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QUAT va HE THONG

1 LOINOIDAU

Quat 13 mét thiét bi co khi di dugc sir dung rong rii trong nhiéu linh vuc voi nhiéu
kiéu dang khac nhau... nhim van chuyén khong khi tir noi nay dén noi khac dap tng cac
yéu cau trong sinh hoat thudng ngdy, cac qua trinh ché bién trong ndng - cong nghiép;
trong cac hé thdng nung noéng va 1am mat, va trong cac nha may nhiét dién.

Quat di duoc sir dung rat nhiéu, cac thiét bi nay hoat dong duoc 1a nhd thong qua
cac bo truyén dong, nhan ning luong tir cac dong co nd hodc mod to dién véi cong suét tir
vai Watt dén vai traim kWatt, vi vay chi phi ning lugng can dé chung hoat dong 1a khong
nho, tai My chiém khoang 17% trong 80 triéu kWh dién ti€u thu hé'mg nam trong linh vuc
cong nghiép (USDOE-2006), do d6, nham sir dung hiéu qua va giam chi phi ning lugng
tiéu thu nay can phai nang cao hiéu suit cta quat va van hanh hé thong c6 sir dung quat
mot cach hop ly.

Tur 1au dé hoan thién cac dic tinh cua quat cac Truong Pai hoc, Vién nghién ctru,
Cong ty ché tao va cac ky su thiét ké ludn cd ging hoan thién quat dé c6 hiéu suét cao hon
bang cach sir dung cic ky thudt-cong nghé méi nhat nhu cac phan mém thiét ké, cac vat
liéu va cong nghé ché tao. Ngay nay véi sy hd tro ciia mdy tinh va cac phan mém mo
phong dong hoc cua luu chat da gitp cac ki su tdi wu qua cac dong chay cua khdng khi
trong quat tir d6 thiét ké nhiéu dang-kiéu may khac nhau véi hiéu suét thity luc tot nhét.

Tuy nhién, viéc chon lwa, lap dat, sir dung va van hanh thiét bi hop Iy trong mot hé
théng cung anh hudng rat 16n dén hiéu suét cua thiét bi nay. Khi chon va lip dung thiét bi
trong mot hé théng, cac quat nay can duge van hanh tai diém hoat dong (FOP) gﬁn voi
diém c6 hiéu suét cao nhit (BEP) cua quat do vay hé théng hoat dong s€ hiéu qua hon, lam
giam chi phi nang luong tiéu thy, giam on va tang tudi tho cho thiét bi.

Vi vay bai viét nay nham cung cdp cho cac sinh vién Khoa Co khi Cong nghé
trrong dai hoc Nong Lam TP HCM, céc k§ su quan tam, va nguoi sir dung van hanh c6 du
kién thirc chinh vé quat nhu cdu tao, nguyén Iy hoat dong, pham vi sir dung; Cac théng sé
hinh hoc Va ddc tinh cling nhu cac yéu té anh hudng va céc tinh toan can thiét & chon quat
va van hanh ching trong mot hé théng twong tng hiéu qua nhit; va cac hiéu biét nham
kiém tra cac thong sb k¥ thuét dua theo céc tiéu chudn qudc té thuong dung néu can.

Bai viét nham phuc vu giang day va chia s& thong tin, da sir dung rat nhiéu thong
tin tir kinh nghiém thiét ké khéo nghiém lap dat sir dung quat trong cac hé théng may cﬁa
tac gla cing nhu tr cac ngudn tai liéu dugc néu trong phan tai liéu tham khao, du da cb
gang van co thé thiéu sot, moi ¥ kién dong gop xin goi vé

Thac sy Nguyén Hung Tam, GVC Khoa Co Khi Cong nghé, truong Dai hoc Nong
Lam TP HCM, email hungtamng@yahoo.com hoac hungtamng@hcmuaf.edu.vn, hoac dién
thoai di dong s6 0913 900 676.



mailto:hungtamng@yahoo.com
mailto:hungtamng@hcmuaf.edu.vn

2  CAC KHAI NIEM VA PHAN LOAI QUAT

C6 4 loai quat thuong gap:

- Quat hudng truc (axial-fan)

- Quat ly tam (centrifugal fan)
- Quat phéi hop (mixed-flow fan)
- Quat dong ngang truc (cross-flow fan)

Trong d6 hai loai quat huéng truc va ly tim dugc sir dung nhiéu nhit trong cc hé thong.

Mot hé thong sir dung quat c6 thé bao gdm nhiéu cum chi tiét dugc mé ta nhu Hinh 1.

Turning Vanes
(typically used on
short-radius elbows)

Outlet Diffusers

Heat Exchanger

Filter

Inlet Vanes

Motor Gontroller

Centrifugal Fan
g Variable Frequency Drive

Belt Drive
Maotor

Hinh 1: Hé thong quat
Cum 1: Quat v6i mo to + truyén dong+ bd bién téng diéu khién toc do.
Cum 2: Thiét bi dau vao: bd loc bui, cyclon, bd trao ddi nhiét...
Cum 3: Thiét bj dau ra: bd loc bui, cyclon, hodc cac vat liéu khac.nhu 16p hat.

Cum 4: Hé thong duong dng: duong dng, co, ndi chuyén tiép, va cac van...

Mot h¢ thong co thé co du cac cum ké trén hodc mdt phan, vi vdy can nam rd vé h¢ thong

dé c6 thé sir dung van hanh quat hiéu qua nhat.
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2.1  Quat huwéng truc (HT)

Nhu tén goi, dong khi chuyén dong song song doc theo hudng truc quat, huéng vao song

song voi hudng ra. Néu dung dién, ro-to quat ¢6 thé duogc lap tryc tiép trén truc dong co

dién (Hinh 2.1). Néu dung dong co nd, phai truyén dong qua day dai (Hinh 2.2). Thuyc té,

di c6 dién, d6i khi van phai truyén dong gian tiép, vi mot s6 yéu cau dic biét khong thé dé

mO-to dién trong dong khong khi.

Quat HT ¢6 3 dang (Hinh 2.1):

= Quat truc chong chong (propeller fan): Dang giéng quat tran, khong co vo (boc) quat
hodc vo quat rat ngan. Dung cho théng gioé chudng trai, nha xudng, 6 ap suét tao ra
rat thip ( h< 20mmH,0).

= Quat truc dng (tube-axial fan, TAF): Ré-to quat nim trong vo quat 1a mot dng dai
(Hinh 2.1 va 2.2); tao duoc ap sut trung binh (h= 20-50mmH,0).

= Quat truc c6 huéng dong (vane-axial fan, VAF): Khong khi qua khéi ré-to dugc nin
dong chay cho thing, tranh rdi, nhd thé dat tinh 4p va hiéu suét cao hon.

V6i dang ¢6 huéng dong, dé tao ap suat cao, co thé ghép ndi tiép 2 ro-to, thanh quat hudng

truc 2 tang canh (two-stage VAF). Hodc véi quat tube axial fan c6 thé ghép 2 16 to quay
nguoc chiéu (Hinh 2.4).

% /
PROPELLER TUBE-AXIAL VANE-AXIAL

Hinh 2.1: Ba dang quat hwéng truc (truc chong chéng ; truc éng ; va truc c6 huwéng dong)

Hinh 2.2: Quat hwéng truc dang truc éng
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Hinh 2.4: Quat huwong truc 2T: (a) quat VAF-2T; (b) quat TAF-2T

Mot sb thong sb ciia quat HT (theo Bleier 1998).

e

Loai quat Propeller TAF VAF 2tang VAF
Vo quat - Vo tru ngin Vot Vo try dai
Vitri Mo to Phia hut vao Phia diy Phia diy (ifka 2 roto
Huwong dong Khang Khong Sauroto Gitka 2 roto
Ty s6 D/Dr <40% 30-30% 45-80% 30 - 80%
Tinh ap, mmWC <13 12-62 25-200 100 -400
(oc dat canh, do

Chan canh 30-30 30-30 30-60 30-60

Dau cinh 10-25 10-23 10-33 10-33
Hiéu sudt co, Max % 10 15 o0 10
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2.2  Quatly tam(LT).

Céc canh cua ro-to ciia quat ly tim duoc giir gitta mat d va vong giit dd. R6-to nam trong
v6 quat véi chu vi theo dang xoan dc. Khong khi vao tir miéng hut qua vong dd, duoc cac
canh ly tAm ra vo quat, va theo vo thoat & cira ra. Nhu vy, phuong cua dong khi vao thing
goc voi phuong cua dong khi ra (Hinh 3).

