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Table 1 Correlation of Kamei et al. for paddle impeller ~ (Kamei etal.,
1995,1996)

Unbaffled condition
Npo = {[127 BV[8L/ADH)|}f
f=Ci/Reg+ Ci{[(Cu/Reg) +Reg] + (f./1CY"™}"
Re;=nd*p/is
Reg = {[7zrin(D/d)}(4d/AD)} Reg
C= 02157y d/H)[14d/DY1+1.83(0H)n,2)"
C=[(1.96X"*Y78+ (0.25)7*"78
m=[(0.71X*773+ (0.333) ™78
C,=23.8(d/IDy**(b/Dy" 18 0™
f.,=0.0151(d/D) C*®
X = "o/H
B=2In(D/d)/[(DId-d/D)]
y=Lrin(Idy(ADId)]"*
17=0.711{0.157 + [n, In(D/d)]**"}/{ n, > 1(d/DY’]}
Baffled condition
Np= (1) *INpr
X=4.5(B/D)Ng" N> + Npo/Npie
Fully baffled condition
=100n,"bid)® n,bid = 054
Nome { =83 7b/d)  054<n,bid = 16
=10(n,b/d)*®  1.6<n,*"brd




Fig. 2 Dimension of propeller impeller

Table 2 Geometry of several kinds of impellers

Impeller d[m] b [m] n[-] o]
(1)paddle 0070 0028 2 2
(2)paddle 0070 0021 3 2
(3)paddle 0.100 0020 4 2
()paddle 0076 0019 6 2
(5)paddle 0070 0018 6 2
(6)paddle 0070 0014 8 2
(7)Rushton turbine 0.060 0012 6 2
(8)pitched paddle 0.100 0026 2 /4
(9)pitched paddle 0070 0015 4 3
(10)pitched paddle 0.100 0022 4 6
(11)pitched paddle 0070 0017 6 /4
(12)propeller 0073 0019 3 /4
(13)propeller 0.069 0022 3 6
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Fig.3 Correlation of power number of rectangular vessel

(a’=1.5a) in laminar region with L/D= 0(®) and 0.27(0)
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Fig4 Correlation of power number of rectangular vessel

(@’=2.0a) in laminar region with L/D= 0(@) and 0.35(C0)
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Fig.5 Correlation of power number for rectangular vessel (a'=1.5a)
with paddle impeller. (@ : Ly/D=0,0 : Ly/D=0.27)

solid line : D=y 2 aand By, =+/a% +a" /10 for correlation
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Fig.6 Correlation of power number for rectangular vessel (@’=1.5a)
with pitched paddle impeller. (@ : L/D= 0,0 : Ly/D=0.27)
solid line: D=y 2 aand By, =+/a? +a" /10 for correlation
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Fig.7 Correlation of power number for rectangular vessel (a’=1.5a)
with propeller impeller. (@ : Ly/D=0,0 : Lg/D=0.27)

solid line: D=y 2 aand By =+/a% +a" /10 for correlation
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Fig.8 Correlationof power number for eccentric rectangular

vessel (a’=1.5a) with paddle impeller. solid line : Eq. in Table 3
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Fig.9 Correlation of power number for eccentric rectangular vessel

(a’=1.5a) with pitched paddle impeller. solid line : Eq. in Table 4
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Table 3 Power number for paddle and Rushton turbine impeller in

rectangular vessel

Unbaffled condition

Npo = {[1.27BV[8ADH)]}f
f=Cu/Reg+ C{[(Cy/Reg) + Reg] ' + (F.ICY™™
Req=nd’p/is

Reg = {[7min(D/d)/(4d//D)}Req
CL= 0215y dH)[1{d/DY’H+1.83(H)(n,/2)"
Ce=[(1.96X"Y78+ (0.25)7*"78
m=[(0.71X%773+ (0.333) ™78
C,=23.8(d/Dy**(W/Dy 8 0™
f.,=0.0151(d/D) C*®
X=n,""bH
B="2In(D/d)/[(DId-d/D)]
y=[rn(DIdy(/DId)]"
17=0.711{0.157 +[n, In(D/d)]**"}/{ n, > 1{(d/DY’]}

Center shaft condition

Np= [(14X°) "IN
X= 045N + Npo/Nprae

Eccentric shaft condition

Np= (14X Ny
X =4.5(Le/D)Np> + Nog/Npre
Fully baffled condition
=10n,"bid)> n,"bld = 0.54
Nems  { =83M7bid) 054<n"bld = 1.6
=10n,"b/d)**  1.6<n,"b/d

