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CHapter 1 — Checked by T. J. Sadowski

LA Compufa’n’on of Viscosities of Gases ar Low Densily

Two methoas of solution are given in the texd: the kanehc theory method based an
Eq. 1.4-18, and fhe wrresponding stults method baswd on Ag. [.3-i, The kincic iizany
method iy more acwrake, (claulabions by both meshods are summarized here.
Kirieric Thinry‘f‘}e)‘hod:

e - — e - - - -—— e ——

bCﬁnsk—unh fom Toble B-| w1/« &;& Fredicked viscosily ,éff?
Gas | Mo (A | emor) | = 2| qtena | pm veenpe S5
Q. |3v00| 3433, 3, 2.60 LOZ 0.02029
Na. 23.02 1 368 1 q1.5 320 l.o22 0. 01747
CH, | 16.04 3322| 137 214 L1149 0. 0109
_Corrusponding Staks Meshod:
Constonhy fom Table B- T b W e i‘ff;;cf;;i
Gas T (°K) | platm) | pe (cp) | = ’ﬂé"’ = ";;’ (Rg. 1.3-1) b Lep)
O, | 1544 | 427 0.02.50 130 0.020 0.82 0.072.08
Ni 126.2 315 0.0180 2.32. D.030 0.47 0.0175
i CH‘#_J i91.0 453 0.0159 (.64 0.02.2. 0.69 0- 010D

The observed vatues are: 0, (0.0203¢p), Ny (0.017S¢p) | CHy (0.0109 ¢p)y 03 grven
in lable |1-2.,

L.B Calauation of Viseosities of Gas Mixtures af Low Density

For the binary sywhem bang onsidercd
2 v

L SPedc.s P—L“Oe M

1 Hz_ €9 .4 Z-O”p

2. CClFy i2# 0 1210.9
According to Eq. 14-20 . @, =1, €1 =1, and

EN
-1 A
4 RO [Ty (884 b (1208 VVA 1T = 3954

- _LL
EJER JZ 120.9 21.016



| 120.9 "'/2.. 124 .0 Vor 2 olé . < Z
- . - 4+ -
2, {8 [‘ T 2o [' * ( 88.4-) ( :w.q) ] = 0.0920
Application of Eq. [4-19 than gives:
2= 2= A= = A+b = ‘}
Xp | 2x5%; | Zxpdy X1/ 2, X pa/ 2 Ko x| Ho,,xi0%
0.00 3.934 |.oco0 0.0 124.0 (124.0) 124.0
0.25 3.200 0.713 6.9 120. 3 7.1 (281
0.50 2.467 0.544 17-9 1i3. 6 131.5 131.9
075 1734 0.319 3%.2 Q7.2 135.5 1351
.00 {.000 0.09. £8.4 0.0 (884 3.4

1.C Estimaiion of V(su:)sily ofa Qas at High Density

(8) hom Tuble B-1 we find that T.= 126.2 *K
o7 g cmlsec™. Hence:
br= p/p. = (1000 +14.7)/(33.5)(147) = [.40
Tr=T/T. = (460 + 68 )/ (12.62)(1.8) = 2.32 }“From Ry.13-1, He= oY
Hence the predickd viscosity is M= Ko R = (1.03)(180x107¢) = |93 )(’0—4-9 oo see
() Fem Table LI-2 , ot 20°C (68°F) , o =1.76 %o~ % g cm™ scc™. Fom Ag. 13-2.
for the valics o‘, pPr Gnd Tr culculated above | }J# = .. Henw the predicied viswsity

ST PFPC = (L y(17s «107%) = 193 x107% g omlsec™!

b

pe= 335atm., and Hc= 180x

L.D Estmaton of Lrquid Vl’sc.osiiy

(a) quuh'on .5-10 may he uxd with valus of N) h, R form Table C-2, and

T (°x) 273.2 373.2

p (g cm™3) 0.49948 0.94584
V=M/p (cm?® g-moc™’) i8-02 (£.90

ijp (cal g™) at normal boiling pt.|  FO&9 49% 9
AU,y = M AUg, (cat g-moic™) 3,983 | 8,988 |
exp 0.408 AU, /RT 8.60x10% | 140 %o™
Nh/ T (g en? sec) 221x107% | 22wt

Pediced Yiscosing (g em™ sec™) 0.19 0.0297




(b) US(’, Eq 1,512 fOCS(’,’t: (Hca Tb = 375.1”&5)
At Z73.72.%% =221 xxo“4) exp (338)(373.2)/(273.2) = 4—.ox10“2'9cn1“;u;’
At 373.2°K o= (2a2x107%) exp (3.3) = 2.5 xio”> g om sec
Summary of resuits: o°cC, (oo'cC
Owvserved Viscosi iy Cepd [.7387 0. .82}
Predicted by Eq. 1.5-10 48.4 2.87
Prediciea by Eq, [.S-1 2% 4.0 .95

Both cyuahons gi/c pror predfthons. This i3 not” Surprising Inasmuch as the  empiivcal
foreauta (0 &ys. 1S et seq. donot hold for water | nor for most assouakd Sub-