Jang
Qid

HOUEING
roue \\ ~BA&ST 4AFL -DUTLET
.l{ «DECHATGE
x +OLTLET AFES,

+HLIP PLET
-ILLET SLEEVE
C “INLET DOLLAR

Hinh 3: Quatly tim: (a) hinh lip; (b) ré-to; (c) hinh thao roi

Nhim dap tmg cho nhiéu céng dung khac nhau, quat ly tim c6 nhiéu dang canh cho ro-to
liét ké nhu (Hinh 4a) s& duoc nhic lai trong phan chon quat.

[

I

Canh huéng Diu canh hudng

Canh cong toi Canhconglui  cann nanieng i © ng b
(Forward curved, (Backward (Backward tam  (Radial tam
FC) curved, BC) inclined, BI) blade, RB) (Radial tip, RT)

Hinh 4a: M{t sb6 dang canh ciia quat ly tam:



a/ Quat plenum
(khdng c6 vo ngoai)

b/ Quat ly tdm c6 2 miéng
hat (DWDI)

¢/ Quat canh cong to1 rong
Sirocco (WFC)

Hinh 4c: Mt s dang khac ciia quat ly tam.

Plenum fan (Hinh 4c) 1a truong hop dac biét cua quat li tAim khong ¢ vo ngoai thuong gap
trong diéu hoa khong khi hodc cac kho lanh, may sdy. Quat ly tim DWDI hoic WFC
thuong dung véi cac yéu cau luu luong 16n.
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2.3 Quat phdi hep (MF,mixed flow, con dich 1a hén luu, hén hep)

La dang quat két hop vu diém cuta hai loai quat hudng truc (luu lwong 16n ) va ly tam (4p
suit cao, it 6n). Khong khi di vao nhu véi quat hudng truc, dugce ré-to ly tam ra vo, va
theo vo thoat & ctra ra (Hinh 5). Khac vdi quat ly tdm, hudng khong khi ra tring véi hudng
vao (gibng quat hudéng truc). Loai quat nay dugc str dung cho mot s6 yéu cau dung hoa
gitta quat hudng truc va quat ly tdm, nghia 1a ca luu luong va ap suat déu kha cao

Mixed Flow

€)) (b)
Hinh 5: Dong chay khéong khi khac nhau giira quat hwéng truc (a), va quat phdi hop (b).

R6-to cua quat phdi hop c6 hai dang: Dang 1 c6 vong giit. Dang 2 khong vong  gitt
(Hinh 6)

Hinh 6: Quat phdi hep va ro-to dang 1 cé vong giir (a); va ro-to dang 2 (b) khong vong giir



11
2.4 Quat dong ngang truc (cross-flow fan)

R6-to gidng nhu ¢ quat ly tim, v&i canh cong téi rong (wide forward curved). Nhung vo
quat duoc xé doc (Hinh 7) nén dong khong khi khdng ddi hudéng thang goc nhu & quat ly
tdm, ma chay ngang qua truc quat. Loai quat nay duoc st dung kha nhiéu trong diéu hoa
khong khi; dic diém 13 luu luong 16n, tinh ap thap va it 6n, nhung hiéu suat thap.

&0

Hinh 7: Quat dong ngang truc (cross-flow fan)

2.5 Chon quatly tAim hay hwéng truc ?

Pay la van dé thuong duge dit ra nhiéu nhat cho hé thong. Cau tra 10i 1a tuy luu lwong, ap
sudt va s6 vong quay. Vi thiét ké don gian va ché tao thi cong, thi cing cong suat, néu
tinh 4p nhé hon 500 Pa nhu truong hop may siy tinh, quat huéng truc cho lwong gi6 cao
hon, nghia 1a nhé gon hon ma hiéu suét cao hon. Str dung quat ly tdm khi can ap suét 16n
hon 600Pa, vi du ¢ may siy voi 16p hat day hon 2 m, hodc méy siy ting sbi... Hinh 8
minh hoa véi cac quat LT ¢ canh thiang nghiéng lui (BI) va HT 2 ting canh c6 cung duong
kinh [a 1100mm va cung vong quay n =960 v/ph.

Nhan xét:

Quat HT nho gon c6 hiéu suat tinh cao nhit 55-60% ung véi tinh ap 70-80mmH-0. thich
hop cho cac hé thdng c6 ton dp nhé hon 70mm Hz0 véi luu lugng 9-11m°%/s. néu vuot qua
mirc 4p ndy quat HT hoat dong khong 6n dinh. Quat LT c6 hiéu suat tinh cao nhit 60-65%
g véi tinh 4p 110-120mmH,0. pht hop véi hé thong cé ton ap 100-120mmH,0 véi luu
luong 7-9m°/s, néu str dung & mirc ton &p thdp 50-70mmH,O nhdm dat luu lwong 9-10m3/s
s& ¢6 hiéu suét thap hon (40%) va it 6n dinh.

Ngoai ra, mot sb yéu td khac ciing anh huéng dén su lua chon. Gia thanh ché tao quat
hudng truc ré hon quat ly tim, gop phan ha chi phi dau tu, nguoc lai, quat hudng truc giy
tiéng 6n 16n hon quat ly tAm.

NH Tam 2006 - 2011
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= = = Poly.(H-HT) =+ = Poly.(N-HT)

Hinh 8: Pic tuyén quat LT va HT ¢6 ciing D va n (NH Tam 2010)
(Quat LT nét lién dam; quat HT nét dat doan)
Véi H, N,Ti, dB la tinh dp, Cong sudt, Hiéu sudt tinh va do on.

3  CACTHONG SO CUA QUAT VA KHAO NGHIEM QUAT

Pé chon va st dung quat cho phu hop vé6i hé thdng, cin hiéu mot s nguyén tic va cac
thong sb co ban, gom cac thong sé hinh hoc (kich thudc ) va cac thong so dic tinh (lugng
gio, tinh 4p, cong suit, hiéu suat...). CAc phuong phap khao nghiém quat nham xéac dinh
duong dic tinh mo ta mdi quan hé cua cac théng so ddc tinh, bang cac dung cu do thich
hop.

Ghi chi: Dé viét gon, ta goi "GIO" 1a ludng khong khi chuyén dong do quat tao ra.

3.1  Thong s hinh hoc
Céc thong sd hinh hoc cua quat thé hién & Hinh 9, 10, bao gdom cac kich thuéc chinh nhu:
Voi quat HT la Buong kinh rotor Dyo, Puong kinh tréng Dy, Buong kinh vo Dy, ty
$6 Dy/Dyo, Khe hé dau céanh, goc dat canh f.
Véi quat Li tam 12 Dudng kinh rotor D, , Puong kinh miéng hit Dy ty s6 D1/D,,
B¢ rong ro6 to By, By, Goc dat canh 3, BE rong vo B, PO mé vé A.
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Céc thong s6 nay anh hudng truc tiép dén cac thong sd dic tinh cua quat nhu luu
luong Q, cot ap H, cong suat N, do on va hiéu suat 7.

Puong kinh 16 to : Dro
V6 quat \v . , x
« Y Puong kinh trong: Dy
G dL‘u cdnh o bt ciin \ e 9 .
Gacf (Rotor Puong kl‘nh vé quat: ‘Dvo
3 2, Khe hé dau canh < 0,15 chiéu dai canh
Cénh nén dong
Dvé = Dtr Dro Gée dat, canh p
| ‘ Cénh nan dong
:
‘ Chiéu dai ong vao L; > 0,2 *Dy
Chiéu dai vo L,> 0,7 *Dy
I Il , . \
H,H\ Ban kinhloevao R > 0,26 * D,

Hinh 9: Cac théng s6 hinh hec ciia quat hwéng truc

Duong kinh r6 to: D
Puong kinh miéng hat : Dy

vuong a

?:; Bé rong 1o to: By, By
2
" | Gocdatcanh: P

: % g8 [{at & ) / .
— SN >Z /| Bé rong vo: B
] y Do mo vo : A
— Cac ban kinh

R1, Rz, R3, R4 tao vé

Hinh 10: Cac thong so hinh hoc ciia quat ly tAm

Véi quat HT ¢6 cing duong Kinh Dy, va sd vong quay n: tinh ap cia quat ting khi ty sb
Du/Dro ting, luu luong tang khi ting goc dat canh B, va hiéu sudt giam khi khe ho dau canh
tang; khe hd nay cang nho cang tét tuy nhién bi giéi han phu thudc vao vat lidu va cong
nghé ché tao. Nguoc lai véi quat Iy tam cé cung duong kinh Dy, va s6 vong quay n tinh ap
giam luu luong ting khi ty s6 Di/D, ting, va tinh 4p tang con tuy theo dang canh va goc
nghiéng canh vé phia trudc. Khi ting bé rong ro to luu lugng ting, tinh ap khong doi.

