HW 5

Dixon Ch. 5: Ex. 1
Solution. The number of stages is determined from the stagnation temperature rise

per staga dT - obtained from the specific work done equarion and velocicy diagram

and the nverall Stagnation temperaiure rise through the comprasser, T _ -T
oB oA’

cbtained from the gverall stagnation pressu::a ratio, p B/p oA together with the

olytropi
polyropic efficiency, ?p' The number of idenrical compressor stages, n, is
obtained to the nearest integer from
n = {ToB = TmifﬁTu (1)

-

The specific work done by the rotor on the air, egn. (3.1), is

AW = hnz-hul = GP.Q,TO . U{GYI-EF} (i)

Referxing to the mean radius velecity diagram and noticing the velocity :riangles are
symmetrical for a reaction of 0.5 (i.e. B, = q.l]

[ - = -
},2 Yl u Zcx tan ﬂl

and, from eqn. (ii)
ﬂTq = WU~ Zc t@an u,l}ﬂ:p (iii)

The average axial velocity €, is obtained from equation of continuity, f=p AT,
the density being determined with the incompressible flow approximation
PEpoy= pol.r"{RTol}. Thus,

= 10° - 3
ol = P /RT,y) = 107/(267x 23€) = 1.177 kg/m
2

— . 2

Ce = 4mflpy T @, =4 )]
4 x50/ x 1.177(0.728
159.1 m/s

P

2 _0.436%)]

]

The axial velocity at the mean radius is

< = l.ﬂﬁxE'x = l&7,.1 m/fs

The mean blade speed is
U = Nd_/60 = wN(d, +d )/120

= 17 x 8000(0, 436+ 0.728)/120 = 243.8 m/s



Mean radius
velocity diagram
Cx

U=243-8 m/s

Polyropic efficiency for 2 small compressor stage is defined, eqn. (2.31), as
= vd dT = {y=-1)Td dT
7, dh, /dh = v pﬂ:p {(y-1)T Pf{*rp }
afrer using the perfect gas relations, pv = RT and Ep: yR/Ay=1). .
.. T = consmnt x p{\'"l]":‘" e {iv)

As the stages are similar with idefitical velocities, stagnation conditions can be used

in eqn. (iv). Thus, across the whole

compressaor,

Tow'Ter = Cotpe)" Y% it
- 51/(8.5%0.89)

1/3.115
= 5 DES
= 1.6764 1
:t T =T = u+ '&?64 X 2?6
o8 " Toa ’ ih. T
= 200.2°C

From eqn, (iif),

AT, = 243.8(243.8 - 2 x 167.1 .
x tan 28.8% OA
= 14.57°C S

Using egn. (1)

n = 200.2/14,57 = 13.74
.+ The number of stages required is 14.




Dixon Ch. 5: Ex. 2

Sclution. The degree of reaction of an uiﬂr_ flow compressor stage is defined as the

static enthalpy rise in the rotor divided by the static em:l.'aaIpy rise in the stage, i.e,
R = (h,~h))/hy~h)) ®
As the relative stagnation enthalpy is constant in the rotor, then
1 2
o T Bl '“’22}

Assuming a normal stage (i.e. ¢ =¢3}. then

1

'ha-'t'l1 = hlﬁihnl = AW = U{c'_-,ri-cyl}

Substituting into eqn. (1)
2 2
R = (w, =W )/ [ELTﬁ:]Irz -E}Fl] ]
= {U.I'Fl + W¥2}{W?1 ‘wyz}f [2 U{C?Z - ‘:Yl}] (i)

where it is agsumed that ¢, Is constant across the stage. From the velocity

triangles for the compressor stage, o u- o and g1~ u- “":,rl so that
1:?2 - cyl = le - wyﬁ’ Simplifying eqn. (if),
R = [w?l+ WFEJK{ZU} = f(an B Fran By)/2 (iif)

where the flow coefficient @ = cx,HLL

The data given in the problem enables the veloeity diagram shape to be drawn

w}rf ':';rl

immediately, The ma;nit{.desofdm velocity vectors must be calculated from the
information concerning maximurn relative Mach number. From the velocity

diagram the maximum relative velocity is wy and the corresponding relative Mach



number

174
M, = w/(YRT) )

where the static temperature Tl = Tol. -clzﬂlcpj. It is most convenient to solve in
terms of the axial velocity ¢, - Writing wy = cxfcus B 1 and ¢ = cxfcos a
= cxfﬂ.BE-E, a2qn. (iv) gives,

2 2
W, = YRM,,'T,

2 2
- -
= YRMII I 1 EI f{.’Cp}l

2 2 2 2
ep = YRM| [Tnl-cx /(1.5 cpj] cos™p, )

T

Using the equation (iii), p | cau be determined as follows,
tan 131 = ZR/¥ -tan ﬁz
= 2 -tmn30° = 1.4227

ﬂl = 34,9 deg

Substituring values ints eqn. (v),

¢’ = Lax287x 0.49[289 - ¢ '/01.5 x 1005)] x 0.57517
= 1.882x 10% - 00432 .::
o cx = 134,3m/s

The stagnation temperature rise in the stage f_‘-.T can now be Lrnmediamty
determined using the equation for the specific wnrk

AW = G AT, = Uteyy=c,) = Ubwy -w )

2
¢ (anp, -tanp )/ g
. 2
aE &TD = ¢, (@np, -tw@n ﬁzlf{ﬁ'cp}

134.3%(tan 54.9° - tan 30%)/(0.5 x 1005) -
30.35°C



Dixon Ch. 5: Ex. 3

Soluticn. It is tactitly assumed that the flow preceding the first stage is deflected by
inlet guide vanes to give an absclute flow angle a 1 of 30 deg, the same as all the
- other stages. The absclute inlet flow velocity ¢, is determined from the stagnation

enthalpy definition
1 2
hal B h1+fcl
L2 _
ST chcrnl Tl:'

where Cp =y R/(y-1), and the isentropic temperature-pressure relationship,

- (v-1)/v
T /Ty = @y/egy)
= (87.3/100.0}%3 = 0,9584
2

* = = = 278(1 = 0.958

Gt =20 T (LT /T ) = 2% 1005 % 278(1 - 0.9584)
= 2.325 x 10

¢, = 152.5m/s

1

Thus, the axial velocity is

—

o]
cx = "-'1 cos a = 152.5 cos 30

= 132,1 m/s

Using the equaticn of continuity, the mass flow rate is

-

rn--plﬁ.c.

1%
where Py = plj{RTl} = 87.3x lﬂjf(IBTx 0.9584 x 278)
= 1.1417 ]-:gfrnz
Som o= 1,1417x 0,372 x 132.1

i

36.1kgfs



The specific work done on the gas pE:‘ stage is

AW = U{cﬂ-cﬂ]

= u%1 - 20 @na))

= NU-2 c tan nlj

as the velocity wiangles are similar for a reaction of 0.5,

AW = (2x132.1)2 (1 - mn 307
= 29,5 KJ/kg

The shait power needed to drive the compressor (including mechanical losses) is

W, = am :ﬁ‘l_'r’.-‘?m

where n is the number of stages and ?m the mechanical efficiency. Thus,

W o= 6x56.1%29.5% 109/0.99

= 10.03 MW