Stanccs.

j.- E MOiG(.ulur VEiO(_iT\y and Mean Fee Path

From Eq. l.4 -1 the mean speed of aa molecule is

———

0T = SRT | _ J B (834 x107X273.2) - 4.25 %107 crm sec™
™M T (32.00)

From E.q .4 -3 the rmean free Pai’h is:
rT (82.057X273.2) Q3o

A= VamdtpN T VZ e (3x10-8)2 (1) (6.023% (038)  cm

¢

Henw the mean free PQ”‘! is (43 x \(56)/(3;( 1072) = 310 molecular diumeion
under these conditions. In the liquid state, on Hiu ofwr hand, the worrespond)sg
raHo would be of the ordar of Magnitude of or ewn lkss than, unihy.

1.F Compartson of e Uyehara-Wahon Chart with Kinetic Theony

(@) Combinaton of Eqs. 1. 4-1l and 18 grees .
Gc* NTh
BOL L 26 6q3x (07> .

YMT. g

In addition, fom Eq. 14-11 we know that T = 077 xT/c
The calaalubions for the kinebhic theldry ¥\o+ Aave summarrzed below:




KT/g T;_ LQJF* Ordinate — f R Fromm
o TaB L 2063 VT /O, | Fg. 13-
B2 g
0.3 0,23 2.785 0. 46) | —
0.4 0.308 2 492 .55 | —
0.5 0.295 2.257 0:735 —
0.8 0516 - 780 {78 : D. 215
1O 0. 770 I.587 l. 492 0. 342
1. & 1158 L 314 2,185 ©. 515
20 Led L s 2.82 ‘ 0. 69
3.0 2.3 | l.o3g 3 .90 0.4
5.0 385 | 0937 565 133
g0 606 | 0854 1776 | 88
(0.0 7.70 0.3y 3.00 2.6

As may be seen th the figure borh Ha kineBie theory plat and tha Uy:hara-—
Watsor rbhﬂ” predict essenially the same T beiahur daperdanceof Yixosily, as s seen
by ¥he Similar shapes of Hu hio curas.

(b) Using an atemge value for tha raho of Hhe ordimales of the Ao curves,

we gzt - -
Sha no : M 2 T. Ya
3 = &7 x (073
Wit
wihere },L (=1 q ol sec! , O L=l /io\ , andg 7: =] °K. Solving fur

!J\: fn rmicropones we aek:
he & 42 Yl
{) Estmation of o by Eq 41z g
e 2 42 M TR [oasr LB = 594 MRT T -
g, 1.3-2 gives o weffiuent of 6l but iy otherwise idantical.
Estmaiion of o bj Ea. l.4-13 gives:
He = 42 MA T [ 244 (Tp)" 17"

- T7.06 M'hA Pf%ﬂa TL”'/Q
Thiz should bz wmpawd oith Eq. 153 Cim Wi the na el wtHfruent is 7. 70, in
Yigwd °§ tha CPpro Airialt Naiim ol Eqsk L4, 12, 43 , U‘\;/zham and Wation's relations
arz o be preferned,
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1.G  Comparen ofthe Simpe Kinetic Theory with the Exatt Theoy for Rigfd Spheres

When Eq. 1.4-9 is written in terms of the unifs uscd in Eq. 1.4-1%,

and d. is assumed o be the same as 07 we get

_ 2 Jo T
PJ 3_"_3/2. d.%

2 < .3805 x 10~'® > Vo A MT

it

3w \ 6.023 x 0% (lo® 4. )*
- VMT
= [.813 x10™° —
-

Eq. .4 -1 reduws to Hhesame form as that above (b\/ sething ‘D‘F“ cqual to unihy)
but the numerical constant s 2.6693 % 107>, Hence the Simple  kinehe Buory Is
low by obout 32% for rigid spheres.

CHAPTER 2 = Checked by V. Shah

2.A Determination of Capillary Radius by Flow Measurements
Solve the Hogen- Poiseuille formula for R 1o get
R = 4l gula  _ j/BﬁLur A
T QAp T Ap
in whidh P = P/J’ and wo= p Q. USIr\g mks wnits we subshhuke into this
formula to get :

R = :,/8(4.03 x 107%)(0.5002,)(2.997 % 1073)
(3.1416 )(4.829 x 165)

- ﬁ.185 x|10°P = T.51 %0 m or 0.751 mm,

The Reynolds number for the system is: (mks unite Used here)

Re = Dp _ 2 (w )____ 2 (2.997 x107)

= R Kvp -f(7.5!2xlO"‘)(A.o‘sxtO_s)(O.qssz,
Xi0%)



Hence Re = 66.0
Poiseuille law.

>

and the flow s lamnar (H’\Bjush'f)a use of fre Hagen-

lnasmuchas L, = 0.035 DRe = 0.35 . , allouana for the
end effecks would wot change R by mor than a factor of:

s [l _
T = 0.998

2. B Volume Rak of Flow through an Annulus

We use Eq R.4—16 1 which

0.445

222 L 0.45
[

W o= (136.8 b, ft~' Hr")(‘—’“”' s

3¢co Sec
(fPo —fpt_) =

3.80x 107 b, £t gec!