3.2 Luwong gio (luu lwgng khong khi)

Luu luong (khdng khi) thé tich thuong goi 1a luu luong Q 1a thé tich khong khi chuyén
dong qua quat trong mot don vi thoi gian. Pon vi do 1a m*/s, m*/gid, hodc cfm (ft*/phit)
trong hé Anh My cii, qui ddi 1000 cfm = 0,47 m%s~ 0,5 m?/s.

NH Tam 2006 - 2011
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Q=vVv*A
vOi: v = vén tdc trung binh ctia dong khi tai mat do, m/s.
A = dién tich mit do van tdc, vudng goc véi dong khi, m?
Qui d6i tir luu lugng Q [M*/s] ra luu luong khéi G [kg/s]

LuuLwongKhoi G [kgls] = LuuLuwong Q [m*/s] / ThéTichRiéng[m>/kg]
3.3 Cotap (pressure)

3.3.1 Cac khai niém

Tinh dp (Ap hodc ps, static pressure) 1a ap suat can thiét dé dong khi thing stc can cua
duong dng, va cua khéi vat liéu... Tinh p trong budng ciing twong ty nhu tinh 4p lam cing
trai bong hodc rudt xe dap. Pon vi do tinh 4p 1a pascal (Pa); khong viét Pascal hoic
paxocan. Néu biéu thi véi don vi do & mm nudc (mmH-0), ding ky hiéu h hoic hyo.

1 pascal (1 Pa) =1 N/m? ; 1mm H,O =9,8 Pa ~ 10 Pa.
Déng dp (pq, dynamic pressure ) 14 ap suat can dé dong khong khi di chuyén duoc voi
van tde v.

Pong 4p va tinh ap dugc tinh xuat phét tir phuong trinh Bernoulli tai hai vi tri 1 va 2:

2 2
V \"
i{.&{.z :_24_&4_2

29 pkd 29 peg

voi:  p: dung trong khong khi ; g: giatdc trong truong.

Z, va Z, : vitri cao d6 cua diém 1 va diém 2

2
Goi: Tong dp [m] = 2q + P Dong ap [m] + Tinh ap [m]
g Pk
Véi chat khi Z; ~ Z,
2 2
. V. Vv
Tong ap [m] = e P Y2 + P2
29 px9 29 px9
Ponvi:  Ap suit=do bang chiéu cao cot khong khi [m]
v = vén toc dong khi [m/s]
p = 4p suit tinh [Pa]
Pk = khéi lugng riéng luu chét, & day 1a khong khi, [ kg/m®]

Suy tir cong thirc nay: Khi van téc giam, dong ap giam, thi tinh ap ting.
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2
Cong thirc twong duong: Téng dp [Pa] = pv7 + pgh

Ponvi: Ap suat = [Pa]
h = chiéu cao cot khong khi [m]
g = 9,81 ms*

3.3.2 Do tinh ap

Hinh 10.a : Ap ké chix U Hinh 10.b : Ap ké chir U do tinh ap

Tinh ap 1a hiéu sd giita 4p sudt trong budng va ap suat khi troi. Tinh ap tac dung theo moi
hudng. Po tinh 4p bang ap ké chit U. Cau tao don gian nhat (Hinh 10.a va 10.b) 1a mot éng
bang nhya trong hodc thuy tinh udn thanh hinh chit U, chit léng chtra giira hai nhanh,
thudng 13 nudce tinh khiét. Tinh ap trong budng thudng cao hon ap sudt khi troi, nén day
khéi nudc tao d6 chénh léch h giita hai nhanh (4p suat duong), va nguoc lai néu trong
budng c6 tinh 4p thdp hon 4p suit khi troi, do chénh léch h nguoc lai ( 4p suét chin
khéng).

Tinh 4p, ky hiéu Ap, don vi = pascal = Pa = N/m?

[ Ap= pgh |
v6i  p =khdi luong riéng chét long (nude: p = 1000 kg/m®)
g =9,81 ms?

h = do chénh léch chit long [m].
Chuyén dbi: | Ap[Pa]= 9,8 h[mmH,0] |

Luuy AE) 13 hiéu sb giita ap suét trong budng va ap suat khi troi. Ap sudt khi troi ¢ diéu
kién chuan va cao do 0 m la 101 325 Pa; giam trung binh 12 Pa khi d6 cao tang 1m.
3.3.3 Lién hé giira 4p suit tinh bang ¢t nwéce hy, va bang cot khong khi hyy
pnghy = prk g hkk. O didu kién binh thuong: pxx ~ 1,2 kg/m?®
= hkk = (pn/ prk) e = (1000/1,2) hy
| h = 833hy |

NH Tam 2006 - 2011
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Vidu: Po dugc hy =30 mm nudc =0,03m = hgx =833 *0,03= 25 m cot khong khi

3.3.4 Ap ké véi bau rong

Pé tién doc, tiét dién bau nudc mdt bén Ap 16n hon
hy E ri] nhiéu so v6i bén kia A. (Hinh 11)
1

ho *Ap = h* A (voi A<< Ap)

hb =h*A/Ab

Hinh 11: Ap ké véi bau rong

Ap suét thyc su hyye :
hiwe = (h+hy) =h(1+A/A,) =~nh

nghia 1a chi can doc ¢ phia c¢ot nudc dang Ién.

335 Ap ké v6i nhanh nghiéng

Pé dé doc va chinh xac hon, mdt nhanh cua ap ké
dugc dat nghiéng dé ting d6 nhay, doc theo nhéanh
nghiéng (Hinh 12).

Thudng goc nghiéng o = 5-10°;

vay: h = h’ sina

Hinh 12: Ap ké véi nhanh nghiéng

hiwe = W(L+AIA) =h sina (L+A /A
~h’ sin o

h* = hyye / SIN QL
Vidu:o=5°44"; 1/sino =10; h’ = 10 hy, ; d6 nhay ting gép 10 lan.
3.3.6 Chit 16ng khac nuéc
Pé khoang doc nhay hon nira, c6 thé chon chét 16ng nhe hon nudc.
pL = khéi luong riéng chét 1ong, kg/m® . pHzo = khdi luong riéng nue = 1000 kg/m® .

y = tytrong = pL /pHo <1

Do dugc d6 chénh cot chat 1ong hy. Qui ra c¢ot nude nhu sau:

pL g ht = pro 9 o, Suyra L hwo =h v |

Do h. =huyo/y > hgeo nén khoang doc nhay hon.

Hodc v6i ap sudt 16n hon, c6 thé chon thuy ngan thay nude, 1mmHg = 13,6mmH,0



3.4 Dung cu do : Ong pitot
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Ong pitot (Hinh 13) dya trén nguyén tic: mat 15 dng thang goc véi ludng gié sé do tong ap;

16 6ng song song véi ludng gi6 chi do phan tinh ap.

Hinh 14 1a bd tri dé do tinh ap trong budng say. C6 thé bb tri
ca tong ap, tinh &p, va dong &p (Hinh 15).

nbi dng dé c6 thé doc dugc

818 dudng kinh Tmm
khoan céch déu,
khéng "ba-vg"

R24

3mm ngoai,

 —

16 d

( ~ BUONG SAY)

8mm

Vong 15\1 5mm S = Vaoh kndc 0
L i '\ g]négn;ci; é':gc nudc|
ONG
? A
KHAO NGHIEM
Q UA T ’J Ong déng

Béng khdc
theo ty Ié 1/2

P.H Hién
19950408

Hinh 14:

3.5
- Tinh Vén t6c gi6 v tir dong ap Hy

Dung cu do tinh ap trong budng siy (hoic 6ng khao nghiém quat)

Cong thirc gin ding dé tinh lru lwong gié tir ddng ap

NH Tam 2006 - 2011
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v [m/s] = (4,0~ 4.30) * v Hy [mmH0]
Heé sb 4,0- 4,3 tuy nhiét do

Lueu V- Tinh v tir mdi s6 do ctia Hy, r6i méi lay so6 trung binh cua v.

Khong dugc 1ay trung binh ciia cac sb do Hg, 1di tinh v theo cong thirc trén.

