TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Ky thuat va Cong nghé Hang hai

NGHIEN CU'U HIEN TUQNG NHIEU LOAN DONG CHAY
CUA QUAT HUONG TRUC TREN TAU BIEN:
CO CHE, NGUYEN NHAN VA GIAI PHAP KHAC PHUC
STUDY ON FLOW INSTABILITY IN MARINE AXIAL FANS: MECHANISMS,
CAUSES, AND MITIGATION MEASURES
NGO NGOQC LAN*, PHAM VAN DUNG, TRUONG HAI NAM
Khoa May tau bién, Truong Dai hoc Hang hai Viét Nam
*Email lién hé: lannn.mtb@yvimaru.edu.vn
DOI: https://doi.org/10.65154/jmst. 1062

Tém tit

Nghién ciru nay mé phong hién tiwong mdt on dinh
dong chay trong quat huéng truc ciia hé thong
théng gié buong may trén tau bién, xudt phdt tir
thue té khai théc khi thuyén vién thieong déng mot
phan van buwém gié (damper) nham gidm heu
lirong gi6 hodc dong han tai cac khu vue khéng cé
nhu cau. Viéc diéu chinh ndy tuy thugn tién trong
vdn hanh nhung cé thé lam suy gidm hiéu sudt
quat, gia tang rung dong va dao déng ap sudt, tir
do anh huong dén ds tin cdy khai thac cua hé
théng. Qua mé phong tinh todn dong lwc hoc thiy
khi (CFD), két qua chi ra rang khi dg mé ciia van
budm gio giam, tré luc hé thong ting cao khién
diém lam viée cua quat dich chuyén vé vimg luu
liong thap va dp sudt cao. Diéu nay dan dén sw
hinh thanh cdc ving xody loc va gia tang nguy co
that toc khi dong (stall). Pac biét, khi van buém
gio dong tir 70-75%, lwu lwong gio suy giam manh
khién kha nang lam mat dong co bi han ché, lam
ting nguy co qud nhiét va cé thé dan téi chdy déng
co du khong co hién twong qua tai dién. Nghién
ctiu ciing chitng minh rang viéc giam toc do quay
clia quat giip cdi thién dang ké do on dinh cia
dong chay. Tir d6, nhém tc gid dé xudt cdc gidi
phdp nhw sv dung bién tan dé diéu chinh luu
liwong va trang bi cam bién dp sudt dé giam sdt,
nham néng cao do tin cdy va tudi tho cho hé thong.
Tir khéa: Quqt hru’o"ng truc tau bién, mat én dinh
dong chay, that toc khi dong (stall), tinh toan dong
luc hoc thuy khi (CFD), van buom gio (damper).
Abstract

This study simulates flow instability in marine
axial fans within HVAC systems, arising from
operational practice where crew members
partially close dampers to reduce airflow or fully
closing dampers in areas without cooling demand.

While this adjustment is operationally convenient,
it can degrade fan performance and increase
vibration and pressure fluctuations, thereby
affecting the system's operational reliability.
Through Computational Fluid Dynamics (CFD)
simulations, the results indicate that as the
damper opening decreases, system resistance
rises, shifting the fan's operating point toward a
low-flow and high-pressure region. This leads to
the formation of vortices and an increased risk of
aerodynamic stall. Notably, when the damper is
70-75% closed, the significant reduction in
airflow limits motor cooling capacity, leading to
an increased risk of motor overheating and
potential burnout despite the absence of electrical
overload. The research also demonstrates that
reducing the fan's rotational speed significantly
improves flow stability. Consequently, the authors
propose solutions such as utilizing variable
frequency drives (VFD) for flow regulation and
installing pressure sensors for monitoring to
enhance system reliability and longevity.

Keywords: Marine axial fan; Flow instability,
stall, CFD, damper.

1. Mé dau

Trong céac hé thng sudi 4m, thong gi6 va didu hoa
khong khi (HVAC) trén tau bién, quat hudng truc
truyén dong tryc tiép dugc sir dung rong rdi nho két ciu
don gian, do tin cdy cao va chi phi dau tu thip, dong
thoi van d4p tmg hiéu qua yéu cau van hanh cia hé
thong véi luu lugng 16n va ap sut trung binh [1, 2].