Table 4 Power number for pitched paddle in rectangular vessel

Unbaffled condition
Npo= {[127' V8 D*H] }f
f=Ci/Reg+ Ci{[(Cu/Reg) +Reg] + (f./1CY"™}"
Re;=nd*p/is
Reg = {[7z7in(D/d)}(4d/D)} Reg
C= 02151 (d/H)[1{d/D)’+1.83(bsindH)(n,/2sing)
C=[(1.96X") 78+(0.25) "3 78
m=[(0.71X*7y"80.333) 7818
C,=23.8(d/Dy**(bsingDy 18 ™
f.,=0.0151(d/D) C*®
X =, bsin" ‘g1
B=2In(D/d)/[(DId-d/D)]
y=Lrin(Idy(ADIdy]"*
17=0.711{0.157 +[n, In(D/d)]**"}/{ n, > 1 - (A/DY]}



Center shaft condition

Np=[(1+X") *INprax
X=045/{20 7" Npys>} + Npoy/Npax

Eccentric shaft condition

Np=[(1+X°) " Nppe
X=4.5(Le/DV{(260/"Npe 2} + Npo/Npie

Fully baffled condition

Nene= 8.3(26/2) (b sin'°4d)

Table 5 Power number for propeller in rectangular vessel

Unbaffled condition
Npo= {[1.27° FV[8 D Hy )
f= CuReg+ Ci{[(Cu/Res) + Reg] + (F./ICY"™} ™
Req=nd’p/is
Reg = {[7min(D/d)/(4d//D)}Req
CL= 02151y dH)[1d/DY’}+1.83(bsindH)(n,/2sin)
C=[3X™) "+(025) "
m=[(0.8X"*"y"+(0.333) 758
Cy=23.8(d/Dy**(bsingDy 1% 0™
f.,.=0.0151(d/D) C*™
X= 0, bsin' O/H
S=2In(D/d)/[(DId-d/D)]
y=Lrin(Idy(ADIdy]"
7=0.711{0.157 +[n, InD/)]**"}/{ n,*[1 - (/DY ]}

Center shaft condition

Np=[(1+X)" N
X=045/{20 7" Npma 2 + Noo/Npya

Eccentric shaft condition

Np=[(1 %) INpmae
Xx=45(Le/DY{2 /" Npmac>} + Np/Npm

Fully baffled condition

Nome= 6.5(n, "o sin'*d1d)"’
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Fig.11  Photograph of surface vortex of six blade paddle

impeller in rectangular vessel
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Fig.12  Correlation of power number for rectangular vessel

(@’=2a) with paddle impeller. (@ : Ly/D=0,0 : Ly/D=0.35)
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Fig.13 Correlation of power number for rectangular vessel (2'=2a)

with pitched paddle impeller. (@ : LyD=0,0 : Ly/D=0.35)
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Fig.14 Correlation of power number for rectangular vessel

(a’=2a) with propeller impeller. (® : Ly/D=0,0 : LyD=0.35)
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Fig.15 Correlation of power number for eccentric rectangular

vessel (@’=2a) with paddle impeller. solid line : Eq. in Table 3
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Fig.16 Correlation of power number for eccentric rectangular vessel

(a’=2a) with pitched paddle impeller. solid line : Eq. in Table 4
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Fig.17 Correlation of power number for eccentric rectangular

vessel (@’=2a) with propeller impeller. solid line : Eq. in Table 5

Nomenclature

a = shortside of cross section for rectangular [m]
a = longside of cross section for rectangular [m]
b = heightofimpeller blade [m]
By = baffle width [m]
D = characteristic length., diagonal for rectangular [m]
d = impeller diameter [m]
H = liquiddepth [m]
Lg = eccentric length [m]
Np = powernumber (=P/on’d’) [ —1]
Npy = power number at non-baffled condition [—]
Npmx = power number at fully baffled condition [—]
n = impeller rotational speed [s"]
ng = number of baffle plate [—]
n, = numberofimpeller blade [—]
P = power consumption [W]
Re; = impeller Reynolds number (nd®p/iz) -]
T = shafttorque [N »m]
6 = angleofimpeller blade [—]

u = liquid viscosity [Pa - 5]
p = liquiddensity kg - m”]
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Correlation of Power Consumption for an Eccentric Rectangular Mixing Vessel
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Keyword :  Eccentric Mixing, Agitation, Power Number, Rectangular Vessel, Correlation

Power consumption was measured for rectangular eccentric mixing vessels with several kinds of impellers. The power number of
rectangular eccentric mixing vessels corresponded to that of a cylindrical vessel with a diameter of 2 times the short side of the

horizontal cross section of the rectangular vessel and with one baffle with a width of 1/10 of the rectangular vessel diagonal.