(N ( fr_‘h'

Dong KK —~ e

Hinh 15: Dung cu do tinh ap va dong ap

Chirng minh céng thirc tinh lwu lwong gi6 trén nhu sau (Phan doc thém)

Goi : p = Khdi luong riéng khong khi , kg/m®
v = Van toc dong khi , m/s
p = Ap suit dong , Pa (= N/m?)
H = Ap suit dong , mm H,0
Cong thirc co ban : p = p V22

hay : v=4y2/p*p /Ct.01/

Khéi lugng riéng khong khi p tiy thudc nhiét dd T [°C] va ap suét khi troi pam [Pa].
Do & diéu kién chuin 25 °C va 101325 Pa, p = 1,225 kg/m®
(4p suat & diéu kién chuan biéu thi bang 101 325 Pa hodc 760 mmHg)
nén khoi luong riéng khong khi p ¢ nhiétdo T I1a:
15+ 27315 Pam
T + 27315 101325

p =1225
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Gia thiét ap suét trong 6ng Pagn = 101325 Pa. Piéu nay c¢6 thé chap nhan dugc , vi
101 325 Pa ~ 10 000 mmH,0; phan cong thém do ap suét tinh trong 6ng chi khoang

20- 200 MmH,0 Ia khong dang ké. Nen:  p = 22200
T + 27315
Thé vao /Ct.01/varitgon: v = 0075273*,/T+27315 * /p
[m/s] ['cl [Pa]

C6 thé d6i dé dung voi don vi &p suit 1a mmH,0, nhu sau:
Biét 1 mmH,0=9,81Pa nén P = 9.81*H

[Pa] [mmH,0]
= v = 0,075273* /T +27315 * ,/981*H
hay : v = 0.23576* /(T +27315) * /H
[m/s] [°C] [mmH,0]
O cao d6 mit bién :
Néu T = 15 °C, thé s6 vao phuong trinh trén: v = 4,00* VH
Néu T= 60°C: v =430* VH

Néu T =30 °C (ban ngay & TP H6 Chi Minh) : v[m/s] = 410 */H[mmH,0]
Luu lwong gié 1a tich sb cua van toc va tiét dién dng khao nghiém A:

Qms] = v[m/s] * A[m?]

Luuy:

Tri s6 p hodc H 14 trung binh ciia n phép do (n diém 1, 2,..., n) trong 6ng khao nghiém.
Dung : \/p=[\/ p1 +\/p2 +----+\/pn]/n
Sai W=V +p2+ . +ps)/n]

nghia 1a phai 14y can timg phép do, cong lai, rdi chia lay sé trung binh. Khéng duoc cong
céc phép do, Iy trung binh, rdi lay can hai.

Vidu:
Khao nghiém trong diéu kién A:
Ap suit Pama Vidu:= 630 mmHg ¢Pa Lat
Nhiét do Ta = 60 °C trong 6ng sy
v6i két qua: Luong gid V A = 32mds
Tinh ap pa = 400 Pa
Tinh luong gid V ¢ va tinh 4p po ¢ dicu kién chuan,
nghiala 6 To = 25°C VA Pamo = 760 mmHg (mit bién).
Giai .

Luonggio: Vo = Va (6vidutrén= 3,2m%s )
NH Tam 2006 - 2011
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Tinh ap : ty 18 thuan v6i khdi luong riéng ctia khong khi,
nghiala:  ty1é thudn véi ap sudt khi quyén Pam , va
ty 18 nghich voi nhiét do tuyét déi Tx véi Ty = T + 273,15 [Kelvin].

Po _ Patmo « Tka
Pa Patma TkO
O vi du trén :
Po 760, (60+273]15)
400 630 (25+27315)

= Po= 400*1,348 = 540 Pa

Di nhién, cong sut can thiét dé thang ap sut tinh ciling thay d6i theo ty 16 po/ pa.

Tom tat : Nha san xuat khao nghiém quat véi di€u kién va két qua : Pama, Ta, V A, Pa
va in catalogue véi so liéu ¢ di€u kién chuan : Patmo, To, Vo, Po

3.6  Cong suit quat (power, P, N)

o Cong sudt y thuyét (air power) P+ 1a cong suét t6i thiéu dé tao luong gié va tinh ap
trén, gia st hiéu suét 1a 100%.

Q[m3/s] * Ap[mmH,0]

Pr [kW] = 102

o Cong sudt thuc té Py 13 cong sudt do dong co can dé kéo quat, nhu vdy bao gdm cac
hao hut khi dong, hao hut do b truyén dong tir dong co dén quat, hao hut do ban than
dong co chay khong. Dé khach quan, khéng tinh hao hut do ban than dong co, ta
thudng dung dong co dién dé do va trir cong suit chay khong tai.

3.7 Hiéu suit tinh (static efficiency)

Nt [%] = (Cong sudt Iy thuyét | Cong sudt thuec té) * 100 %

hay

Cong sudt thuc té Phe = (Cong sudt ly thuyét PirIng ) *100 %

3.8  Hiéu suit co (mechanical efficiency)

Cong thirc twong ty trén, nhung thay tinh 4p Ap bang tong ap ( = tinh ap + dong ap) dé tinh
cong suét 1y thuyét.
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3.9 Y nghia cia hiéu suit quat
Minh hoa bfing vi du sau:
Yéu cau quat huéng truc véi Q = 10 m® /s va 50 mm H,0
Cong suat Iy thuyét: Py = 10*50/102 = 4,9KkW = 6,57 HP (mi lyc, “ngya”).

Néu thiét ké va ché tao dat 7z = 50 % = 0,50 (cac hing noi tiéng),

Pee = 6,57/0,50 = 13,1 HP = Dong co diu 22 HP la du dung.
Néu dat 7 =30% = 0,30
Pwe = 6,57/0,30 = 21,8 HP = Can dong co dau > 30 HP.

Néu dat m = 10% = 0,10 (phﬁn 16n quat do tu ché),
Pe = 6,57/0,10 = 65,7ngwa = Dong co dau 65 HP bj qu4 tai.
Chénh léch tiéu thu diesel 1 Lit/h (gia sir 20 000 d/Lit), nghia 1a mét thém vai chuyc triéu
dong nhién liéu mi nam. Gi4 tri hiéu suat nay cang cé y nghia hon nira néu dung quat cho
cac hé thong co6 luu luong va cot ap 16n hon.
3.10 P on
Do 6n cua quat No phu thudc luu lugng Q va cot &p H. co thé uéc luong theo cong thirc
No=101log Q + 20 log H [dB(A)]
trong d6 Q[cfm] va H[in H,O]
Véi ciing Q & H quat ly tam it dn hon quat HT. va d6 6n tang khi quat 1am viéc xa viing c6
hiéu suét cao.

Theo Occupational Safety and Health Administration (OSHA) va Environmental
Protection Agency (EPA) thoi gian cho phép khi lam viéc voi cac muc 6n la:

Thoi gian tiép xuc / ngay (gio) | Mic do on dB(A)
8 90
6 92
4 95
3 97
2 100
1.5 102
1 105
0,5 110

NH Tam 2006 - 2011
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3.11 Duwong dac tinh quat (fan performance curves)

Céc quan hé giita cac thong sb trén (4p suat, hiéu suét, cong suat, véi luong gio) thuong
duoc thé hién trén do thi cac duong dac tinh quat. Hinh 15 14 dudng déc tinh quat thu dugc
tir khao nghiém ciia quat HT 130-2T dung trong may sy tinh. Diém c6 hiéu suit cao nhat
(BEP) 14 ving trén dudng dic tinh mé ta khoang hoat dong ¢ hiéu suat cao vé ca mit ning
lwong va bao dudng. Quat khi 1am viéc xa ving hiéu suit cao ndy sé ting on va ting tai lén
cac bac dan.

3.12 Khio nghiém quat

Pé biét cac thong sb trén cua quat, c6 thé dung hai phuong phap do phd bién 1a ding dng
pitot, va phuong phap vat can (orifice, venturi, nozzle).