Quat hudng truc thuong duoc thiét ké 1am viéc &
tdc d6 quay khong ddi trong mét dai luu lugng va ap
sudt nhat dinh, tai d6 hiéu suét khi dong dat gia tri cao
nhét [2]. Tuy nhién, trong thyc té, Iuu lugng hé thong
thudng duoc didu chinh bang cach thay d6i d6 mé van
budm gi6 hodc do cic bién dong ngoai ¥ mudn nhu
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tac nghén, thay ddi cu hinh mang ong hodc sai 1éch
véan hanh. Nhitng thay d6i nay c6 thé din dén cac hién
tuong khi dong khong mong mudn nhu mét 6n dinh
dong chay [3].

Nghiém trong hon, néu mét hodc nhiéu hién tuong
néu trén xay ra trong thoi gian dai ma khéng duogc
kiém soat, chung c6 thé dan dén nhiing hu hong
nghiém trong nhu ket quat hodc chay dong co dién.
Trong thuc té, nhom tac gia da tham gia x Iy nhiéu
truong hop lién quan dén cac hién tugng nay, trong d6
¢6 thé ké dén hai trudng hop dién hinh sau:

- Quat huéng truc tao ap duong trong hé thong
phong sach ctia mot nha may san xuét ndi that.

- Quat huéng truc thong gié budng may cua tau
dau co trong tai 1 triéu thung,

Biéu hién chung cta hai truong hop hu hong nay
la cac dong co dién dan dong quat thudng xuyén bi
qua nhiét, mac du khong ghi nhan hién tugng qua tai
va ro le bdo v€ qua tai (OLR) khong tac dong. Trong
qua trinh khéc phuc, nhidu bién phap k¥ thuat da duoc
4p dung nhu quén lai dong co, thay vong bi, tham chi
thay mdi dong co va cac thiét bi bao vé nhu OLR va
khéi dong tir (MCB), nhung khong mang lai hi¢u qua
lau dai va tinh trang hu hong van tai dién. Khao sat
tong thé hé thdng cho thdy nguyén nhan cha yéu xuat
phat tir cac hién tuong khi dong khong mong muén
nhu da dé cap.

Do d6, viéc nghién ctru co ché hinh thanh va cac
giai phap khéc phuc hién tugng mat 6n dinh dong chay
trong quat huéng tryc 14 can thiét nham nang cao do
tin cdy va tudi tho ciia hé thong HVAC trén tau bién.

2. Co s6 Iy thuyét

Theo Dixon va Hall, hién tuong tach dong (flow
separation) trong cac may canh dan (turbomachinery)
1a mot nguyén nhan quan trong gy mét 6n dinh dong
chay va lam suy giam hiéu suit cua thiét bi [1]. Khi
dong khi tich khoi bé mit canh quat, phan bd ap suét
trén canh tro nén khong dong déu, dan dén giam kha
nang tao 4p cua quat va co thé gay dao dong ap sut
trong hé théng.

Greitzer cho rang sy twong tac giita dudng dic tinh
quat va duong dic tinh hé thong c6 thé gay ra cac hién
tugng mét 6n dinh nhu that tdc khi dong (stall) hodc
dao dong khi dong (surge) [2]. Diém lam viéc cua quat
duoc xac dinh boi giao diém cua hai duong dac tinh
nay. Khi van buém gié6 dong mot phﬁn, tré luc hé
thong tang 1én, lam dich chuyén diém lam viéc cua
quat vé ving luu luong thap, noi d& xuét hién that toc.

Tén that 4p suat trong hé thong dng gi6 thay doi
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theo binh phuong ciia luu luong va co thé dugc biéu
dién boi cong thire (1):
AP = K Q? 1)
Trong d6 AP (Pa): Tén that ap suat, O(m*/s): Luu
lwong dong khi va K 1a hé s6 ton that ctia hé thong.
2.1. M6 hinh héa chdy réi

Trong cic hé théng HVAC trén tau bién, sd
Reynolds ciia dong chay thuong rat 16n (khoang 10°
dén 107), do d6 dong chay chu yéu ton tai ¢ trang thai
chay rbi.

