [10]

Dua vao tai trong cho phép trén 1 tai treo - chan dd, tra bang tiéu chuén cua tai treo va
chan d& ¢6 dugc kich thudgc chi tiét ([10] bang X111.35 — XI111.37, trang 437 — 439).
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3. MO PHONG BANG PHAN MEM MATLAB

Ung dung phan mém lap trinh MATLAB mé phong tinh toan thiét ké thiét bi chung cat
V6i 16 hé khac nhau, trong d6 co thé thay doi nang suat nhap liéu, yéu cau nong do san pham
dinh va nong do day. Mdi yéu cau dit ra dugc thuc hién tinh toan vai rat nhiéu phuong trinh,
ngoai ra con cac phuong trinh phy khéc cting véi hang trim thong sb phai tra ciu va ndi suy
tir cac bang so liéu nhu khéi luong riéng, nhiét dung riéng, d6 nhét, hé sb dan nhiét, v.v.

Mb phong tinh toan thyc hién véi tép tin c6 dudi m¢ rong la mlapp — AppDesigner cua
MATLAB. Ung dung AppDesigner cho phép ngudi st dung thiét ké giao dién tinh toan theo
¥ mudn ciia minh, ciing nhur cach viét cac function da duoc don gian hoa.

Hinh 3-12 1a céc giao dién trong qua trinh tinh toan thiét ké dugc thiét ké dé nhap dix
liéu, yéu cau va xuat két qua. Két qua mo phong qua trinh tinh toan dugc trinh bay trong
Bang 2 [1, 14].

4| Lua chon hé nhiét déng — ] =

LA CHON THANH PHAN LONG - HOI

Chon thanh phan 1éng - hoi

Loai -
Biém déng phi Khéng co
Thanh phin hoi y 0 Nhigt d6 0
Két qua Can béng vat chat

Hinh 3. Lya chon hé chung cat

Bang 2. Thong sb va cong thuc tinh toan can bang vat chat

STT Théng sb tinh toan Ky hiéu Cong thirc
1 | Suét lwong dinh va day D,W 1), (2)
2 Phuong trinh lam viéc doan cét va doan chung (12), (13), (14), (15), (16)
3 | Xac dinh s mam Iy thuyét N1
4 | Xéac dinh s6 mam thyc té N (17), (18)
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|| (4] CAN BANG VAT CHAT - CAN BANG NANG LUONG

Canbing vit chit G biing ning rong
Théng 86 ddu vio

Lowi i | Thop &Ta bl cb bng chiy uyln v

XF ]

Bomvi

ghiokgh v

CAN BANG VAT CHAT - CAN BANG NANG LUONG

S milm Iy thuyét

Bonvi | pmol v
08
0 Bonvi | pmol v
- 0 onvi [ pmol B ks
[} 0 Lavel o
w 0 LateQ
=il Wit qua
Phuong trinh duémg 1am vije
N L 4 04 58 mim 1§ thupht 0
W [ R [}
03 Wi 1 bt gk enung o
Rmn o
A 1 thupdt i cdt o
Pndn clt Pndn chumg 02
N 5 , 0 . 6 mim thue 1 o
o q Al " | M e phin chumg o
M ) 01 02 a 08 T a8« Wi e 1 g bt °
X
Kbt aud Owsle wtub

Hinh 4. Tinh can bang vat chat

Bang 3. Thong sb va cong thic tinh toan can bang ning luong

STT

Thoéng s6 tinh toan

Ky hiéu

Cong thirc

Nhiét lugng do hdn hop diu mang vao thap

Qr

4)

Nhiét lugng do hoi dét mang vao

Qb2

®)

Nhiét Iugng do lugng long hoi luu

Qr

(6)

Nhiét lugng do hoi mang ra ¢ dinh

Qy

)

Nhiét lugng do san pham day

Qw

®)

Nhiét lugng do nudc ngung mang ra

QngZ

©)

Nhiét lwong ton thit ra méi truong

qu

(10)

O |IN (oo~ W|IDN |-

Luogng hoi @6t can thiét

D2

1)

4 CAN BANG VAT CHAT - CAN BANG NANG LUONG

Can bang vat chét

CAN BANG VAT CHAT - CAN BANG NANG LUQNG

Can bing nang luong

Nhap théng sé hoi dét

Ap sudt hoi dbt (at) 10
Q, [*
Gr
Qe
Q
Qs 4/1 xa2
a
Grgo

Két qua

hong 56
Nhiét d6 nhap lieu

Nhigt dung riéng cia benzene nhap ligu
Nhiét dung riéng cda toluene nhap liéu
Nhiét dung riéng cda hén hop dau
Nhiét d6 & dinh

