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ABSTRACT

Vapor — compression  equipment  (Mechanical  Vapor
Recompression - MVR) was first used in Europe in the UK,
France, and Germany, bringing many industrial benefits that
have been proven in practice. The current general trend in
Vietnam is that many different types of centrifugal equipment:
Centrifugal fan, Turbofan (High-speed centrifugal fan), MVR
Blowers, MVR Turbochargers, MVR Compressors are being
researched, manufactured and exploited to reduce Cost of using
saturated steam in industrial factories. In this study, we presented
the results of research on design and simulation of MVR vapor
compression equipment using Cfturbo, CATIA-VS, and Simerics
software. Thanks to specialized software, the design research
process takes place quickly, the simulation results were accurate,
and the cost of producing prototypes was saved. The efficiency
when designing and simulating various types of centrifuges
reached 75+89%. The results showed that applying software to
develop mechanical products was completely possible in Vietnam.
TOM TAT

Thiét bi nén hoi (Mechanical Vapour Recompression - MVR)
st dung dau tién tai Chau Au & cdc nwée Anh, Phdp, Pirc mang
lai nhiéu loi ich trong cong nghiép da dwoc kiém ching tir thiee
1é. Xu huéng chung hién nay ¢ Viét Nam, nhiéu logi thiét bi ly tam
khdc nhau: Quat ly tdm céng nghiép, Turbofan (Quat ly tam toc
do cao), MVR Blowers, MVR Turbochargers, MVR Compressors
dang dwoc quan tam nghién ciru, ché tao va khai thac dé giam chi
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phi van hanh, tdi sw dung hoi nuwdc bdao hoa trong cdac nha may
san xudt cong nghiép. Trong bdo cdo nay chiing t6i trinh bay két
qua nghién cieu thiét ké, mé phéng tai phong thiét ké cong ty AES
thiét bi Quat cong nghiép, nén hoi niée MVR bang cdc phan mém
Cfturbo, CATIA V5-6 va Simerics. Nho' cdc phan mém chuyén
dung, qud trinh nghién ciru thiét ké dién ra nhanh chéng, két qua
mé phong chinh xdc, tiét kiém dwoc chi phi san san xudt mau thir.
Hiéu sudt khi thiét ké mé phong cia cdc logi mdy ly tam dat tir
75-89%. Két qua cho thdy viéc img dung cdc phan mém dé phat
trién cdc san phcfm co khi la hoan toan ¢é thé thuc hién dwoc &
Viét Nam.

1. GIOI THIEU khi va diu tu mdy méc gia cong bién dang 14
MVR viét tit cia Mechanical Vapour canh 1a nguyén nhan chinh. Hau hét quat hay

. NPT , . x blower cac don vi thudc nha may san xuat cong
Recompression, 1a loai may thuy luc canh dan

truyén nang lugng bang co hoc cho méi chat hoi nghi¢p can déu phai nhap khu tir nuGe ngoai.
nude bao hoa ap sudt thp tir gudng canh ¢ toc

dd quay tur vai ngan vong/phut. MVR nén hoi

Trude tinh hinh d6 cac ky su ctia Cong ty cb
phan giai phap tu dong hoéa k¥ thuat Viét Nam
nudc bio hoa c6 ap suét thip 1én dén 4p suat yéu (A‘ES Viet Nam), da img d‘-m? nhimg phan
mém thudc chuyén nganh hep vé may thuy khi

céu cua hé thdng. O Viét Nam, nhiing chiéc quat P ” .
dén tu hai thuong hiéu danh tiéng Cfturbo,

hi¢u suat cao, chénh ap cao, do on thap... chua

A . A £ ma 1A s Catia V5-6 va Simerics dé tinh toan va thiét ké
duoc nhi€u don vi uu tién san xuat. Co nhiéu ly

ra san phdm mdy thuy khi canh din gdm

do dan dén viéc nay, tuy nhién cac han ché trong
Quat/Blowers/MVR (Hinh 1).

viéc tng dung cac phan mém thiét ké may thuy
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Nhim dén phat trién tuong lai, hién nay AES
dang tip trung nghién ctu phat trién thiét bi
MVR, AES dua ra giai phap t6i vu nén hoi co
khi - MVR thu hoi nang lugng nhiét hoi nudce
c6 hiét suét cao 1én téi 70 - 80%. Tir do, mang
lai loi ich ca vé tiét kiém chi phi nang luong
cling nhu tac dong tich cuc tdi moéi truong ma
cu thé 1a giam phat thai khi gdy hiéu tmg nha

Céap hoi nudc truc tiép Nén hoi nhiét két hgp TVR

he— >

kinh. MVR chi sir dung nang luong dién vi thé
giam gia thanh su dung hoi nudce tao ra tir nhién
lidu truyén théng dau DO, FO, khi gas, than
da...ddt cho 10 hoi (Hinh 2). Gép phan vao mot
su phat trién bén viing cua doanh nghiép, hudéng
t6i mot nén coéng nghiép “khong khoi” cua
chinh phu Viét Nam dé ra trong tuong lai.