Trong nghién ctru nay, moé hinh SST & - w dugc lya
chon do két hop wu diém cua k-¢ (6n dinh & ving xa
tuong) va k-o (chinh xac viing gan tuong), nho do cai
thién kha nang du doédn hién tugng tach dong va cac
cu triic xo4y trong quat huéng truc [6, 7].

Chu thich: Chuyén ddi ing suét cat (Shear Stress
Transport-SST)

Heé phuong trinh chi phdi gdm 3 phuong trinh (2),
(3) va (4) c6 dang sau:

- Phuong trinh dong nang réi (k):

o5 = G+ ) Gl 6 v
2
- Phuong trinh toc d¢ tidu tan riéng (w):
= G+ ) Gl + 6o-
Yo+ D, (3)
- Cong thire tinh d6 nhét rdi:
pe = —E4aF @

max(a,w,S Fp)

Trong d6: k (m%/s?): Pong nang rdi, dai dién cho
nang lugng dao dong cua dong khi; w (1/s): Toc do
tidu tan nang luong rdi riéng; u (kg/m/s): Do nhét
dong lyc hoc; u, (kg/m/s): Do nhét rdi (eddy
viscosity), dai dién cho kha niang khuéch tan dong
luong do cac xody rdi giy ra; Gk, Gw (kg/m*.s%): Cac
thanh phin san sinh dong ning rdi va toc dé tiéu
tin do gradient vin tOc trung binh; Y
Yo (kg/m’.s%): Céc thanh phan tiéu tn ciia kva @ do
dong rdi; Dw (kg/m’.s?): Thanh phan khuéch tan chéo
(cross-diffusion), giip mo hinh 6n dinh va chinh xac
hon khi tinh toan cac vung dong chay cé sy tach 16p
bién dot ngdt do trd luc cta van budém gio; a;: Hing
s6 thuc nghiém (thuong 13y gia tri 0,31); S (1/s): Gia
tri tuyét doi cua bién dang dong chay (strain rate
magnitude), dic trung cho su thay doi véan tdc trong
khong gian; F>: Ham truyén (blending function) thir
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hai, c6 gia tri béng 1 trong vung 16p bién va b'flng 0
trong dong tu do.

Y nghia vat ly: Viéc bd sung thanh phan SF; trong
mau sb cua cong thuc (4) 1a dac diém wu viét cua md
hinh SST. Khi buém gié déng t6i 75%, gia tri bién
dang dong chay S ting dot bién tai cac canh cua van
buém gi6 va bé mat canh quat. Cong thuc nay gilp
gi6i han gia tri cua do nhét réi, tir d6 cho phép mo
phong chinh xac sy sut giam &p suét va hién tugng
tach 16p bién dan dén that tbc ma cac mé hinh truyén
thdng thuong du béo sai léch.

Céac moé hinh chay rbi nay thuong dugc sir dung
trong md phong CFD nhdm mb ta cac hién tuong phi
6n dinh nhu that tc va sy hinh thanh xody 16¢ (vortex)
trong dong chay qua quat [6, 7].

2.2. Cac phwong trinh bado toan

Mot dic diém khac trong cac hé théng HVAC la
vén téc dong khi nho hon nhiéu so véi van tde 4m
thanh nén sb Mach ctia dong chay nho hon 0,3. Theo
1y thuyét khi dong hoc, trong diéu kién nay anh huong
clia tinh nén duoc ciia khong khi 1a khong dang ké va
¢6 thé bo qua. Do do trong nghién ciru nay, khong khi
duoc gia thiét 1a chat lvu Niu-ton (Newtonian fluid),
dang nhiét va khong nén duoc.

Dudi cac gia thiét trén va v6i muc dich 1am 16 co
ché vat 1y cta hién twong, cac phuong trinh bao toan
duogc trinh bay dudi dang rat gon theo phuong doc
truc (z). Cach biéu din nay giup phan tich truc quan
su bién thién ctia van toc va ap suét trong hé thong,
trong khi mo phong CFD van duge thuc hién véi mo
hinh ba chiéu day du [6, 7].