Véi phuong phap dung éng pitot, nguoi ta ding bo thiét bi do goi 1a “Ong khdo nghiém
quat” (Fan test duct), Hinh 17 va 18. Cac dung cu can c6 (Hinh 16) la: ng pitot, dung cu
do ap suét (ding nuéc, hodc dién tir), dung cu do vong quay, do cong suat dién, nhiét ké.
Ong khao nghiém quat 1a mot 6ng dai, tao ludng gié 6n dinh va mot stc can gio thay doi
tly theo mic diéu chinh. Cac nudec My, Dirc, Nhat...déu c6 tiéu chuan vé thiét bi nay, vi
du nhu tiéu chuan JIS B8330 ctua Nhat; ANSI/AMCA 210-99 ciia My. Thuong dng nay co
tiét dién tron voi tiét dién 6ng b?mg 0,7- 1,3 lan tiét dién miéng quat. V&1 duong kinh 6ng
khong nhé hon 300 mm, chiéu dai tdi thiéu gip 10 lan duong kinh dng. Khi duong kinh
6ng nho hon 300mm thudng chuyén qua sir dung phuong phap do dia 16 (orifice plate)



160

140

120

100

80

40

Tinh ap, mmH20; Hiéu suat, %; Cong suat, kW

20

HT 1300-2T, 970rpm

BEP

60 -+

10

12 14 16

Luwu lveng, m3/s

110

100

90

80

70

60

50

40

4 H

DG 6n, dB(A)

A Ti,%
® Co %

et B

Hinh 15:

Puong dac tinh quat HT 1300 - 2T (NH Tam 2010)
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Puodng dic tinh quat HT 1300-2T(Hinh 15) cho thiy, quat da dwoc khdo nghiém kha day
du, & cac muc tinh ap tir 140 — 40 mmH,0 ¢6 luu luong gié thay déi tir 8 — 22 m/s, tuy
nhién, diém c6 hiéu suét cao nhat (BEP) & muc 100mmH,0. Vay Quat s& hoat dong hiéu
quéa & ving 1an can diém (BEP) ndy vé phia bén phai twong tmg véi Q= 17-19 m*/s@ 90-
70mm H,O véi hiéu suét tinh tir 50-55% va hidu suét co tir 55-60%. Do on cua quat kha
cao> 100dB(A) vuogt ngudng cho phép tiép xuc 1au dai vi vay can c6 bién phap giam 6n

hoac cach ly.

Hinh 16: Cac dung cu do: dng pitot, dung cu do d on, cong suit, tinh ap, s6 vong quay

|

T -

NH Tam 2006 - 2011
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Hinh 17: Ong khao nghiém quat
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Hinh 18: Quat HT 1500 (truyén dong dai) lip véi 6ng khiao nghiém quat

3.13 Tam quan trong ciia quat va khio nghiém quat

Khong ai c6 thé bao dam cac thong sb cta quat chi nho thiét ké. Rét it sach bao vé thiét ké
quat voi ddy du chi tiét. Néu c6 thi ciing day diy cac hé s6 ma k¥ su tha hd tiy chon. DU
thiét ké dung, trong ché tao ciing “sai mot ly di mot dim”. Han canh quat nghiéng chéch
t61 hay lui “chit xiu” c6 thé 1am giam 30 % hiéu suat. Nhung khong d& thdy diéu nay, vi
ctr han canh quat mot goc nao d6 véi hudng gio 1a thiy “gi6 o 40”, yén tim!

Vi thé c6 thé khang dinh ma khong so qua trén: Khao nghiém 13 cach duy nhat dé bao
dam cac thong sd dat yéu cau. Ché tao ma khong khao nghiém ciing nhu tién truc ma
khéng c6 thudc cap hodc palmer. Nhu ngudi mu tim dwdng. Di nhién c6 khi ciing di dén
noi, nhung biét bao mo mam! va di nhién tir cac két qua khao nghiém nay cé thé sir dung
vao cac hé thong phu hop va hiéu qua nhat.
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4  TON AP CUA HE THONG
Muc dich tinh ton ap 1a dé chon quat thich hop. Ton ap thuong bao gdm 4 thanh phan sau:

1/ ton ap trong duong éng, 2/ ton ap cuc bg, 3/ ton ap thiét bi dau vao-ra 4/ ton ap do vat
lidu ctia cac qua trinh néu c¢6 ( nhu bé day 16p hat trong siy).

41 Toén ap trong ong

Vi dong chay trong dng, trude hét xét Chuan sé Reynolds = | Re = ——

véi: p = khbi luong riéng khong khi, ~ 1,2 kg /m®
W = donhotkhongkhi ~1,845*10° Ns/m?> (kgm?s™)
v = tdc do trung binh trong ong, m/s
D = duong kinh dng (tron), m
Néu 6ng chit nhat a [m] *b [m], thay D bing (4 Dy)
Diéntich /Chuvi = (ab)/[2(a+Db)]

v6oi: Dy = Béan kinh thuy luc

7 , V2 oL
Ton ap trong ong Ap [pascal] : Apgng = f pT o
véi L = chiéu dai ong, m.
f = hé s ma sat, tiiy truong hop tinh theo mot trong 3 cong thirc sau:
, . 4
> Ché d6 chay tang (laminar), khi Re < 2300 f = 2— (d1)
e
» Ché do chay rdi trong 6ng tron, khi 10* <Re <5*10*:| f = (;'3;'23 (d2)
0
> Ché do chay rdi vé6i 6ng c6 dd nham tuyét dbi € [mm]
e = 0,05 mm véi dng thép thuong ; e =0,3-3mm véi dng bé-tong.
1 251 N
— =-2log S (Phuong trinh Colbrook)  (d3))
Jf 37D  Reyf

Thuec té, c6 thé xac dinh f bang db thi Moody (Hinh 3.23).
0,02-0,03  (v6i khong khi trong 6ng)

Tri s0 tiéu biéu: f
f

0,04 (v6i khoéi 10 trong 6ng)

NH Tam 2006 - 2011
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4.2

AEYMNOLDS NUMBER, Ra

Hinh 19: D6 thi Moody xac dinh hé s6 ma sat ciia khong khi chay trong ong.

Ton ap cuc bo

Do dong khi gip thay doi tiét dién, d6i hudng chay, hoac phan dong.

Céc sach vé co luu chét thuong liét ké di. Sau déy trich dan vai trudng hop thuong gip:

Goi:

PaL
Co

a

Tbn ap cuc bo, Pa.
Ap suét dong cta dong khi van téc LON = pVv?3/2, Pa.
Hésdtbnap = Apw / (pV?/2), khong don vi.
Tiét dién 6ngnho , m?
Tiét dién 6ng 16, m?

Goc mé rong, do. (hodc goc thu hep, hodc goc bé gap, Bang.2)

RELATIVE ADUGHMNESS. /D
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Bang 2:  Tén ap cuc bd
Té done cha
i S Aps = CL* Piy
/két cau
C. = (l-alA)
o ""EHA
Dot mo
AEEa CL  =040* (1-al/A)
Dot thu
MG réng déu C. = Ke(l—a/A)2
/\ 6: 3 58 10 14 20 30 45 60 >90
a A O |Ke: 018 0,14 016 025 045 0,70 09 11 10
Thu hep déu C. =005 voi 0 <300
C. = 0,10 véi 0 <450
@B a
Ong bé goc CL = Ko
0: 15 30 45 60 90
9/ : Ko : 0,02 0,07 0,18 0,36 1,00
¥
Ong cong CL = Kp
2 rMb: 05 0,75 1,0 15 2,0 4,0
Y 4 | Kp: 1,0 0,75 0,6 047 040 0,30
N =r
’ _ —
Ong chuyén tiép cung
tietdién A = a CL = 0,15
r\
o A — | a
L=
Tham khao thém:

ASHRAE. 2001. ASHRAE Handbook Fundamentals, Chapter FO2: Fluid Flow.
Lé Chi Hiép. 2001. Ky thudt diéu hoa khong khi: Chuong 10: Thiét ké ong dan khong

khi, trang 325- 416. Nxb Khoa hoc Ky thuat, Ha Noi.

NH Tam 2006 - 2011
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4.3  Toén ap qua thiét bi diu vao-ra:

Trude va sau quat thuong co cac ludi loc nham 1am sach khi, cic bd trao ddi nhiét (TBN)
nham lam mat hoac nung noéng khong khi, can luu y chon lya dién tich lam viéc du 16n dé
gi6 ¢6 van toc thap co s6 Re nho: chay tang nham giam trd luc. Nén chon tong dién tich
ctia ludi vai loc bui 16n nham giam tén 4p v6i van tée gio tir 1- 2m/ph; t6n ap 1a ham béc
nhat

Ap=K*Q  v6i K la hé s6 tiy theo luéi loc
Trd lyc cua ludi con phu thudc cd hat bui va thoi gian st dung, lam sach.