Nén hoi cd khi MVR

A

:

B

Hinh 2. Qua trinh trao déi nhiét tai thap boc hoi mang roi - ¢é dic sain pham
A - San pham - nguyén liéu,; B - San pham sau khi xie Iy; C - Hoi thit dp sudt thap; C.~Nudc ngung tu,
D - Dong hoi nuoc tir lo hoi; E - Nang lwong dién; F - TVR nén nhiét; G - Nén hoi co khi MVR Blowers

Cong nghé nén hoi co khi MVR dugc ung
dung rong rai va hi€u qua trong cac nganh cong
nghiép: cac loai thap bdc hoi mang roi trong cac
san xudt cong nghiép, cac loai thap bdc hoi
cudng bire tudn hoan — két tinh, cac thap chung
ct, hé thdng trich ly, sy san pham dung hoi
nudc bao hoa. Loi ich MVR mang lai da théy rd
nét trong bdi canh nguén nhién liéu dau can kiét

va gia thanh c¢6 xu hudng tang cao trong vai nam
t6i. Trude bdi canh d6 cac k su cua Cong ty cd
phan giai phap tu dong hoa ky thuat Viét Nam
(AES Viét Nam) da thuc hién mot loat cac tinh
toan nghién ctru: “Ung dung may thuy khi canh
dan nén thu hoi tai tao hoi nudc trong nha may
san xuét cong nghiép” (Hinh 3).
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Hinh 3. Ung dung MVR Blowers nén nhiéu cAp trong hé thong hé thap béc hoi cb dic

Tuy thudc vao thong sb hé thdng, AES Viét
Nam di nghién ctru nhiéu loai MVR phu hop
voi ting nha may. Trén co sé do, chia MVR
thanh 4 loai:

-MVR - Turbofan (Quat ly tim toc do cao)

- MVR Blowers (May nén ly tim tc do
thap) thudng dugc tmg dung trong cac nha may
dung thap bdc hoi — ¢6 dic, thap bdc hoi - két
tinh va hé thong sdy, pht hop thu hdi hoi thu
luu lugng 16n va nhiét do thép. biac biét giai
phap nén nhiéu cdp MVR Blowers - Nhiéu
MVR Blowers lién két ndi tiép v&i nhau c6 thé
nén hoi nudc tang 15+36°C (4 cap).

- MVR Turbochargers ung dung trong cac
nha may c6 lugng hoi nude thu hoi thap tir vai
tan/h noi cac nha may khong st dung thap bdc
hoi — c6 dic san pham thay vao d6 thuong 1a cac
b6 trao ddi nhiét.

- MVR Compressors dugc ing dung tai cac
nha may san xuét cong nghiép c6 str dung thap
bdc hoi — ¢b dic, thap boc hoi — két tinh va hé
thong sdy, c6 luong hoi nudc ap sut cao cip
cho hé théng kha 16m 18n dén 20barG, cong sut
dan dong 1én dén 1800 kW, hiéu suat dat 86,5%.

Hinh 4. Ung dung thiét bi MVR
compressors nén hoi don cap trong hé
thong hé thap boc hoi ¢ dic

2. PHUONG PHAP
2.1 Thiét ké bang phan mém Cfiurbo
2.1.1 Co 56y thuyét

Quié trinh nghién ctru va tinh toan 1y thuyét sir
dung céc tai liéu chuyén nganh may thuy khi canh
dan (Turbomachinery) [4],[5],[6],[7] dong thoi st
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dung phan mém chuyén nganh hep mdy thuy khi
canh dan Cfturbo dé tinh toan thiét ké gudng canh
va vo xoan 6¢. Cfturbo 1a phan mém ndi tiéng trén
toan thé gidi cua Dic cho linh vire thiét ké méy ly
tAm vé6i hiéu sudt 1y thuyét cao ciing nhu cho ra
céc bién dang 14 canh c6 khi dong t6t hon so véi
céc cong cu khac. Uu diém chinh cta phin mém
1a su két hop ciia cac khai niém co ban phuong
trinh thiét ké, cling voi thuc nghiém da duoc
chung minh kha nang van hanh dat hi¢u suét cao.
Mb hinh Cfturbo hoan toan 1a tham sb do két qua
stra ddi hinh hoc déu phu thudc vao cac bo phan
cta mo hinh dugc tinh toan tu dong.

2.1.2 Cdc théng so thiét ké

Piém thiét ké quat:

Phan mém Cfturbo sé thiét ké so bo kich
thudc hinh hoc gudng canh dua theo bo thong
s6 dau vao (design point) bao gdm: luu luong,
chénh 4p/ti s6 nén, sb vong quay guong canh va
thong s6 luu chét.

Trong béo cdo nay, sé trinh bay két qua thiét
ké, mo phong ctia 3 mau (Hinh 5, Hinh 6, Hinh 7):

- Quat ly tam AES.FAN175003750 vdi
thong sé yéu cau (Hinh 5):

+ Luu luong: 17.500 [m*/h]

+ Chénh ap: 3.750 [Pa]

+ 86 vong quay: 1.950 [rpm)]

+ Luu chat: Khong khi ¢ 170°C

Hinh 5. Piém thiét ké ciia quat ly tAm
AES.FAN175003750 tir Cfturbo

- MVR Blower véi théng s6 yéu cau (Hinh 6):
+ Luu luong: 27.756 [m*/h]

+ Chénh ap: 9.200 [Pa]

+ 86 vong quay: 6.000 [rpm]

+ Luu chat: Hoi nuéc ¢ 73,54°C

MVR - Turbofan (quat ly tm tbc @6 cao) h

Vo Versw Cordr Velocty
Power
Torque
Pequred drang powe: L RA W PRI B
Requred power mc meter osies LT
-

Powe s L =
~Stage effcsency

Internal eficency

Sagediciend; L

Stage effcrency mcl mator o [TRY

Hinh 6. Diém thiét ké ciia MVR Blowers
trong phin mém Cfturbo
- MRV Turbofan véi théng s yéu cau (Hinh 7):
+ Luu lugng: 27.756 [m*/h]
+ Chénh ap: 9.200 [Pa]
+ S6 vong quay: 6.000 [rpm]
+ Luu chit: Hoi nudce ¢ 73,54°C