- Phuong trinh lién tuc (Bao toan khéi lugng):

ou _
5, =0 (%)
- Phuong trinh bao toan dong lugng (Navier-
Stokes) doc truc z:

ou | u(w)\ _ ap ,‘}Z_u
p(E-F 62)__6z+‘uazz+5fan (6)

Trong d6: u (m/s): Van téc dong khi theo phuong
doc truc; (kg/m’) Khéi lugng riéng ctia khong khi; p
(Pa): Ap suit tinh trong éng dan; Sg, (N/m?): Thanh
phian ngudn biéu dién luc ddy cua canh quat;
—dp/dz : (Pa/m hodc N/m?): Gradient ap suét doc
truc. Pai dién cho su bién thién cta ap suét trén 1 don
vi chiéu dai éng.

Su phat trién ctua phwong phap dong luc hoc chét
long tinh todn (CFD) cho phép phén tich chi tiét
treong van tde va phan bd ap suét trong cac hé may
canh dan. Cac phan mém nhu ANSYS Fluent ¢6 thé
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mo phong tuong tac rotor-stator bang cac phuong
phép nhu hé quy chiéu quay nhiéu mién (Multiple
Reference Frame-MRF) hodc lugi chuyén dong
(Sliding Mesh), tir 6 gitip danh gia sy 6n dinh cta
dong chay trong cac ché do van hanh khac nhau [4, 5].

Céc biéu thirc va phuong trinh nay dugc st dung
dé dién giai dinh tinh va dinh lugng cac két qua CFD
trong muc 4.

3. Thiét 1ap mé phéng
3.1. Xdy dwng mo hinh todn

Mo hinh tinh todn dugc xay dung dua trén cau
hinh thyc té cua hé thong thong gié budng may tau
dau trong tai 1 triéu thung. Hé thong gom ba quat
huéng truc c6 duong kinh canh 1000mm, véi cac
thong s6 va bién dang canh duoc trinh bay trong Bang
1 va Hinh 1. Mién tinh toan dugc lua chon theo dang
hinh hoc lam viéc thuc té ciia cum quat, 6ng hut, 6ng
day, van buém gio trong hé thong théng gié budng
may. Cu thé, mién hut dai 0,5m duogc giit lai dé mé ta
diéu kién dong vao quat; ving quay chtra canh cong
tac c6 duong kinh 1000mm; mién day dai 11,5m, cao
0,65m dugc xay dung ddy du dé phan anh sy phat trién
cua dong chay sau quat va anh hudng cua van budém
gio dén ton thét hé théng. Viée su dung toan bo chiéu
dai 6ng thuc té nham han ché sai léch do cit ngén mién
tinh toan, dong thoi cho phép danh gia ding su dich
chuyén diém lam viéc cua quat khi tré luc hé théng
thay doi.

Bing 1. Thong sé quat théng gié buong mdy

TT Théng sb Gia tri
I Ma thiét bi CZ-100B (JCZ-100B)
2 Sbluong 3 bo/ tau
3 Luuluong 48.000-54.000 m*/h
4 Apsuit 0.76-0.71 kPa
5 Kiéu quay CW - Khéng déo chiéu
6  Cépbao védong co 1P44
7 Chp cach dién Class B

8  Cong suat dong co 18.0 kW

9  Diénap 440V

10 Tans 60 Hz

11 Sépha 3

12 Dongdién dinhmic 31.0A

13 Tbc do quay 1750 vong/phit

14 DPuongkinhcanhquat 1000 mm

15 S6 luong canh 11
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Hinh 1. Bién dang canh quat hé théng diéu hoa
HVAC

DPé mé phong chuyén dong cia canh quat, mién
tinh todn dugc chia thanh hai viung: Mién quay chira
quat va mién tinh bao gdm hé thong éng dan va van
budm gid. Hai mién duoc lién két thong qua interface
quay dé mo ta sy trao d6i dong luong giita ving quay
va ving tinh. Cdu hinh mé phong duoc minh hoa
trong Hinh 2.