Véi cac bo TPN hodc tAm 1am mét (cooling pad) nén chon van téc gio tir 0,5-2,5m/s 6 tré
lic tir 10- 30Pa tiy theo nha san xuat. Can chinh xac hon nén tra ctru cu thé cac thong sb tir
nha cung cap.

Ngoai ra cac cyclon lang loc ciing thudng dugc sir dung, tiy theo yéu cau ling loc véi cac
cd hat bui khac nhau véi hiéu suit ling tir 80-95% thuong c6 trd Iyc tir 400 — 700Pa. Tra
cac s tay dé chon cyclon phu hop hodc tinh toan thiét ké tuy yéu cau.

44  Toén ap qua san 16 (Henderson, 1943; theo Brooker et.al.)
Vv 2
Apjp = 1,07*[—”‘} (Hinh 20)
€ OL
voi: Ap, = ton 4p qua san 15, Pa
Vi = van téc qua bé mit, m/s

luu lwong gi6 [m® /5] [ dién tich san [m2 ]

€ = ty 1 khoang trong cua khdi hat, s6 thap phan
Vi du: 40% khoang trong, & = 0,40

OL = ty 18 16 ctia san, sO thap phan
Vidu: 6% dién tich 15, O, = 0,06
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Tén ap (Pressure drop), Henserson, 1943

——OL = 4%

OL = 6%

OL = 8%
—>—OL = 10%
--%--- OL = 12%

Ton ap (Pressure drop), pascal

n

—*—OL =14%

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Van tdc bé miit (Superficial velocity) , m3/s /m2

Hinh 20: Tén ap quasan 15, € =40% = 0,40
(nhan xét: OL > 8 %, ton ap qua san 16 kha nho)

45 Ton ap qua lép hat
Goi: Vp, = van tc bé mat 16p hat (superficial velocity) , m/s

Luu lugng gi6 / Tiét dién 16p hat thang goc v6i dong khong khi.

Gian d6 Shedd biéu dién quan hé ton ap qua 16p hat tinh trén 1 m 16p hat Apha Gian d6
tap hop hon hon 15 loai néng san, mdi loai biéu thi bang mot phwong trinh hdi qui

av?
Aprat = f(Va) =| A =~ 'm Pa/ m hat
Phat (Vim) Phat / m Ln(1+me) [Pa / m hat]
Vi du: La: a= 257*10" ; b= 13,2
Bép 2,07 *10* ; 30,4
D4u nanh 1,02 *10* 16,0
Cong thuc dao: . Vm = exp[A + BLnAphaym + C (LN APnaym )2 ] ‘
Vidu: LGa: A= -768; B= 1,10; C= —2,79*10-2
Bip: —6,55 1,01 -3,25 *10-2
Paunanh:  —6,53 1,07 -3,45 *10-2

Tén ap qua 16p hat con tiy thudc:
v Céc phﬁn tr min 1an trong khéi hat: Nhiéu tap chit min, Ap tang.

v' Am do hat: Hat kho hon (d4m d¢ giam), Ap ting.
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v' Cach d6 hat vao bi nén chat: Hat bi nén, Ap ting.

Bu trir bang cach nhan Appg tinh tir d6 thi Shedd véi hé s6 tinh dén cac yéu té trén.

Thuec ra, dd thi Shedd chi téng két 6 lidu & nudce ngoai. Khi nghién ctru sau sé& théy mot sd
khéc biét do vat li¢u dia phuong. Vi du: voi lua & Béng bﬁng Séng Ctu Long, muc sai
léch tuong ddi giira cong thic tinh cia Shedd va sd do thyc nghiém nam trong khoang
3- 12 % vé6i lta c6 4m dd 14%, nhung khéac biét 16n t6i mirc 75- 90 % ltia am d¢ cao 29 %.
Ca hai truong hop, Shedd déu tinh cao hon thyc té (Hinh 21).

Luu lugng, m’s /m’

0,32 r : : : . : :

T, D e B s | Lia29% [#i---| Lial14% |-=_

0,28
0,26
0,24
0,22
0,20
0,18

0,16

0 200 00 &0 800 1000 1200 1400 1600

Tr& lue, Pa /mét bé day 1&p hat

Hinh 21: So sanh tré luc qua 16p lia véi cong thire Shedd (PH Hién va ctv, 2003).

CAC PINH LUAT VE QUAT

Goi: Q [m3/S] = luu lugng quat

Ap [Pa] = ap sudt quat

P [watt] = cong suit quat

n [vg/phit] = tdc do quay cua quat

N, [decibel] = dd on cua quat
Chi s6 dusi 1 = quat ma ta biét duong dic tinh (qua khao nghiém)
(Subscript) 2 = quat ma ta mudn biét tinh cht

Céc cong thuc &p dung v6i quat 2 dong dang vai quat 1, voi kich thude bang hodc nho hon
quat 1. Véi kich thudc quat 2 16n hon quat 1, nén giéi han chi 16n gap rudi, va chap nhan
sai s0; QUA ty 1¢ nay, cac cong thirc hét chinh xac, vi nhitng phirc tap cua khi dong hoc.
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3
-8
Ql r]l Dl
2 2
=] (3
Apy N Dy
P _(n) (D)
P - m Dy

N02 - NO]. = 50 Ioglo& + 50 Ioglon—z
D, m

Dao tir cac cong thirc trén:
1 1 3 1 3 5
D, _ (A_pJ (&T N _ (A_IOJ (&]z w P (n_zj (&j
D1 Apz Ql n Apz Ql Pl m Dl

6 CHON QUAT PHU HQP VOI TON AP HE THONG

Nguyén tic: Chon sao cho luu lugng va ap suit phit hop, diém hoat dong (FOP) gan véi
diém hiéu suét cao nhat (BEP).

Thuc té, vé duong “cung” va “cau” vé luu lugng gid vai ap suat tuong ung.
“Cung” la duong dac tinh quat do nha san xuat cung cap, hoac do khao nghi¢m.

“Cau” 1a sy thay ddi ton 4p tuy theo lwong gié cung cap, tinh tir cau tao va bd tri cu thé ctia
h¢ thong.

Mot luu y nho, sau khi xac dinh chon dugc quat, viéc xac dinh kich thudc miéng ra cua
quat can tuwong ung dé tranh nhirng ton that, tiet dién mi¢ng ra cua quat nén tur 0,7 -1,3 tict
dién ctia dudng Ong, tranh chon quat qua nhd quay nhanh hay qua 16n quay cham.

6.1 Puong diic tinh quat — hé théng

Tuy theo loai quat c6 duong dic tinh khac nhau, c6 diém hiéu suét tinh cao nhat (BEP),
quat s€ hoat dong hi€u qua va on dinh it dn nhét & vung lan cén vé phia bén phai véi diém
BEP. Can luu y v6i 1 yéu cau co thé chon dugc hon 1 quat, khi ¢6 2 quat ciing dudng dic
tinh nhung c6 diém BEP khac nhau ché d6 hoat dong s€ khac.

Puong dic tinh cta hé théng (system curve) duoc v& nén tir tinh toan ton ap, giao diém
gita 2 dudng nay 1a diém lam viéc cua quat (FOP). FOP cang gan véi BEP quat hoat dong
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cang hiéu qua. Vi vy viéc xac dinh ton that ciia hé théng va chon quat phu hop gitip cho
hé thong hoat dong hi¢u qua nhat can dugc thyc hién mét cach can than va can ki€ém tra lai
khi hé thong hoat dong dé€ di€u chinh néu can.

- PEAK STATIC LEGEND:
120F | v PRESSURE = Pressure
- P S \\ = Power
- B e e N N N = Efficiency
L \
. T T ]
;/ DESIGN CFM & SP ]
100f f 100 -{100.
5 / < ]
N 907
s z ]
o [ S ]
} 8.0 [-- s 80- s0.
Z : £ _
¥ - n ] £
@ £ 70 @
= o 5 ] o
'g i / ; @ 5
£ esof 60 60. 2
L i /_,- : N1 ] a
3 : — — 50]
: = / \ 1
40| 7 : 40 40.
- P DESIGN BHP \ ]
- - ]
i A4 / : 30
- Py / : ]

[ ye ]
20— . 20 20.
AR \ :

- 10
o / SYSTEM CURVE \ 1
ook |' 0.