MVR Blowers (May nén ly tam toc d9 thap) Fﬂ

Hinh 7. Diém thiét ké cia MVR Turbofan
trong phin mém Cfturbo

Xdc dinh théng sé hinh hoc:

MVR ¢6 ciu tao bao gém cac chi tiét vo
cung phirc tap. Trong dé, gudng canh va vo 1a
“trai tim” cua MVR c¢ vai tro chinh trong viéc
nén luu chat. Thong s6 hinh hoc ciia guong canh
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vO cung quan trong, mdi mot thong sb cua
gudng canh thay doi déu anh huéng dén hiéu
suét lam viée. Vi vay, dé c6 dugc mot gué)ng
canh hoan hao can phai thyc hién tinh toan, mo
phong nhiéu lan. Cac loai guong canh trong may
thuy khi khéc nhau vé thiét ké tuy thudc vao
thong sb diém 1am viéc, loai luu chét. Phai can
than trong qua trinh lya chon dé dam bao hiéu
sudt lam viéc va tudi tho. Phadn mém Cfturbo s&
hd trg tinh toan tiy theo cai dat thiét ké, hd tro
céc k¥ su thiét ké d& dang xac dinh va thay d6i

“ - Comamnert | DVem | AFSFASTSUIAN-Ack [IAN] - CFuesa 225 B

samane

* | opeL 5w B4 - «
¥ woneL s =R
R v
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céc tham s trong viée tinh toan kich thudc hinh
hoc gudng canh. Gudng canh dugc chia ra lam
2 loai: Gudng canh kin va gudng canh ho. Cac
loai khac nhau vé bién dang 14 canh, hudng
canh. Mdi loai ¢6 vu va nhugc diém khac nhau
tuy thudc vao ing dung. AES da nghién ctru tng
dung mot sb dong cu thé:

- St dung bién dang 14 canh cong di véi
dong quat ly tam (Hinh 8) véi téc d gudng canh
quay tir 1000 + 3000 v/ph. Uu diém cua loai canh
nay 13 hiéu suit cao, huéng dong chay on dinh.

s x| vewe [V | couer Velocity

@|| Schematic sketch for illustration only

s00 {radial coordinate
r [mm]

dH

Zax
z Immi
axial coordinate|

-100 0 100 200 300

Hinh 8. Quat ly tam AES.FAN175003750

- Str dung bién dang 14 canh thudc dong
quat ly tdm c6 ty s6 nén trung binh vdi tc do

Crmpmems | ESA AL OWL IR0 MY STAGE MO 1] 11 COMSMEION - Churte 151 ¥

trung binh. Dong nay goi 1a dong may nén ly
tam toc do thap (Hinh 9).

a

® ., Jradial coordinate
r [mm]

[rm—
| A Ve

Hinh 9. MVR Blowers (May nén ly tAm tdc d thap)
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- Su dung bién dang 14 canh thudc dong
quat ly tdm véi toc d6 canh quay tir 4.000 —
12.000 v/ph. Dong nay goi la dong Turbofan
(Quat ly tdm téc do cao) (Hinh 10). Uu diém

ctia dong Turbofan 1a dé& ché tao gudng canh véi
céc 14 canh 13 cac cung tron vi thé cho gia thanh
san xuat ché tao thap hon dong may nén ly tdm

[6.[7].

radial coordinate
r [mm]

dH

Z-ai
z [mm]
axial coordinate

e -100 (] 100 200

Hinh 10. Turbofan (Quat ly tim téc dd cao)
Bang 1. Céc thong s6 hinh hoc chinh chon khi thiét ké
Gia tri
Tén thong sb Don vi Quatly tim MVR Blowers Turbofan
AES.FAN175003750
Pudng kinh gudng canh inlet ds [mm] 401 392 308
Pudng kinh gudng canh outlet d> [mm] 937 828 844
Bé rong canh inlet bre [mm] 173 128
Bé rong canh outlet b, [mm] 106 65 67
buong kinh hub dy [mm] 120

Bién dang vo xodn dc dugc tinh bang ly
thuyét cua Pfleiderer hodc Stepanoff. Cac quy
tdc dua trén hinh hoc dugc xac dinh bai chiéu
cao mit cat, dién tich mat cat ngang hodc ty 1€
gitta dién tich va ban kinh khdi tam.Theo kinh
nghiém cuia Pfleiderer da chi ra rang ton that c6
thé duoc giam thiéu dang ké néu vo xoan dc co
kich thude sao cho chat 1ong chay theo nguyén
ly bao toan momen dong luong [1]. Do do, dién
tich mat cit ngang duoc thiét ké phu hop véi
nguyén ly bao toan mémen dong lugng, tuc 1a

moémen dong lugng thoat ra khoi banh cong tac
1a khong doi.

Ngoai ra, c¢6 thé c6 thiét ké vo xoan dc véi
van téc khong ddi trén tat ca cac mit cit ngang
ctia chu vi. Theo Stepanoff, van téc khong dbi
nay c6 thé duge xic dinh bang thuc nghiém:
Cac h%lng $6 ¢6 thé duoc xac dinh phu thudc vao
tdc d6 dic trung ng [1]. Tir kinh nghiém va thuc
nghiém cua 2 ly thuyét, Cfturbo di xdy dung
ham xép xi theo toc do dac trung ng dé chon céc
hé sé tinh todn.
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3. KET QUA
3.1 M6 phong dong chay trong MVR bang phan
mém SIMERICS MP+

Thiét ké phan mém:

Phan mém Cfturbo trong qu4 trinh tinh todn
thiét ké sir dung cdc ham xap xi dé du doan céc
hé s6 thuc nghiém kha chinh xac, déng thoi cho
phép xap xi dé chon dugc hidu suét tong thé cao.
Tuy nhién dé danh gia va t6i wu thuc nghiém
truéc hét can kiém tra bing mo phong CFD
dong chay dé danh gia céc tiéu chi khéac trong
d6 danh gia gia tri hiéu suat (14 hét sic quan
trong dé nhan biét chénh ap c6 dugc sau khi mo
phong so véi thiét ké thip hon bao nhiéu %.
Thiét ké may thiy khi rat phirc tap va khong thé
xtr Iy md hinh bang cac phuong trinh toan hoc.
Céc thiét ké s& trd' nén kém hiéu qua néu khong
duogc kiém tra hiéu suat 1am viéc bang mo phong

CFD. Do d6, Cfturbo cho phép lién két vai
nhiéu ph?m mém CAD/FEM/CFD hién dai nhét,
céc phan mém mod phong thuong mai tét nhat
trén thi truong d¢ tao ra do tin cay két qua cho
thiét ké [1].

Qua trinh moé phong dong chay CFD dé
danh gia cac thong s ky thuat tir thiét ké,
chtng t6i st dung phan mém Simerics MP+,
day 12 phan mém tir hang Simerics ndi tiéng tir
USA ma AES Viét Nam duoc chi dinh [am d6i
tac chinh phat trién tai Viét Nam va cac nudc
trong khu vuc. Simerics ¢ wu diém 1a toc do
moé phong nhanh, két qua chinh xac va c6 gin
két cac thong tin - diéu kién bién tir Cfturbo
diéu nay gitp qua trinh thiét ké giam rat nhidu
thoi gian thuc thi thuc hién mé phong CFD va
cho phép danh gia t6i wu cac thong sb thiét ké
(Hinh 11).

@ Design @ Validation @ Product
Grid generation CFD/FEM Simulation
e CEM-CFD, TurboGrid, R CFX, FineTurbo, Pumplin ===
Pointwise, AutoGrid, Gambit ... CCM+, Crdesign, OpenFOAM... |
Dinsensioning. Optimization
Design P Product

CFturbo”

CAD

Catia, SolidWarks

R UG Nk., —_—

ProE, Inventor, BladeGen...

interactiv or automatic

Measurement

Rapid Pratotyping,

Validation

|

Hinh 11. Quy trinh thiét ké, mé phéng lién két tir Cfturbo véi mé phong CFD

Xay dung mo phong:

Nho vao lién két phan mém, chiing t6i c6 thé
nhanh chéng chuyén tir mé hinh thiét ké CAD
sang md hinh mé phong. Piéu kién bién va luéi
duoc tu dong cai dat nén cac budc thuc hién
thuén tién:

- Bude 1: Sir dung phan mém Cfturbo thiét
ké bién dang hinh hoc.

- Budc 2: Lya chon phan mém md phong
Simerics va xut file.

- Bu6c 3: Mo phan mém file Simerics va
thuc hién mo6 phong (Hinh 12).
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Hinh 12. M6 phéng MVR Turbofan bing phin mém Simerics

Chia ludi trong mé hinh CFD dé dat két qua
chinh xéc 14 thach thie ddi véi cac k§ su mo
phong. Mot trong nhitng yéu té gop phan tao
nén thuong hi¢u Simerics 1a kha nang chia ludi
(Hinh 13).

Hinh 13. Chia luéi quat ly tim
AES.FAN175003750 bing phin mém
Simerics

Simerics st dung thuat toan nhi phan CAB
(Conformal Adaptative Binary-tree) dé tao ra
cic 6 luéi lyc dién [2]. Uu diém viéc chia ludi
bang phin mém Simerics:

- Dé dang sir dung v&i tinh ning tao ludi tu
dong: phén mém sé tu dong tang mat do ludi dé
giai quyét cac bé mat hinh hoc phirc tap dam
bao do chinh x4ac hinh hoc.

- Thoti gian tao ludi cho céc file CAD nhanh,
khéng can don gian hoa hinh hoc: Nhiéu bé mat
CAD khong hoan toan kin van c6 thé tao ludi
hop 1y bang cach ty dién diy ma do chinh xac
bi giam di khong dang ké.

- Chét lugng ludi vuot trdi: Hau hét cac ludi
duoc tao ra la cac 6 luc dién Descartes rét thich
hop cho nhiéu bai toan can do chinh xac cao. Dé
co6 cung muc do chinh xdc thi ludi luc dién can
it phan tir hon ludi ti dién [2].

Simerics MP+ dd nhiéu lan duoc chimg
minh 1a nhanh hon ding ké so vé&i cc phan
mém mo phong khac, cho phép mé phong phic
tap hon [2]. Cu thé ddi véi quat ly tam
AES.FAN175003750 véi 3.429106 Million
cells chi mét 30 phut dé bai toan mo phong hoi
tu (Hinh 14).
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Centrifugap fan - AES.FAN175003750

One passage per blade row meshed: 3.429106 Million cells

30 min on 1 CPU intel(R) Xeon(R) E-2176M CPU @ 2.70GHz 2.71 GHz

d&) Simerics

TECHNOLOGY BY DESIGN

0 100 200

——dekap (t-) [Pa]

400 500 600

—— detap (t-1), [Impetier_1] [Pa]

Hinh 14. Do thi hdi tu qua trinh mé phéng CFD bang phin mém Simerics dbi voi quat
AES.FAN175003750