Mién quay

Mién quay J
Trang théi binh thuting Damper dong 50%

Damper dong 75%

Hinh 2. Thiét Iip mé phong

Mién tinh

Mién quay

Hinh 3 Thiét lgp lwéi cho mé hinh

Mb hinh dugc chia ludi bang ANSYS Meshing.
Lué6i duogc tinh chinh tai cac vung c6 gradient van tde
16n nhu bé mit canh quat, ving giao dién giita quay
va tinh ciing nhu khu vic c6 van buém gio. Tong sb
phan tir lu6i ciia mo hinh 1 3944596, trong d6 s6 nut
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(node) 1 20159204. Cau tric ludi cta hai mién dugc
trinh bay trong Hinh 3. Viéc tinh chinh ludi tai cac
vung quan trong gitp mo phong chinh xac hién tuong
dong chay rdi va tach dong.

3.2. Xdy dung diéu kién bién

Cac diéu kién bién ctia mé hinh dugc thiét 1ap nhu
sau:

- Ap suit tai cira vao (pressure inlet) bang voi suét
bang 4p suit mdi truong.

- Ap suat cira ra (pressure outlet) bang vai ap suét
duong bng day.

- Tét ca cac bé mat rén duoc thiét 1ap didu kién
khong truot (no-slip wall) dé mo phong tuong tac giira
dong khi va bé mat canh quat.

- Khao sat ba ché d6 m& van budém gi6 tai toc do
quat dinh mtrc 1750 vong/phit: (1) van budm gié md
hoan toan; (2) van budém gié dong 50%; (3) van budém
gi6 dong 75%.

- Khao sat khi van buém gié dong 50% va giam
tdc d6 quat xudng 1300 vong/phut.

4. Két qua va thao luin

4.1. Anh hwéng dp mé van bwém gié téi truong
vdn toc va luu lugng quat

Hinh 4 cho thiy khi van buém gié m& hoan toan,
dong chay trong éng kha 6n dinh, van téc chii yéu
khoang 15-25 m/s, cac dudng dong gan nhu song song
va hau nhu khong xuét hién vortex 16n. Didu nay cho
thdy quat lam viéc trong ving luu lwong 16n - 4p suét
thap.

Trang thai déng 75% damper

Hinh 4. Anh hwéng ciia dp mé van bwém gié téi
trwong vin toc

Khi van buém gié dong 50%, ton thit cuc bo ting
1én lam vén tdc cuc dai gén van buom gio dat khoang
31m/s, trong khi van tdc trung binh trong 6ng giam
con 10-18 m/s. Pong thoi bit dau xuat hién cac ving
xody phia sau van budm gio, cho thdy dong chay bét
dau mét 6n dinh.

SO 87 (07-2026)



TAPCHI  ISSN: 1859-316X, e4SSN: 3093-3161

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCEENCE AND TECIMO(-VJ

O truong hop van buém gié dong 75%, céu tric
dong chay bién dang 13 rét voi nhidu xody 16¢ (vortex)
16n. Van tbc trung binh giam xubng 5-12 m/s, trong
khi van tdc cuc bd gén quat dat 30-38 m/s, cho théy
quat 1am viéc c6 xu hudng tién gin trang thai thit toc.

Xét vé mat dinh lugng, khi van budm gi6 tir trang
thai md hoan toan dén dong 75%, vén toc trung binh
trong 6ng giam tir khoang 15-25 m/s xudng con 5-12
m/s, tuong Gng suy giam khoang 60-70% luu lugng
dong khi. Nguoc lai, van tdc cuc bo tai cac vung hep
gan van budm gié va gan quat lai tang 1én téi 30-38
m/s, cho thay su phan bd van tdc trd nén rat khong
ddng déu.

