A radial flow compressor impeller is to be designed with no preswirl at the inlet, with Co, = C, and
with the following conditions to be met:

- the flow coefficient at the impeller exit ®, =0.4

- the impeller tip velocity U, =300 m/s

- the inlet hub to outlet diameter ratio dny 1 /d2 =0.3
- the relative velocity ratio W3 /Wy, 2 =0.75

- the slip factor o= 0.78

- the impeller outlet blade angle = 50°

The flowing medium is air which can be considered as a perfect gas with Cp=1005 J/(kg*K), y=1.4.

For the above conditions calculate the following:

a) the loading coefficient y

b) the ratio of the inlet shroud-to-hub diameter

¢) the number of impeller blades corresponding to the prescribed slip factor. In reference to the
figure below, is the calculated number of blades a reasonable choice?
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We can add further design specification to the problem; namely:
- the impeller outlet speed Mach number = 0.7
- the inlet total pressure P01=100 kPa
- the impeller total pressure ratio P02/P01=1.3
- the mass flow rate through the impeller 7 =20 kg/s

For these additional operating conditions, calculate the following:

d) the total-to-total efficiency

e) the polytropic efficiency

f) the impeller outlet diameter and the inlet hub and shroud diameters.
g) the impeller rotational speed in RPM

h) the outlet impeller width b,



kaﬁ(ﬂkﬁ o preSfoy y &—Q - wlr ' |
counpressoy  qqupellir o oc I Thu 11 Aﬂao/
ho F(e.gw/ré’ at Wt Cq- € P fep K
— Con = €1 ¢ Loge ¢ o ffw
@;O.‘/ = Tk o) Qd e) !
U‘L' ) Ca/QCLM // _*it\j 7 Z
U, = 3gom/> . deg — N
ronlet . :
dt 0.1 T (@ ) et on et
d?, Cy=Cx
w. _ 0% N
.fJ,/WSM =0 <
Skipfoda g 08 o
Hlade MSQL ‘_,)3/2 <50° backwatd X
dw [ — —
a) q/ il 676 , OVe
St -
w G
vee Re'outtud s&'r} Laclss 6= 0.78 = T » (2= 0 <§25ﬁ
oo ols SFQSLJ ) Cﬁ’gs k
@—: Cra - 04 - CRL‘—'C}Q Uy = 0,4 * 300 /e 10 &
Gde 9
W' o Cra o 20— 286
A Cbs[&[ 5P
Lﬁjoveuc,,[ .
('9/ ':U‘Q_"WQ,S“\ l'—B\OO- 186 % st S0 =154 M/O .
T cez - 039157 (225 "o
ocled
(\%— 2N _ \’?:'Z_i‘“/g = Q,L{Og ~ WQOLQ,(w%Qg LQ
C W 200 wih (4) 505 Rearily F"“’(’d>
\\,LO.'S- ijuej
. 7
b) 7 4y, | PN
by Moy e S de (4:&, 1
i {2 dug da duy \de )03
] |
5“1. _....}/ Up = Colny —.O\Jéﬁ 9
a C — b c‘ («l{{\ .
w,1 i Shy _ I
— U s "wdi' A € £
N N ; .
T 2 -



w

%i - 035

Wi,

W, = 5‘4’;5 263

- w0
15%.2 %/
°[§14 Wota )
! - Q _ 2549 . QQG‘{
da Ue 300
E‘A@‘&W - ASL\\ -(/, eggk" ‘ 2“88
| 9\51\ i, 03 0.%
C) 7 &= hunbe of beclo
T =01 :VCQL
> \JCosfa’
UAe QV\ MM‘P’Q'Q WM,,M' cevuJ G f——*—T —
| 2 Z27
0% — :
Z = A UL, \’cq/ﬁz/ = cog go < 6. 96