Nhiét dung riéng cia benzene & dinh
Nhiét dung riéng cva toluene & dinh

) Nhiét db & dinh

Nhiét dung riéng ctia dong hoan luu

Nhiét d6 & day

Nhiét dung riéng ctia benzene & day

Nhiét dung riéng cda toluene & day

Nhiét dung riéng cda hén hop & day

An nhiét héa hoi clia hoi dét mang vao
Luong hoi @bt can thiét dé dun séi & day thap
Nhiét a8 cia nuée ngung

An nhiét hoa hoi cla benzene

An nhiét hoa hoi cta toluene

Nhiét lugng do hdn hop diu mang vao thap
Nhiét lvgng do lwong 13ng hdi lvu mang vao
Nhiét lrgng do hoi mang ra & dinh thap

| Kétqua |

Ky hiéu - Bon vi
[Tt ()
CF_benzene (Jrkg K)
CF_toluene (J/kg.K)
CF (Jkg K)
Td (K)
CD_benzene (J/kg.K)
CD_toluene (J/kg.K)
Td (K)
CR (Jkg K)
T (K)
CW_benzene (J/kg.K)
CW_toluene (J/kg.K)
CW (J/kg.K)
th2 (Jrkg)
D2 (kg)
02 (K)
lamda_benzene (J/kg)
lamda_toluene (J/kg)
QF (J/h)
QR (Jh)
Qy (Jh)

Hinh 5. Tinh can bang ning lugng
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Gia tri
379 2500
1.8550e+03
1.8755e+03
1.8824e+03
355 4500
1.8934e+03
1.8187e+03
355 4500
18847e+03
382 8300
1.9652e+03
1.8848e+03
1.8862e+03
2024000
149.7451
179.0400
1.0646e+06
1.0204e+06
7.1388e+08
4.3349e+08
7.7074e+08 _
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Bang 4. Thong sb va cong thic tinh toan duong kinh thap

STT Thoéng s6 tinh toan Ky hiéu | Coéng thic
1 | Puong kinh doan cét Dy (19)
2 buong kinh doan chung Dy (19)
4 UlFigure - o x

TiNH TOAN THIET Bl CHINH

pubngkinhthdp  Chiéucaothdp | Trdrlycthdp | Thanthépvadéyndp | Bichthapvaddyndp | Ongddn  Taitreo chan G&
Buong kinh thap
Chon cua thap dém

Dang dém Dém bang sir 5x5x1.0 ¥
Budng kinh thap
Két qua cua doan luyén

Burang kinh doan luyén (m) 0

Budmg kinh Goan chung (m) 0

Hinh 6. Tinh duong kinh thiét bi

Bang 5. Thong sb va cong thic tinh toan chiéu cao thap

STT Thong sé tinh toan Ky hiéu | Cong thiic
1 | Chiéu cao thap dia lugi va thap mam chop H (27)
2 | Chiéu cao thap dém Ha (28)

4 Ul Figure

TINH TOAN THIET Bl CHINH

Budngkinhthdp | Chiducaotndp  Trélucthdp | Thanthdpvaddyndp  Bichthdpwva ddyndp | Ongddn | Taitreo chén a&

Chon théng sé

Két qua

Chiéu cao thép (m) 0

Hinh 7. Tinh duong kinh chiéu cao thiét bi

Bang 6. Thong s6 va cong thuc tinh toan tra luc thap

STT Thong sb tinh toan Ky hiéu | Cong thirc
1 | Tro lyc thap dia ludi AP (35) — (40)
2 | Tré luc thap mam chop AP (41) — (45)
3 | Tro luc thap dém AP (46) — (47)
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4. UlFigure -

Puongkinhthdp | Chiéucaothdp | Trdlycthdp  Thénthdpvadayndp  Bichthapvaddynap | Ongdan  Taitreo chén 63

Thap chop Thip dia lwgi ¢o ong chay truyén
Butng kinh dng hoi (m) 005 v| Hésotrd e 45 .

L . Tiet dién tw do cla dia 007

Chieu day chop (m) 0.002 ¥| Hésocuahot 04 v
Chidu ca0 khe chop (m) 001 | Chidu canldp chét iong trén khe chip (m) (5015 Suong kit o (m) 08
Knodng céch gilia céc khe chép (m) | 0.003 w|  BEday ong chiy ruyén (m) 0002 v
Chibu ring kne chip (m) 000 w|  Tacd chéting rong tng chiy tuyén () (0.1 v
Knodng cdch tir d'a dén chan chap (m) |0 v| TisdLeD 06 v

Tréy e thép

Két qua
Trd lwe thap (Nim2) 0

Hinh 8. Tinh tré luc cta thap

Bang 7. Thong sb va cong thic tinh toan bé day than thap va day nap

STT Théng sé tinh toan Ky hiéu | Cong thirc
1 Bé day than thap S (53)
2 Bé day day nip S (61)