0. 10000. 20000. 30000. 40000. 50000.
Volume Flow Rate - (CFM)
Hinh 21: Puong dic tinh quat — hé thong
A !
| ;
. 2-stage axial flow fan ;
~ LeTTTE ’ /
Lo .~ K ’
N e . ! 7
—~ * J /
O ' J /
o) /

c Ve
SN » /
¥ N\ N
5 N . ' SN 4
7] \ J-stage vaneaxial fan SN
LJ '\.\ — S " /
=% "h.__- ’/l' 'h..._\' |‘ Vi
= = / \\ Fa
a > ., J( \
ZH QUmaxial fan SN \

Volume (cfm)

Hinh 22a: So sdnh dwong dic tinh cia 4 dang quat HT véi cung D va n (Bleier, 1985)
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Fan Curve

Fan Curve T
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Hinh22b: Pwong dic tinh quat ly tdm a/ quat FC, b/ quat RB —va dic tinh cong suit

Hinh 22a cho thdy duong dic tinh cta 4 loai quat HT c6 ctng dudng kinh va s6 vong quay
6 luu lwong va cot ap khac nhau. Vi vy tiy ton ap cta hé théng chon quat HT phu hop
(cung Q vai Ap khac nhau,chon VAF hay VAF-2T...).

Hinh 22b cho thay duong dic tinh cong sut qua tai (cong suat tiéu thu ting khi giam ap)
ctia quat ly tim c6 canh cong vé trudc (FC) va canh hudng tim (RB) nén luu y khi khéi
dong quat tranh qua tai mo to.

6.2 Chon quat:

Tuy theo yéu cau vé dic tinh ciing nhu viée b tri, ¢ 6n... c6 thé chon quat khac nhau.
Theo Bleier (1998) c6 thé cin ctr vao hé sb quay nhanh ng dé chon quat (Bang 3.).

nrpm V Q[m3/s]

n =
) h** [mmH,0]

trong do: Nrom ©  toc do quay, vong/phut.
Q: luu lugng, m®/s.
h: tinh 4p, mmH,0
Luu y: Nhiéu tac gia ding cac dinh nghia khac nhau nén céc tri s6 ns ciing khac, vi du :

- 365 I’]rpm \ Q[m3/s] I’]rpm 'VQ[Cfm]

n
H3* [mKK] H** [inchH,0]

hoac h¢ donvi Anh My cii n, =

S

nén can than dé khoi nham sb.
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Quat va Hé théng

120

100

80

Poly. (H13-2T)
60

Poly. (Ti,%)

Poly. { Co, %)

- = Poly.({H14-2T)
40

— - Poly.(H14-1T)
— . =Poly. (Ti 14-1T)

20 ——— Poly.{Co 14-1T)

Hinh 23: Chon Puong dic tinh quat va tré lye cia hé théng (NH Tam 2010)

Bing 3: Chon quat theo hé s6 quay nhanh n, (Bleier, 1998)

N Luu Tinh Hi@u 1‘36 Kich thudc | Gia

lugng | &p suat on Kh.lrgng thanh
Quat huoéng truc
Chong chéng 962 -192 Lén Thap Thip | Thép Nhé Thap
Truc dng 577-115 Lén Thap Thip | Cao Nhé Thap
C6 huéng dong, 1 ting | 250 — 96 Lén TB Cao Nho B
C6 huéng dong, 2 ting | 173 -67 Lén TB TB Cao B TB
Quat phéi hop 154 - 19 TB TB TB TB B B
Quat ly tdm
Cénh cong toi 135 -48 Lén Cao B Thép Lén B
Canh cong lui.va BI 135-38 TB TB Cao | Thip TB TB
Pau canh hudng tim 125-48 B B B B B B
Céanh hudng tam 48 -19 B TB TB B TB B
Quat nhiéu ting 15-2 Thép Rét Thip | cao Lén Cao

cao

( TB =trung binh)
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Hinh 23 cho thay duong dic tinh cia 3 quat HT 13-2T, 14-2T va 14-1T véi duong kinh
1300, 1400mm 2 tang canh va 1400mm 1 tang canh, co ty sé di/dy va sb vong quay/phut 1a
0,5-920; 0,6-820; 0,6-1020 c6 BEP khac nhau tuong tng vdi duong dac tinh (tré luc) cua
hé théng sdy tinh vai 16p IGa day 40, 50,70 va 80cm.

Véi quat HT14-1T, hiéu suét cao nhat chi twong tng véi 16p laa day 40-50cm, vuot qua
16p day nay gi6 giam nhanh, hi¢u suét thap va chay khong 6n dinh.

Puong dic tinh H13-2T, H14-2T cta quat 1300 1400 gan giéng nhau chi khac nhau diém
BEP c6 thé st dung cho 16p laa day 70 — 80cm (mit cudi). tuy nhién ving hoat dong cua
quat HT 13-2T gan v6i BEP nén hiéu qua va on dinh hon.

Véi quat ly tdm tdy theo cong dung dé van chuyén khi sach, khi ¢ 1an bui, khéi hay cac
vat ran c6 kich thudce nhé. .. co thé chon dang canh theo bang 4

Bang 4: Chon quat ly tam theo cong dung  (Bleier, 1998)

Mhim Wham 2 Tutho
AF EC EI AH H L3 L30 RT FC RE Blower | Compr
2880t
C& DK roto, mm 300- 300- 300- 500- A00- 300- 300- 600- 50-1200 300- 200- 200-
3300 3300 3300 2500 2500 2500 2500 2700 3000 2400 2400
Ty s6dl/dz, % 65-80 | 60-20 60-80 &0 a0 20 20 50-80 7590 30-60 40-60 40-60
Gde dit cdnh, 36
fil 10-300 | 10-30 10-30 20-25 30 30 a0 20-35 20-120 o0 3090 3090
fi2 40-50 | 35-50 35-50 60-70 a a0 a0 8090 | 120-160 o0 6590 6590
Ol v xoin dc, % 100 1an 1a0 20 20 20 20 an 1an a0 o0 20
| migng ht, 3ISW Cé Ca [} Ca [} [} Ca [} Ca Ca cé Ca
2 migng hut, DIDW Cd Ca Ca Khing | Khing | Khing | Khing Ca Ca Ca Cd Khing
Mhigt d6 lam vige Max, ol 420 420 420 420 420 250 250 420 200 650 600 600
Tap chit Khéng | Bui Bui Khing | Bui-hat | Bui-hat | Bui-hat | Bui-hat | Khing | Bui-hat | Bui-hat | Bui-hat
6-10 12-24 12-24
36 canh 912 912 0.12 10 fi f f 12-24 2464 0.40 022 022
bmax d2 035 035 035 0.30 035 035 035 020 0.55
Vich ngodd phgng (F)-conC) I3 P-C PC c C khing | khing C P Ehfng | P-C P-C
Tinh &p, mmWC 125. 125 | 125750 | 125-500 | 125-300 | 125-300 | 125-750 | 250- 25-250 500- 250- 1000-
280 1500 1000 1000 1250 7250
Bie tinh cdng st U 13 K K K C C C C C C C C C
Cd () khing (K)
Higu st oo hax, % 92 25 20 20 70 635 635 70 635 &0 20 55

Trong d6: AF, BC, BI 1a dang canh khi dong, dang canh cong lui, dang canh thiang nghiéng
lui c6 hiéu sudt chung cao, it on va duong dic tinh khong qua tai khi chay khong, thich hop
v6i khi sach hodc it bui dung nhiéu trong hé thong thoang, hé thong say, ton trir. ...

Dang canh AH dung hut khéi, MH ding van chuyén mat cua dim bao, vat liéu dang hat
10i; LS, LSO ciing gibng MH nhung khong c6 dia trudc hodc ca dia sau.
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{  TINH TOAN CAC KiCH THUOC CHINH CUA QUAT

7.1  Téngquan

Thiét ké quat doi hoi cac hiéu biét co ban vé canh khi (airfoil), luc can va luc nang Ién cénh
khi, céc thanh phan van toc dong khong khi di vao va ra khoi quat, cac hé s khong thir
nguyén lién hé cac thong sb cua quat... Tir d6, tinh toan duoc duong kinh ro-to, kich thugc
V6 quat, s6 canh quat, bién dang cénh...

Phuong phap thiét ké doi hoi nhiéu udc lugng vé cac hé s, mic du cac cong thuc tinh
trong khé chac ché.

Can di sau vao thiét ké quat, xem “Bruno Eck. 1973. Fans: Design and operation of
centrifugal, axial, and cross-folw fans. Pergamon Press”. Mot tai liéu khac nén tham khao
14 “Bleier F.P. 1998. Fan handbook: selection, application, and design. McGraw-Hill Co.
Inc”. duoc duc két suc tich véi nhiéu kinh nghiém cua chinh tac gia nay.