Phan mém Simerics MP+ str dung mé hinh
16i k-g. M6 hinh k-epsilon (k-g) 1a mé hinh pho
bién nhat dé mo6 phong cac dic tinh dong chay
trung binh cho cac diéu kién dong chay réi.
Pay 1a mo hinh d§ nhdét Eddy, mot loai mo hinh
nhiéu loan dugc st dung dé tinh toan ung suét
Reynolds. Hai bién van chuyén 1a dong ning
hon loan (k), x4c dinh nang luong trong hon
loan va tde do tiéu tan hon loan (e), xac dinh
tdc d6 tidu tan dong nang hdn loan [3]. M6 hinh
nhidu loan K-epsilon (k-€) 1a mo hinh phd bién
nhat dugc s dung trong dong luc hoc chat
16ng tinh toan (CFD) dé mé phong cac dic tinh
dong chay trung binh cho cic diéu kién dong
chay rdi. Vi vay, trong nghién ctru ndy, mé hinh
k-epsilon da dugc st dung mang lai do chinh
x4c va hiéu qua tinh toan tot. M6 hinh nay
duoc str dung vi n6 da cé san hon mét thap ky
va da dugc chimg minh rong rai 1a mang lai két
qua k¥ thuat tot cho nhiéu img dyng. M6 hinh
(k-¢) ti€u chuén, duogc sir dung cho ciac mo
phong duoc trinh bay trong bai viét nay dua
trén hai phuong trinh sau [3]:

Doi v6i dong nang hon loan k:

9(pk) , 9(pUik) _ Ay ue\| 9k
+ - [( O'k) ax]' + Pk +

ot Ox; axj
Pb — P& + Sk (1)
Trong do:

Py 12 d6ng nang hdn loan do vén tdc cit trung
binh; Pj 12 dong ning hon loan do lyuc ndi; Sy 1a
thong sé xac dinh theo timg bai toan; oy 1a sd
Prandtl hén loan cho k.

Déi véi tde do tiéu tan dong nang hon loan &:

d(pe d(pU;e a de

e = e )l
CEPHCP) — Cpo+S. ()

Trong do:

C1, Ca, C3, Cy 12 céc hé s& md hinh thay ddi
trong k— mo hinh nhiéu loan; S, 1a thong s6 xac
dinh theo tung bai toan; o; la s6 Prandtl hdn
loan cho .

3.2 So sanh tinh todn 1y thuyét va két qud mé phong
3.2.1 Két qua mé phong

Két qua dugc xuét tir Simerics cung cip
thong tin co gia tri can thiét v& may thuy khi
canh dan Turbomachinery dugc thiét ké. Két
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qua md phong dugc st dung dé tbi wu kich
thude hinh hoc ca gudng canh va vo xodn b¢ va
du doén cac loai hiéu suat. Mo phéng CFD tu
Simerics tiét kiém dugc rat nhiéu cong suc,
ngoai ra con rut ngin toan bo qua trinh thiét ké.

3.2.2 Két qua mé phéng quat ly tim
AES.FAN175003750

Doi voi quat ly tam dang xét, sau khi tinh
toan thiét ké va mé phong CFD da duoc téi vu
thong s6 hinh hoc va dua vao gia cong ché tao
gudng canh. Chiing t6i tién hanh dénh gia sai s6
gia cong bang cong cu scan 3D quét kich thude
hinh hoc va tiép tuc mo phong CFD tir Simercis
dé danh gid va du doan dung va gan véi thuc té
nhat (Hinh 15). Két qua sai s6 ché tao dugc xac
dinh 13 khoang tir 3-4%, sai s6 chu yéu tir cac

kich thudc ctiia mién kinh tuyén trong do sai s6
dang quan tam 13 gia tri bé rong gudng canh
outlet bs.

inh gia profile |3 cinh 1 [R_uén cong = 450.91mm)
iEm check Thist ke S Sai lkch

“ ¥ ¥

iEm 1 34| 47| 25| 47
igm 2 2346 | 3745
2511 | 3300

2 T
0

021 0.09] 0.05

= -’_

idm & 25| 81
Iém 8 2088 | 2371
iém 6 2717 1896
jam 7 3686 | 1423] 2
idm 8 2405 | G e
iém s 470 as8| 2473] 288
mim 10 2295 57| 2282 a1

571
185.6
142.2

)

Hinh 15. Scan 3D gudng canh va danh gia
sai s6 gia cong

Bang 2. Két qua mé phong CFD tir Simerics véi quat ly tim dang xét doi voi guong canh Scan3D

Power. Ttorque
Deltap 3;3 Delta p (t-t) [Pa] Efﬁ(tte;q E_}], [Impeller_li [Impelleil_l]’ f\]/((:\l:/ugl;gls;

[W] [N-m]

Module Module
Iteration ~Module Data Module Data Module Data Module Data

Data Data
0 0 0 nan 0 0 0
1 1.56E-08 362.726 13.5059 130.554 0.639333 4.86111
2 501.152 863.877 0.0676539 62071.9 303.971 4.86111
3 5720.31 6083.04  0.722853 40907.9 200.329 4.86111
486 2731.66 3110.34  0.732404 20643.9 101.095 4.86111
487 2732.45 3111.19 0.73307 20630.8 101.031 4.86111
488 2733.98 3112.77  0.734029 20614.3 100.95 4.86111
489 2736.1 311495  0.735087 20599.1 100.875 4.86111
490 2738.28 3117.19  0.736204 20582.6 100.795 4.86111
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Power, Ttorque,

Deltap E;:; Delta p (t-t) [Pa] Efﬁ((;ite)n [C_}]I [Impeller 1] [Impeller 1] Xz\l:rg:;z;
[W] [N-m]