4 UlFigure

TINH TOAN THIET B| CHINH

Putngkinhthdp  Chiéucaothdp  Tiélucthdp  Thénthépvaddyndp  Bichihdpvadéyndp  Ongddn  Taitreo chén d&

Gid tritra bang Két qua than thip
etk ol 0 B diy tucol thén (nm) [0
€A Budng kin than (mm) 0

Nhap théng 0 thin thip
) A 2o E

Hé 53 hidu chinh 09 v Ket qua day nap
Téc d &n mon (ms) 0.001 v BE diy thye (mm) 0
T han si dung hiétbi (ném) 4 o Busong kinh ndp (mm) 0
Chigu cao gi (mm) 2% o B métirong F (m2) 0
Ht (mm) 0

Thn thép va ddy nép

Hinh 9. Tinh than va d4y nap
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4 UlFigure
Brongkinhthap  Chiéucaoihdp | Trdlucthdp | Thanthdpva déyndp | Bich thap va dy ndp
Bang két qua (
py (Nmm2) | Dt(mm) | D(mm) | Domm) | Df(mm) | DO(mm) | db(mm
300000 500 630 580550 51 120

TiNH TOAN THIET BI CHINH

Kétqud

Z (cd

Ong dén

Taitreo chan diy

(=)

Hinh 10. Tinh mat bich cua than va day nip

Bang 8. Thong sb va cong thic tinh toan cac loai ng dan

STT

Thong sb tinh toan

Ky hiéu | Cong thic

DPuong kinh dng dan dong san pham dinh

d: (64)

Puong kinh dng dan dong hoan luu

d> (66)

Puong kinh éng dan dong nhap liéu

ds (68)

AW IN|F-

Puong kinh éng dan dong san pham day

ds (70)

4 Ul Figure

Buodng kinh thap

BANG KET QUA ONG DAN

Thong s6
Burong kinh éng
Budng kinh dng
Kich thuéc doan
Buong kinh 6ng
Duodng kinh 6ng
Kich thuec doan
Dudng kinh 6ng
Burong kinh éng
Kich thuéc Goan
Buong kinh éng

Chiéu cao thap

TINH TOAN THIET Bl CHiNH

Trélycthap | Thanthapvadayndp | Bich thap va day ndp

Nhap théng cla dng dan da chon

Téc @8 I6ng trong Sng nhap liéu (m/s)

01

Téc d6 hoi trong éng san pham dinh (m/s)| 15

Téc d6 Iéng trong dng san pham day(mis) | 0.1

Téc @8 18ng trong ng hoan Iuu (mis)

[ Ongaan

K7 hiéu - Bon vi Gia ti py Dt
d1 (mm) 66.9565 250000
. d1_new (mm) 70.0000 250000
11 (mm) 110.0000 250000
d2 (mm) 916315 250000
d2_new (mm) 100.0000
12 (mm) 120.0000
43 (mm) 59,5029
d3_new (mm) 50.0000
13 (mm) 100.0000
d4 (mm) 59.0619

70!
100
50

01

D

Ong din

BANG KET QUA BICH ONG DAN

76
108,
57

Tai treo chan d&

BANG KET QUA DEM ONG DAN

160
205
140
140

Hinh 11. Tinh céc loai ng dan

704 1
1005 1
504 1
504 1

N W N

Bang 9. Thong s6 va cong thuc tinh chon tai treo, chan d&

STT

Théng s6 tinh toan

Ky hiéu

Cong thirc

Tai trong trén 1 tai treo, chan do
= Chon sb tai treo (chan d&)

F1

(80)
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| & uiFigure -

TiNH TOAN THIET Bl CHiNH

Bugngkinhthap | Chiéucaothdp | Trolucthap | Thanthdpva daynap  Bichthdpvadayndp  Ongddn | Taitreo chan 4&

Tai ireo chan d&

BANG KET QUA CHAN DO s chan & 4 BANG KET QUA TAI TREO s taitreo 0

G (N F (m2, q (N/mm2 L (mm B (mm; B1 (mm; B G (N F (m2 q (N/mm?2 L (mm) B (mm| B1 (mm)

5000 0.0172 280000 160 110 135

27 Bl
T

—— L]l i i -

Hinh 12. Tinh chon tai treo, chan d&

4. CHAY KIEM CHUNG CHUONG TRINH

Tinh toan thiét ké thiét bi chung cit dang thap dia dé tach hon hop Benzene Toluene

Véi suat lugng nhap liéu 1a 1000 kg/h, ndng do nhap liéu, san pham dinh va san pham day 1a
0,2 pmol, 0,92 pmol va 0,02 pmol, bang phan mém di mé phong va bang tay (phuong phap
thii cong dya trén may tinh cam tay va dugc tinh 2 lan trén 1 phép toan). Két qua tinh toan
biang 2 phuong phap duoc trinh bay & Bang 10.