Khoéng thira khi nhic lai cAc tai liéu trén, ciing nhu mot s tai lieu khéc, chi 1a buge khoi
dau cho thiét ké. Hau nhu sau thiét ké ché tao phai diéu chinh lai thong qua khao nghiém
kiém chimg.

Trong pham vi sach nay, chi cung cap céc cong thic dé tinh so bo mot kich thudc co ban
cta quat, d6 14 dudong kinh ré-to quat. Tinh toan xuét phét tir yéu cau vé luu luong gié, &p
suét, va c6 thé ca khdng ché vé toc do quay; vi du, dong co dién 50 Hz 1a 1450 vong/phut;
mot nha san xudt dong co diesel khuyén céo sir dung dong co cta ho & 2000 vong/phit dé
¢6 hiéu suét nhién liéu cao nhat. ..

Muc dich cua tinh toan 1a wéc lwong dugc kich ¢& quat, dé thu hep khoang tra ciru céc
catalogue cuia cac nha san xuit quat.

Mot luu § nhd, cac catalogue cua nha san xuat thuong chi cung cip sb liéu vé luu luong,
cot ap, cong suit va sb6 vong quay, it cung cip dudng dic tinh quat, hodc co ciing khong chi
16 diém BEP, vi vay can kiém tra cén than, dic biét luu y khi st dung quat c6 cong suit 16n
dé tranh giam hiéu suat chung gay hao tén ning luong chay quat.

7.2  Quat huwéng truc co hwéng dong (vane-axial fan)
Puong kinh tdi thiéu cua ré-to quat:

Dynip [mm] = \/ [30600J Ap[Pa] + 83400 QUM /s1
N (N,,,, /1000)

rpm

Vi du: Q=4m’/s; Ap=300Pa; Nrpm = 1450 vong/phit

Tinh ra: Dmin = 603 mm. Ta tra ctru catalogue quat c6 duong kinh 16n hon 600 mm.
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Hoac theo Bleier (1998) cong thirc 4.1 trang 4.7.

Puwong kinh tréng quat d 12 ham sb cua tde do quay Nrpm (ty 1 nghich), va ap suat yéu cau
Ap (ty 1€ thuan véi can bac hai)

He Anh : d" finch] = 2229 [ap" [inchH20]
N rpm
Poi qua hé S.I: d [mm] = 3N0596 JAp [Pa]
rpm
Puwong kinh ré-to quat t6i thiéu:
Hé Anh : D, [inch] = \/d"[inch] + 61%
rpm
3
Pbi qua hé S.I: D, [mm] = \/d[mm] +83400 M /5]
rpm
— 1000vp
— 1200vp
g —— 1400vp
E, — 1600vp
g —— 1800vp
£ ——2000vp
= — 2200vp
£ —— 2400vp
-~
= ——2600vp
3 —— 2800vp
a

200 300 400 500 600 700 800 900 1000 1100 1200

Tinh ap , pascal

Hinh 23:  Tinh dwong kinh tréng quat tir s6 liéu tinh ap va toc dd quay
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7.3  Quat ly tdm canh nghiéng hoic cong ra sau

N Koo Q[m’/s]
Puong kinh trong toi thiéu cua canh Dy : D, itnies [MM] = 3300 3 N
rpm

Pudng kinh ngoai tdi thiéu ctia canh D : Disithies LMM] = 25000 [ Ap [Pa]
rpm
Kiém tra ty sé D;/D = 0,50 — 0,85. Ap suét yéu cau cang cao, ty sé nay cang nho.
Thuong D:./D = 0,70-0,76.
Bé rong canh b : b < 0,46 D;

8 MOTSOLUUY KHI LAP PAT QUAT

8.1 Quat HT:

i L =DIAMETER

FLEXIBLE CONNECTION. FLEXIELE CONMNECTION
Sl .
-
- H
AIR FLOW. AIR FLOW.
I AIRDUCT. <4 D I::) - AIRDUCT. AIR DUCT. <> D
ﬂ (

FLANGE COMNECTION.
FLANGE CONNECTION.

Hinh 24a: Liap quat HT

Tranh dé vat can trude quat, nén cach xa 16n hon 1 lan duong kinh, nén c6 éng ndi mém
gitra quat va duong ong, can lap quat trén nén-khung vitng chac va giam rung.

H3 trudng hop nén tranh khi lap quat

SERNCERE L

a/ Co cong qua gan co6 ban | b/ Chuyén tiép git gay rdi | ¢/ Quat dat khong tring tim
kinh nho gy rdi dong va én | va 6n duong dng ciing gay rdi

Hinh 24b: Lip quat HT
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82 QuatLT

Quat va duong dng nén co tiét dién twong ung (tiét dién dudong 6ng tot nhat tir 95 — 105%
tiét dién miéng hat hodc thoi ciia quat), véi goc nghiéng chuyén tiép mo rong nho hon 7° va
goc thu hep nho hon 15°, co chuyén hudng nén cach xa hon 2,5 1an duong kinh miéng ra

A
=~ |
1©
-
=
— =0

Hinh 25: Lap quat LT

9 KHAO NGHIEM QUAT & PO VAN TOC TRONG ONG

9.1  Ong khao nghiém quat va vi tri do (JIS B8330)

Nén trg luc,

| 10D Min LN
t1 ‘
L ] L’\ =
%H=#* Q = L j
| 8,5D
P Y ) / 6ng pitot
ng chuyén tiép Bo nin dong g
No6n tré luc
‘ 10 D Min ts ‘

D
[T

Y%
> - %
1 8,5D
~ 0 . 6 itot
Ong chuyén tiép B6 ndn dong rThp/ ng pito

Hinh 26a: B tri khao nghiém day (a) va hit (b)
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Pt —tt b4
! | ' | l !!
S Sa O S A 4
| o
bttt —t—+
A
LGN SR S Sk S
b
: ! :
b4 — 44— —%
| ' I
uu'l[:l'r--—
i' 0235 D —=
BT D
- OMID
ke — QTE8 D ——»
| P — 08X D —
MNa. of Points for
Traverse Lines Position Relative to Inner Wall
5 0.074, 0.288, 0.500, 0.712, 0.926
[ 0.061, 0.235, 0437, 0.563, 0.765, 0.939
7 0.053, 0.203, 0.366, 0.500, 0.634,
0.797, 0.947
Log-Tchabycheff rule for rectangular ducts

I-u-inu‘nb

1
7
R
i |
Tt v %

—

Mo. of Measuring
Points per Diameter

Position Relative to lnner Wall

[ 0.032,0.135, 0.321, 0.679, 0.865, 0.968
8 0.021,0.117, 0.184, 0.345, 0.655, 0.816, 0.883, 0.981
10 0.019,0.077, 0.153, 0.217,0.361, 0,639, 0.783,

0.847,0.923, 0.981

Logdinear rule for circular ducts

Hinh 26b: cac vi tri do ddng ap (van tdc) trong dng tron va chir nhat

9.2 Tinhtoan
9.2.1 Theo phwong phap dng pitot
Tinh 4p trung binh:

Dong &p trung binh tai vi tri do:

Van tdc trung binh:

Luu lugng:

Cong suat khi:

Ps

Z Psr
n

P - > \JPvr i

n

[mmH,0]

[mmH,0]

Q= V*A

P=(Q*P,)/102

V =0,23576*/Pv */(t +273)

[m%/s]

[kw]




41

Hiéu suét tinh: H =P/ Py [%0]

Cong suat dién tiéu thu: Pt = Pmt— P [KW]

9.22 Theo phwong phap 16 (orifices)

P, Ps
A Vi A ﬁf A
I
I FLOW
D, Dy Lo
. -~ Full i - L i . Il i
I
7.7
o, L1 [ T
. r =
0.2 0.74 Dy
el
0.3 071 Iy
0.4 Q.68 Dy
0.8 .80 Dy
Q.6 0.53 Oy
ot 0.45 Oy
0.8 038 Dy

L 1 — Q = ,AbC M 3/
uu IIO'Ing - d ,0(1_,84) [m S]
25
el

Véi Re > 30 000 Cd=0,61

Ao: tiét dién bng, [m?]; p : khéi luong riéng [kg/m®]; B = da/d; (ty s6 duong kinh 16/ dudng
kinh 6ng); P1, P2 : tinh ap tai vi tri 1, 2[mmH,0].
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