491 2741.69 3120.66  0.737665 20564.7 100.707 4.86111
492 2745.47 312448  0.739164 20548.2 100.626 4.86111
493 2747.79 3126.86  0.739941 20542.2 100.597 4.86111
494 2749.98 3129.09  0.740877 20530.8 100.541 4.86111
495 2751.48 3130.62  0.741236 20531 100.542 4.86111
496 2751.97 3131.15  0.741059 20539.3 100.583 4.86111
497 2752.24 3131.45  0.740671 20552.1 100.645 4.86111
498 2752.35 3131.58  0.739854 20575.6 100.76 4.86111
499 2752.33 3131.59  0.738721 20607.2 100.915 4.86111
500 2752.26 3131.53 0.73781 20632.3 101.038 4.86111

Ta Bang 2 cho thdy quat ly tim
AES.FAN175003750 dat chénh ap tong 2.752,2
Pa véi hiéu suét tong thé ciia quat i = 73,78%.
Tur két m6 phong CFD ciia Simerics cho phép
kiém so4t dugc thong sé hinh hoc cia gudng
canh va diéu chinh thiét ké voi thong sd dau
vao. Panh gia dugc chénh ap tao ra so v6i diém
thiét ké ciing nhu 1am viéc yéu cau dé tir d6 tbi
uu hoa két cau hop 1y vé kich thude va vat liéu
ciing nhu lya chon téc d¢ quay ctia gudng canh.

Vi hiéu suat du doan tir thiét ké Cfturbo tir
thiét ké ban dau 1a ny = 88,2%, do dic thu tim
vong trén Shroud thue té chua thé dau tu méay san
xut chuyén dung nén phai dung khuén dap tdm
ép kim loai day 5Smm dé dat ban kinh thiét ké tén
kém chi phi, dé don gidi hoa ching t6i da thuc
hién bi¢n phap han 1 try tron vdi tAm con. Trong
Cfturbo chung t6i lya chon ban kinh r = 10 mm
va két qua tir Simerics mo phong CFD cho duoc
két qua hiéu sut dat ny = 79,1% (Bang 3).

Bang 3. Két qua mé phéng CFD tir Simerics xuit ra tir Cfturbo véi thiét ké ban diu

Delta p Deltap  Efficiency I lflowelr, I Tlc1>rqu1e, Volumetric

(t-s)[Pa]  (t-t) [Pa] (tpy[] Lmpe Bi;v } [Tmpe [g_—m} flow [m¥/s]

Iteration Module Data Module Data Module Data Module Data Module Data Module Data
0 0 0 0 0 0

1 -2.34E-08 362.726 10.9059 0.161679 0.791756 4.86111

2 117.292 480.018  0.0538195 43.3564 212.32 4.86111
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Power,

Torque,

(tz;: lgliar]) (tl-)t)e l[ts ;]) Efﬁ(if)n F_}], [Impeller 1] [Impeller 1] Xg&ll[n;g:]:
(kW] [N-m]

3 11609.9 11972.6 1.1481 50.6929 248.247 4.86111
482 2805.33 3192.31 0.791086 19.6163 96.0624 4.86111
483 2805.55 3192.55 0.791357 19.611 96.0367 4.86111
484 2805.72 3192.74 0.791521 19.6081 96.0225 4.86111
485 2806.06 3193.09 0.791715 19.6055 96.0096 4.86111
486 2806.4 3193.45 0.791953 19.6018 95.9914 4.86111
487 2806.95 3194.01 0.791991 19.6043 96.0038 4.86111
488 2808.06 3195.13 0.79171 19.6182 96.0716 4.86111
489 2809.01 3196.1 0.791241 19.6358 96.1578 4.86111
490 2811.87 3198.98 0.791145 19.6558 96.2559 4.86111
491 2814.72 3201.84 0.791338 19.6686 96.3185 4.86111
492 2820.49 3207.62 0.79253 19.6745 96.3474 4.86111
493 2821.59 3208.74 0.792801 19.6746 96.348 4.86111
494 2821.64 3208.81 0.793227 19.6645 96.2983 4.86111
495 2821.37 3208.54 0.793547 19.6549 96.2515 4.86111
496 2819.7 3206.89 0.793922 19.6355 96.1566 4.86111
497 2816.85 3204.05 0.79341 19.6308 96.1334 4.86111
498 2810 3197.21 0.792125 19.6206 96.0838 4.86111
499 2808.74 3195.97 0.791785 19.6214 96.0875 4.86111
500 2807.57 3194.8 0.791402 19.6238 96.0991 4.86111

Ban kinh r = 10 cta tAim Shroud anh huéng
1 rét tdi khi dong & duong nap vao 14 canh va
mién kinh tuyén cua gudng canh, két qua mo
phong CFD cho ta thdy hiéu suét cua quat ly tim
giam 9% so véi ly thuyét tinh toan du doan tir
Cftrurbo. Cai thién viéc gia cong tim Shroud ¢
ban kinh r dung theo thiét ké Cfturbo s& cai thién
duoc hiéu suat ciia may thily khi canh dan - quat
ly tAm. Hiéu sut téng thé ciia quat md phong
CFD tir guong canh scan 3D cho ta cac két qua
gin sat voi thuc té, hiéu suat dat 73.7% (bang 2)

giam hon 4% so vé6i két qua tdi vu Iy thuyét didu
nay phan anh ding thuce té do sai s6 gia cong da
n6i ¢ trén va dic biét 13 sai sd bé rong gudng
canh outlet b,.