Bang 10. Bang s liéu so sanh két qua thiét ké thiét bi chung cét

stt Théng sb Ky hiu | Kétqua tinh tay K@f#iﬁg}‘ Sai s6
1 | Suét lugng san pham dinh D 177,5 kg/h 1774 kg/h 0,056%
2 | Suét luong san pham day w 822,5 kg/h 822,6 kg/h 0,012%
3 | Chi sb hoan luu lam viéc R 4,2 4,2 0%

4 | S6 mam ly thuyét Nit 13 mam 14 mam 7,69%
5 | S6 mam thyc té Nt 17 mam 18 mam 5,88%
6 | Puong kinh thap Di 0,52'm 0.5m 3,85%
7 | Chiéu cao thap H 53m 5m 5,66%
8 | Tro lyc thap AP 6688 N/m? 6698 N/m? 0,15%
9 | S tai treo Ntaitreo 0 0 0%
10 | Sb chan do Nehan do 4 4 0%

Sau khi so sanh két qua tinh toan theo hai cach, c6 thé thiy phan lap trinh cac cong thirc

tinh ciing nhu bang tra va cac cong thirc ndi suy bang ngon ngit MATLAB hoan toan tin cay.
Trong d6, hiu hét cac thong sb tinh dugc theo hai cach déu bang nhau, chi mét vai thong sb
c6 su sai léch nho, nguyén nhan chu yéu 1a do khi tinh bang tay thi cac théng s6 thuong duoc
quy tron & modi budc.
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5. KET LUAN

Nhom tac gia di xay dung chi tiét quy trinh tinh toan thiét ké thiét bi chung cit véi cac
yéu cau khac nhau vé théng sé cong nghé cling nhur thiét bi nhu cac hé dung dich chung cat
khac nhau, suat lugng nhap lidu, nong do nhap liéu, nong do san pham dinh, nong dé san
pham day va loai thiét bi.

Dua trén két qua dé tiép tuc xay dung dugc phan mém tinh toan thiét ké thiét bi chung
c4t bang ngon ngit MATLAB, gitp qua trinh tinh toan nhanh hon (chua téi 1 phut, trong khi
tinh bang tay phai mat hon 10 ngay), d6 chinh xac cao hon tinh tay v6i hang loat phép tinh,
hang tram s6 liéu phai tra ctiu, Noi suy va tranh sai s chu quan trong qua trinh tinh.

Hién tai, viéc thuc hién cac dd an qua trinh thiét bi vé chung cat trong cong nghé hoa hoc
cling nhur cong nghé thuc pham cua cac sinh vién gap rat nhiéu khé khan nhu tinh toan quéa
nhiéu budc, tra rat nhidu s6 liéu, khong biét chon thiét bi nao 1a phu hop nhat, v.v. Biéu d6 dan
dén viéc dé tinh dugc 1 thiét bi, ngudi hoc phai méat gan mot hoc ky méi 1am xong, vai rat
nhiéu rui ro trong viéc bdm may tinh, ciing nhu chon thiét bi khéng phu hop (néu lam lai s&
khong kip thoi gian) Phin mém mo phong tinh toan thiét ké thiét bi chung cét cho phép tinh
toan ca 3 loai thiét bj chung cat phé bién khac nhau, mdi thiét bi véi ca tram phép tinh, tranh
duoc sai s6 chil quan trong qua trinh 1am véi thoi gian rat ngan. Sau d6, nguoi 1am c6 thé so
sanh két qua tinh toan thiét ké ca 3 thiét bi trén dé lya chon thiét bi phii hop nhit.

Phan mém rat co y nghia trong viéc phuc vu cho cdng tac hoc tap, giang day, nghién
ctru va tng dung trong thuc té vé linh vuc tinh toan va thiét ké chung cét.
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ABSTRACT

SIMULATION OF CACULATING AND DESIGNING DISTILLATION TOWER

Ho Tan Thanh*, Nguyen Ngoc Cat Tuong
Ho Chi Minh City University of Food Industry
*Email: thanhht@hufi.edu.vn

This article focuses on showing calculation and design procedure for distillation tower
and simulation this process on MATLAB software. Mixture type, concentration, flow rate
and tower type are important factors that are great influence to result. Simulating on
MATLAB software would help shorten time for calculation and design, giving results as
soon as any parameter changes.

Keywords: Distillation, simulation, calculation, design, MATLAB.
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