- 0?8 JS

S

why o PO Bminz 7 bo (bl (ask loading)
Zonr = Up O (W(k bockopa effect D




My, = -2 = 0% Calelst d) ¥,
r )
) , : £ 7#/&
Po\ = (o kla :
, ‘ . ' '@ dl/ "l’SM» de\ef
[ 11_)2 - 1.3 \%‘é gd‘ o 3) N [ﬂmj .
P?, ! QH)PQQEDV
ot L?'& ”fl 1v3 A L,
- le VPN co” k) 2
h = 20 “f7a L "P’& W, R, e
QM‘L,:}_D V—""k';ui(ﬁ Qay -
"//[\o’Lb’ L"" _ g
o() {71Ti hez - ko’ ;-_\?
. :/"Toz/)) 4 . .S o
Tozn - El - ‘Tf, . M)h?rf 70&? y __[! 3) = I.Oq?g
- e T e
70—1 - Tul .:’ gjg, ,
7 Ter
N Er 21
Tow ¢ \T‘)y« oy where <z = f *(eo- \/{ZO - 12?’; = &
e ZCp | Rr /Uz .
v gt To frow My, =03 & IR F o
) Ye
T,e —— (EE§~ 4/‘? .//E—Q?\; 'iﬁ; = 4 571 k |
S A
C h 1 [#1 “
e n £ 20 s+ = - LT
TDL_T? 76 & 5 oS © 4+ 2

L 200 «122.5= Y67 S0 L

AWC = (/L'Z" 1/\01 - CP(\Toz_— 70])'- Ue (9»2-—- U\%: -

Te»
- - lLoF3& -! . 4 se whropec
T TO Al - e o et e s 1. :
?“ ) N (A el — 4o —Aoted
Tﬁl A ﬁ'(—.ﬁ: -1 Qw“c len C;/
- 7 £y 3§J )

Tor



£) . |
A %f ym o
T total -t -t tad
’ | B QM‘T;&* /éh 1.3 aency ;
R Rl (i [28/7
) 'l

Tt % ?P.tt —
“OE 7/.\*& 4 /‘2?(& ,&s} a C""‘“{”emm. B
e e .
@ 7 d, Aoty Apy,
= 2o i‘i .JOA =r’f/)
\oﬁere A1 — (d@% _d&bs 4\ JL
M = F1 4’11 o - — N
{-\MA 534 : 5' 72'7—:
dB\b
=420 ¥ ] 1
Ty Tor - So 435 07 .
o M‘ - <y < _—EQ_’_——‘ ) 23
VaRT, Lt <Lz T ©
| 4.G

T ol

e —j\:)- ) _
Fa- Fos [w%—M.] - 400 4#%:/ 9252] = 94.3% kFa

P 94.33-10°
1 o — = 0';68 I’E%z

f/‘ ) RT, i WBF x40 ™
. )L/ . 2 2 2
Cix  0.%68 K¢ 120 ™
b % o
2 2 N
( A/)"\l - O\kb, = é{f’\“’ = 0,TBY w

|

é = 0.\946 wm

= 0.1%63) =3 Wby

z
dat, = 2.8 0,?\6; -> (2881 —AX Ae\b‘l

_ deor _ 013% _0.6488 ™
- o

Clg‘b' z 0% Cgiqw)

2z



> @: €0 Uz (o300
Td, . 0 6,88 831 ReH

AY 26, (outen wpellen width )
o= p Ao Can where A= mdzb,

nd :
fud g,
Mlt’ C2 - 4?{'6 - O‘f
V¥R (14« 28%« 4SH1 }

%01 = 4.2 Fo\ = 450 k?m)@ _ Le »
_ o i Po
.8 A=A WY - W6k
Po= bos [4+ LM, - \30[A+ L l
s ,

5) < __P_?', = M—i—'—g—’ 20‘28} )

URm ok < kSHY "
Permcr A, - w20 oaR3S8 md — wdaba

flcl‘l O-g?:" -120

> [bg= Ax - o18%t @) [

04 T 0. 6438 e
— [ T

e

) NS1 . uN \ . N bhoo- Koy =G (To,_-To.)

o 4831\ 260 =438 )séﬁx‘;»s:&f?%‘iffi
NM = 2

- Z, =
6o {Aoos (4?1-? *‘4779-'7& “

FL%,S,’LD: {?«ﬁ F,Ls'ﬂ)‘ / M“;: o, d):C—XL = 0.4

Uy
7?{& ~ 937 cdvz}s?mds to Nd\d 0.9

whife A the ‘;mw’v Cent 7?“» = 937 'cme%vowclb to No,""“'/

T\M\A/ H,;e \)mgolwmca chorackenistics w %«% 5.20 a’?PQ“} %d‘u a &W \wpb@iﬂ-.