Giai thich sy suy giam luu lwgng (lién hé véi
phuong trinh (1) va (6):

Su suy giam véan toc trung binh (tir 15-25 m/s
xudng con 5-12 m/s) khi dong van budém gié 75% ty
16 thudn vdi sy gia ting dot bién cia gradient ap suét
nguoc —dp/0z trong phuong trinh (6). Khi van
budm gié dong trd Iuc hé thng ting cao, theo phuong
trinh (1), khién gradient 4p suat bat lgi —dp/
8z gradient 4p suét bt loi lam gia ting dang ké luc
can 4p sudt doc theo dng (Pa/m). Do thanh phan
ngudn Sy, cua quat khong ddi, dong khi phai tiéu hao
phin 16n dong ning dé thing luc can ap suat nay, dan
dén Iuu lwong gio6 sut giam dinh lugng tir 60-70% nhur
két qua CFD da chi ra. Diéu nay lam dich chuyén diém
lam viéc cua quat vé ving luu lwong thap va ap suit
cao trén duong dic tinh, tién sat vao ving that tdc.

4.2. Anh hwéng dép mé van buém gié téi trwong
dp sudt

Hinh 5 va Hinh 6 trinh bay phan bd 4p suit trong
hé théng ¢ ba mirc d6 mé van budém gié khac nhau.
Khi van budém gié mo hoan toan, trudng ap sut trén
mit cit ngang cua quat twong dbi dong déu, véi gia tri
ap suat trong 6ng dao dong chu yéu trong khoang -100
dén 50 Pa. Trén mat cét doc cta dudng dng, ap sudt
giam dan theo chidu dong chay do t6n thit ma sat, cho
thdy hé thong 1am viéc trong trang thai on dinh.

Khi van buém gié dong 50%, chénh léch ap suit
qua canh quat tang 18n 13 rét. Ap suat phia trudc quat
dat khoang 200-230 Pa, trong khi phia sau van buém
gi6 giam xubng khoang -400 dén -500Pa, cho thay tén
that cuc bo tai van buém gi6 tang manh. Trén mat cit
doc, gradient 4p suat 16n hon so véi truong hop van
budm gié mo hoan toan.

O truong hop van budm gié dong 75%, su bién
dang cua truong 4p suat tré nén 15 rét hon. Ap suét
phia trudc quat tang 1én khoang 150-170 Pa, trong khi
phia sau van buém gi6 giam xudng gan -900 Pa. Piéu
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nay cho thay phan 16n niang luong cia quat dugc sir
dung dé thing tro lyc ciia hé thong thay vi duy tri luu
luong dong khi.
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Trang thai dong 75% damper

Hinh 5. Anh huéng ciia dp mé van buwdm gié téi

truong dp sudt tai mdt cdit ngang
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Trang théi binh thudng Trang thai dong 50% damper

Trang thai dong 75% damper

Hinh 6. Anh huéng ciia dp mé van buwém gié téi

truong dp sudt tai mdt cdit doc

Nhin chung, khi d¢ dong van budm gié tang,
chénh léch 4p sudt trong h¢ théng tang 1én dang ké,
ddng thoi gradient 4p suét trong 6ng din trd nén 16n
hon. Két qua nay phu hop vdi phan b6 van tdc da trinh
bay trude do, cho thdy khi van buém gié dong 16n,
quat lam viéc trong vung luu lugng thép -ap suét cao
va nguy co that toc tang 1én.

V& mit dinh lugng, chénh l&ch ap sudt trong hé
thdng tang tir khoang 150-200 Pa & ché do md hoan
toan 1én dén gan 900-1000 Pa khi van buém gi6 dong
75%, tirc ting khoang 5-6 lan. Tuy nhién, su gia ting
ap suat nay khong di kém véi sy gia ting luu lugng
ma nguoc lai, luu lvong giam manh.

Diéu nay cho thiy phin I16n ning luong cua quat
duoc tiéu hao dé théng trd luc cuc bd tai van buém
gi6 thay vi duy tri dong chay hitu ich. Gradient ap suat
bat lgi (4p suit ting theo hudng ngugc chidu dong
chay) dwoc xem 1a nguyén nhan chinh din dén tach
dong va hinh thanh xody, phi hop véi két qua phan bd
van toc da quan sat.
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Co ché hinh thanh hi¢n twgng thét téc va xody
16¢ (lién hé v6i phwong trinh (2)-(4))

Céc hinh anh mé phong truong van tc (Hinh 4)
va ap sudt (Hinh 5, 6) cho thdy su xut hién ciia cac
clu tric xody 16¢ (vortex) phtrc tap khi damper doéng
75%. Tai cac khe hep quanh van buém gio, van tde
cuc bg bi gia tdc 1én t&i 30-38 m/s, tao ra gradient van
tde cuc 1on.