Nho két qua md phong CFD tir Simerics
chung t6i khong chi diéu chinh thong sb hinh hoc
thiét ké tir Cfturbo ma con diéu chinh d6 ga ché
tao dé giam thiéu sai s6 gia cong gudng canh,
giam sai s6 gia cong thap nhat c6 thé dé nang cao
hiéu suét cta quat cho cac du an tiép theo.
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:35?5 Simerics

R Simeric:
o Simeries

Flow: Velocity Magnitude [m/s]
12643

110.626
943222
79.0185
632143
474111
316074
15.8087

o

(a) (b)
Hinh 16. Két qua md phéng chénh ap tong (a) va véan téc dong chay (b) ciia quat
AES.FAN175003750 xuit tir phan mém Simerics
3.2.3 Két qud mé phéng MVR Blowers Tir bang két qua 4 mo phong ludi dong -
transient cho thdy MVR Blowers dat chénh ap
tong 10066.3 Pa véi hiéu suat tong thé 83.83%.

Bang 4. Két qua mé phéng MVR Blowers xuit tir phan mém Simerics

Delta p (t-t) Deltap (t-s)  Efficiency [Impell)l(;:v_elr]’ [Imp;rlcl):rlilf]’ Mass flow

[Pa] Pa] (O[] Wi o [ke's]

Time [s] Module Data Mogz}[z Module Data Module Data Module Data Module Data
0 0 0 nan 0 0 0
3.13E-05 9842.33 9120.11 0.80857 853.945 1.3591 1.74916
0.026781 10032.6 9312.91 0.817291 84456.1 134.416 1.74916
0.136344 10073 9348.57 0.838526 83847.1 133.447 1.74916
0.136375 10073.4 9348.96 0.838521 84061.7 133.788 1.74916
0.136406 10072.9 9348.61 0.838505 84296.6 134.162 1.74916
0.136438 10071.9 9347.69 0.83848 84475.7 134.447 1.74916
0.136469 10070.5 9346.4 0.838448 84514.1 134.508 1.74916
0.1365 10069 9344.99 0.838413 84427.8 134.371 1.74916
0.136531 10067.7 9343.72 0.838378 84386.1 134.305 1.74916
0.136562 10066.6 9342.82 0.838346 84402.4 134.331 1.74916
0.136594 10066.1 9342.44 0.838319 84337.4 134.227 1.74916
0.136625 10066.3 9342.69 0.8383 84164.4 133.952 1.74916
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&Simerics &Simerics

Flow: Total Pressure [Pa]

53459.5 Flow: Velacity Magnitude [m/s]

257.406
50433.3

47407.2 22523

193.054
160,879
128,703
96.5271
64,3514
321757

0

(a) (b)

Hinh 17. M phong chénh ap tong (a) va van téc dong chay (b) ciia MVR Blower bing phan
mém Simerics
3.2.4 Két qua mé phong Turbofan Tir bang két qua 5 mod phong ludi dong -
transient cho thiy Turbofan dat chénh 4p tong
8578,92 Pa véi hiéu suét tong thé 79,2%.

Bang 5. Két qua mé phéng Turbofan xuat tir phan mém Simerics

Power, Torque,

Deltap (t-s) Deltap (t-t)  Efficiency (mpeller 1] [Impeller 1] Mass flow

[Pa] Pal (0[] Wi Ny ke

Time [s] = Module Data Module Data Module Data Module Data Module Data MO;ZZ
0 0 0 nan 0 0 0
2.31E-06 -4.37E-11 746.762 13.478 427.18 0.679878 1.76301
4.63E-06 -1.93E+07  -1.93E+07 -1.94472 7.66E+07 121853 1.76301
6.94E-06 -43922.9 -43176.1  -0.242375 1.37E+06 2185.9 1.76301
9.26E-06 941491 10161.7 0.179527 436405 694.56 1.76301
0.016292 7847.8 8602.72 0.793981 83537.2 132.954 1.76301
0.016294 7843.41 8598.35 0.792593 83641 133.119 1.76301
0.016296 7837.89 8592.84 0.792373 83610.6 133.07 1.76301
0.016299 7825.5 8580.46 0.792723 83453.3 132.82 1.76301
0.016301 7835.79 8590.76 0.793674 83453.4 132.82 1.76301
0.016303 7845.28 8600.27 0.794273 83482.7 132.867 1.76301
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Deltap (t-s) Deltap (t-t)  Efficiency [Impell)l(e):\rielr]’ [Impezcl)er?ille]’ Mass flow

[Pa] Pa] (0[] W e

0.016306 7846.43 8601.43 0.794142 83507.7 132.907 1.76301
0.016308 7837.36 8592.37 0.793975 83437.3 132.795 1.76301
0.01631 7826.76 8581.78 0.794178 83313.2 132.597 1.76301
0.016313 7820.28 8575.32 0.79402 83267 132.524 1.76301
0.016315 7822.67 8577.72 0.793847 83308.5 132.59 1.76301
0.016317 7818.05 8573.11 0.792494 83405.9 132.745 1.76301
0.016319 7823.84 8578.92 0.792325 83480.2 132.863 1.76301

& Simerics

&S\memcs

: o
(a) (b)
Hinh 18. M6 phong chénh ap tong (a) va vén téc dong chay (b) ciia Turbofan biang phin mém
Simerics
3.2.5 So sanh két qua thuy khi canh dan Quat/Blowers/MVR tai thi
Két qua tinh toan thiét ké va két qua tir mo truong Viét Nam va xuat khau ra cac nude trong

phong CED 16 rang chénh 1éch khong nhiéu nim vire va thdm chi 13 cac nude khac trén Thé gidi
trong pham vi 5+10%. Néu cai thién van dé gia dé dat céc tidu chuan dé ra.
cong va sai s6 ché tao thi hiéu suét dat dugc thuc 3.3 Thir nghi€ém san pthlm thiét ké mau (Quat
té s& gan véi 1y thuyét tinh toan tir Cfurbo, day 1a ly tim AES.FAN175003750)
van d& quan trong dé phat trién va san xudt may 3.3.1 Phuong phap va trang bi thir nghiém
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Hé thong duwong ong din khi
vao vara