Co ché vat 1y nay dugc lam 13 qua phuong trinh
tinh toan do nhot réi (4). Khi bién dang dong chay S
tang dot bién tai khu vue van budm gi6é va bé mat canh
quat, mau s6 ctia phuong trinh (4) tang 1én, lam giéi
han gié tri d6 nhét ri y,. Su két hop gitra d6 nhét rdi
bi gidi han va gradient ap suét bét loi khién 16p bién
khong con dit dong niang dé bam dinh vao bé mat canh,
dan dén hién tuong tach dong (flow separation). Su
tach dong nay hinh thanh nén cac ving xoay nguoc va
dao dong ap sudt manh, chinh 1 ban chat cua hién
tugng that toc khi dong duoc du béo qua cac phuong
trinh van chuyén dong ning rdi (2) va téc do tiéu tan
riéng (3).

4.3. Anh hwéng ciia dp mé ciia van buwém gié
ti diém lam viéc ciia hé thong

Biéu dd Hinh 7 cho thay khi d6 mé van buém gid
giam, duong tré khang cua hé thong dich 1én trén, 1am
cho diém lam viéc cua quat chuyén dan vé phia luu
luong nho hon va ap suat tinh cao hon. O truong hop
van buém gié mo hoan toan, quat lam viéc & vung luu
lwong 16n v6i ap suat thap hon, cho thdy ton that can
ctia h¢ thdng con nho. Khi van buém gié dong 50%,
diém lam viéc dich sang trai va di 1én, phan anh su suy
giam luu lwong dong thoi 4p suit yéu cau cia hé thong
tang rd rét. Pén trudng hop van budém gid dong 75%,
diém 1am viéc dich chuyén vé ving luu luong thap va
ap suét cao, cho thiy quat 1am viéc gan ving thét toc.

Nhu vay, két qua trén khing dinh riang viéc dong
van budm gi6é khong chi lam giam luu lugng cép gid
ma con ddy hé thdng dén gin ving van hanh bat loi
cua quat.
4.4. Lip ludn vé co ché giy chdy héng dpng co
dién

Hién tugng chay dong co dién trong thuc té khai
thac, du khong xay ra qua tai dién, dugc giai thich qua
co ché bao toan khéi lwong m=p. Q. Khi luu lugng thé
tich Q giam 70% do hién twong thit toc, luu lugng
khéi Iuong m mang nhiét di qua dong co ciing sut
giam mot luvgng tuong duong.

Vi dong co quat hudng truc thuong duoc lam mat
truc tiép boi dong khi di qua, su sut giam m khién kha
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nang tan nhiét bi triét ti€u, gay ra sy tich tu nhiét
nhanh choéng trong cac cudn day. Do quat dang lam
viéc & vung ap sudt tinh cao (ving that tc) trén dudng
dic tinh (Hinh 7), canh quat van phai duy tri moment
can 16n khién dong co tiéu thu dong dién gin muc
dinh muc, lam cho ro le bédo v¢ qua tai (OLR) khong
thé phat hién va ngat mach kip thoi.

Axial Fan Characteristic and System Impedance Curves at 1750 rpm

Static Pressure Rise [Pa]

00
‘Volumetric Flow Rate [m’/h]

Hinh 7. Anh hwéng ciia dp mé van buwém gio téi sw
dich chuyén diém lam viéc ciia hé thong

Day chinh 14 co ché khién dong co thuong xuyén
bi chay hong do nhiét mic du khong c6 biéu hién qua
tai vé dién trong thuc té khai thac.