Thiét bi do lwu lrgng dng pitot
va cam bién do toc dd gi6

Thiét bi do d on

Hinh 19. Mot s6 trang thiét bi dung thir nghiém quat ly tim AES.FAN175003750

Quat ly tam AES.FAN175003750 duoc
test do déy du thong s6 chénh ap, luu luong, do
rung, d6 6n déu dam bao ddp tmg moi tiéu
chuan. Chuing t6i vira thyc hién do co thong qua
céc phuong thirc truyén théng, vira dong thoi sir
dung cac thiét bj do dién/dién tr, két ndi véi ti
diéu khién céac ché do hoat dong, truyén tin hiéu
thong s6, duong dac tinh hién thi trén cac thiét

bi may tinh, dién thoai thong qua nén tang l[oT.
(Hinh 19).
3.3.2 Két qua test quat ly tam AES.FAN175003750
Két qua test thuc t& trén Bang 6 cho thay
tinh chinh x4c cua phuong phdp mo6 phong khi
thiét ké duoc 4p dung, trén thuc té, sai s6 phan
tram nho hon 4% trong khi & nhiéu diém sai s6
gan bang 0.

Bang 6. Két qua test thue té quat ly tim AES.FAN175003750

Théng s6 Mé van 100% Mé van 25% M¢ van 5%
Luu lugng [m’/h] 16.110 15.042 11.014
Chénh 4p tong [Pa] 4.450 4.778 4.940
Tan s6 dong co [Hz] 45 45 45
S4 vong quay gudng cénh [v/ph] 1.755 1.755 1.755
Cong suét thuy luc [kW] 19,91 19,96 15,11
Cong suat tidu thu dién [kW] 24,3 242 21,2
Hiéu suét tong thé [%] 76,6 78,3 71,26
Do on [dB] 84 84.2 87
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4. KET LUAN

Dé san xudt ché tao MVR cin phai ché tao
Bom/Quat/Blowes vé&i thong s6 thuc té dat
dugc t6i vu nhu: Chénh 4p, luu lwong, hidu suit
tong thé cing nhu d6 6n thap, rung dong thap,
tin can va 6n dinh trong van hanh. Két qua cho
thiy khi dung Cfturbo va Simerics mé phong
khi dong hoc CFD cho két qua gan sat véi thuc
té v6i % sai sO thap. Tdi wu gia cong ché tao
trong san xudt s& giam thiéu sai sé so véi ly
thuyét diéu nay s& gép phan cho ra doi cac san
pham thudc linh vic may thiy khi canh din c6
chat lugng tét khic phuc tinh trang hién tai &
Viét Nam chung ta dang phu thudc nhiéu vao
nhap khau & cic nudc phat trién. M& rong thi
trudng vé cac san pham mdy thity khi canh dan
cu thé nhu Bom/Quat/Blowers trong nudc theo
nhu cau cua dai da sé doanh nghiép c6 nha may
san xuét cong nghé thuc phém, hoa loc dau, hoa
chit, san xuat kim loai va nganh cong nghiép
ché bién, cong nghiép say,...

Nghién ctru trén day cho phép chung ta rat ra
duogc nhimg két luan sau: (i) MVR 1a may thay
khi canh din ¢6 ciu tao co ban nhu quat va may
nén ly tdm cong nghi€p nhung c6 chirc ndng nén
tang nhiét o luu chat 1a hoi nudc bdo hoa, khi
tmg dung phan mém Cfturbo cho phép thiét ké
mo hinh hinh hoc nhanh chdng va chinh xéc; (ii)
Két qua mo phong ding phin mém Simerics, toc
d6 chay m6 phong nhanh cho phép xac dinh cac
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thong s6 dic thi nhu chénh ap, luu luong va cac
loai hiéu suat ciing nhu d can bang ciia gudng
canh; (iii) Hiéu suét giita tinh toan ly thuyét tir
Cfturbo va hiéu suit tir phan mém mé phong
Simerics c6 sai s6 khoang 4% néu str dung bai
toan ludt truot Steady. Thuc té dé danh gid ding
ban chét cia may thuy khi canh dan can phai mo
phong CFD luéi dong tirc thdi Transient, két qua
chung t6i d3 mé phong nhidu truong hop tir
Simerics nhan thdy hiéu suét tong thé bang voi
hiéu suét tir tinh toan 1y thuyét ciia Cfturbo tuy
nhién can nhidu thoi gian va tbi thiéu tir 72-100
gio. AES Viét Nam hién nay la déi tic chinh cua
nhiéu hang dimg dau cong nghé san xudt may
nén ly tam MVR: Boldrochi Group, Piller SEA
Pte.Ltd, TurboVap va ciing 1a déi tac chinh cua
phan mém thiét ké Cfturbo, Simerics, Catia. Hién
nay AES Viét Nam 1a don vi d4u tién nghién ctru
va phat trién thiét bi nén hoi bdo hoa MVR tai
Viét Nam. Trong thoi gian dén AES Viét Nam
sdn sang hop tac chuyén giao ky thuat, tham gia
dao tao nhan lyc dé phat trién doi ngti nghién ctu
gbp phan tao ra nhiéu san pham co khi c6 tinh
g dung cao cho dét nudec.
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Nhém tac gia chan thanh cAm on su hd tro
tao diéu kién cho phép st dung phan mém
Cfturbo, Simerics va ché tao mau thuc nghiém
cua lanh dao Coéng ty C6 phan Giai phap Ty
dong hoa K¥ thudt Viét Nam.
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