5. Giai phap khic phuc

Két qua mo phong Hinh 8 cho thay: Khi van buém
gi6 dong 50% va giam toc do quat xudng khoang
1300rpm, véan tdc trung binh trong ong giam tir
khoang 15-20 m/s xudng con 8-12 m/s (giam khoang
40-50%), trong khi cac viing van tdc cuc b 16n phia
sau van budm gio (trén 25-30 m/s) duoc thu hep dang
ké. Pong thoi, chénh léch ap sudt doc dng giam tir
khoang 300-400 Pa xudng con 150-250 Pa. Theo cac
phuong trinh bao toan (2)-(4), viéc giam toc do quay
lam giam luu luong, kéo theo ton thit ap suat giam
theo quan hé 4P~Q”. Su suy giam cia thanh phan
quan tinh trong phuong trinh dong lugong lam giam
gradient ap suét bét loi, nhor d6 han ché tach dong va
giam cac cu tric xody. Didu nay phi hop véi két qua
CFD va giai thich vi sao diéu chinh téc do quat bang
bién tan giup dong chay 6n dinh hon.

Giai phap nay khong chi giup quat lam viéc ém
hon va hi¢u qua hon ma con phu hop véi dinh huéng
t6i wu van hanh va tiét kiém nang lugng da dé xuat
trong bai bao.

Dé han ché nguy co qua nhiét va chay dong co
dién, nhom nghién ciru dé xudt mot s giai phap sau:

1. Thuong xuyén vé sinh phin loc va hé théng dng

gi6 nham giam ton that va sirc can.
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2. Duy tri quat lam viéc trong ving 6n dinh cua
dudng ddc tinh, tranh van hanh khi van buém gié dong

qua 16n.

3. Piéu chinh luu lwong bang cach thay ddi toc do
quay ctia quat thdng qua bién tan, thay vi diéu tiét bang

van buém gio.

4. Trang bi cam bién 4p suét trong hé théng dé giam
sat va canh bao khi ap suét tién gin ving mat 6n dinh

cua quat.

5. Bam béo luu lwong gié lam mat dong co va ti uu
céu hinh hé thong 6ng gio nham giam ton thit cuc bo va

han ché sy hinh thanh cac ving xody.

I

3
&
3

Trudng van toc

Truéng 4p xuat mat cat
ngang

=F [

|

i

it

]

o

Truding &p xuat mat cat
doc

Hinh 8. Anh hwéng ciia téc dp quat

6. Két luan

Nghién ciru da phén tich hién twong rdi loan dong
chay cua quat huéng truc trong hé thong thong gid tau
bién bang md phong CFD. Két qua cho thay khi van
buém gié dong dan, tro lyc hé thong ting lam diém
lam viéc cua quat dich chuyén vé ving luu luong thép
- 4p sudt cao, din dén hinh thanh céc ving xody va
nguy co thit téc. Khi van buém gioé dong 16n (=70-
75%), luu lwgng gidé suy giam manh lam giam kha
nang lam mat, tir d6 lam tang nguy co qué nhiét cta
dong co ngay ca khi khong xay ra qua tai. Viéc giam
toc do quay cuia quat cho thdy hiéu qua 1o rét trong
viéc cai thién d6 6n dinh va dic tinh 1am viéc cta hé
thdng. Két qua nghién ctru gop phan 1am rd co ché mat
on dinh dong chay va dé xuit cac giai phap van hanh
nhiam nang cao do tin cdy cua hé thong thong gié trén
tau bién.

Ky thuat va Cong nghé Hang hai

Tuy nhién, nghién ctu hién méi tap trung vao
truong dong va phan bd ap suat tir mé phong CFD,
chua tich hop khao sat thuc nghiém hodc moé phong
bd sung vé do on khi dong va nhiét do lam viéc cua
dong co. Do d6, cac nhan dinh vé anh huong dén tiéng
on va nguy co qua nhiét méi dimg & mirc dinh tinh,
chua duoc lugng hoa béng s6 liéu nhiét va am hoc.
Day 1a huéng can tiép tuc nghién ciru nham danh gia
toan dién hon anh hudng ctia hién twong mét 6n dinh
dong chay dén do bén va diéu kién van hanh coa hé
thdng quat.

Lo&i cdm on

Nghién ciru nay dugc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT25-26.24.
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