(5:37 1b, n7)(3217 pourda lbf' ) (144 10" ft7) = 244 x 10"

poundals e
(L1 in) (5 ") = 0.0917 £
Thensubstitubon Into Eq. 2.4--16 gives:

4 .
Q _ 1o (244 %10% b £t s )(0.0917 ££) (0.163) 0. 108
8 (2.8 x10°* lbp ft™' see) (27 ft)

*F“:SSCC_"

R =

To verify that it was Pl"oPerh) use the laminar flow formulo. of Eq.24 —1b
we wmpuki’h Keynolds number:

= 2R (I"‘K)<Vz>f 2. Q A
Re m - ?(Ef: (7o)
(0.108)( 80.3) = (090
(0.09(7)(3.8 x107% )(|.45)

Zz
i

2.C Loss of Catslyst Particks n a Stack Gas

@) Rearrangement of Eq. 2.6-16 gives:

vy = Di(p-plg /18 p

in whith D is the sphere diameter. When vy ls larger than 1.0 ft sec”!
(verticaliy downward ) then the particke will not  go up the sfade, Hena we
~ant 10 nnd that valcol D for which v

P = [[O ft sec™’ This will be the
mucinvum diameler of partides that- can be Jost.



Using cgs uwits we get:

(4 ftsec®™)(12 » (2.5 cm ™) = 30.5 o sec”!

p = (0.045 |b,_ ft72)(454 g b )(12 % 2.54)72 (ft? cm™3)
= 7.2 x107* g cm3

Therefore:
Drox = 8 p iy - (183X 0.00026)(30.5)
(f)s“?)ﬂ ((.?_ *7.2x|o“*)(93|)
- 4/1.2! xxo"‘" = [dxI107* cm =

= ||O microns

(b) Eq Lbo—16 fs ofrocurxe valid oh\y for Re<O.1

ah’kough it moxy be
O{:plied o{)Prommaqu ul:‘h obout Re =4 .

For e Sysrem at hand
_ Dv (.1 x 107> Y 30.5 )(7.2 x10o~*
Re = —ig = ( X )( ,.,ﬁy_},v.. - Oq.ﬁ
P (0. 60026 )

in C}-taf;br © , Mmerhods are given for handlni_z, flow around sprues fe Ra > L

2.D  Flow of Falling Fim--~ Altcrnate Deriwations

(&) Set Up a Mmomentum balanc. as before and oblain the differential
equation:
dT,_

- X . 5)% Ccos [3
dx
which may be in'l'cgmfcd to give:
Tz = f’%i Cosfp  + Ci.

[Nasrmuth a3 No Mmomentum s ﬁuns{cncd ot £=8 , then at that F’qn:_
we have Ty, = O. This boundary condifion enables us to deftrmine Cy
1o be

Cy = -—fca,g cos 3
and henc the mopentum  Hux  distribubon st
Tre = —948 cosp [1 - (2/8)]

Noke Hhat the momentum flux is i the negahve X - direchon.



lnsertion of Newton’s 3w of viscosity Te, = —M (dv, /dx) int the
above expressian tren gives the differental cquation for the velecily Aistibuhon :

é\{-l_ = (ﬁ%_gu> 505@ ( 14 - ::r't_)
dx m 8
This first-order differential equation fs easily integroded +o give :
2 —
Ve = (f_ﬁ> wsp [ E _ L (3’5,)2
m R
the constant of infegration, G, | being zero betaus Vz=0 at T =0.

Now we nole that T and < are related thus:

<\ _ [ x

(83 =+ -(5)
where X is Hhe Coordinale used n 32.2. lf— Ha above relahon {ssubshrured into
+he velocily disthbuhon we get :

§\2 2
m (et (a5 n{i-2% e (3]
whidn, Upen simplification, becomes:

w o (BHer (2o (3]
whith is the same as Bq. 2.2-16.  This just illustales that the choite of Coordinak
System makes no differenae n Hhue final answer,
(b) Subshtution of Eq. 2.2—12 inb Eq. 2.2-83 gres for combant
2
d Vz = (gi’)wsﬁ
dx* B
lnk,gmh’on twice gives:

(%49*)“5(5 L 4+ Cx +Cy
Application of the boundary condihons

B.c. A At x=0 , dVz/dx=0
B».C 2 At x=8 | V, =O

gives two  simultanesus equations for o irbkegration wnstants Cy ond  Cy



O

|

(g /) (cos®) 0+ Cy
0 = (99/p) (cos B) - £8% + C48 +Co

whencc Ci =0 and CQ_ = Ji: (?%81/},\_) cosS (5. In serton of these valuss
into tha last expression for vz than grves finaly:

Vo= (998%/ %) (cosp) L[4 — (/8)7]
whith s the same as Eq. 22-16.

2.E Laminar Flowin a Narros Slit

A differential momertum balance leads to:
AdTuz (R-%D

dx L
Then, nserton of Newtons law gives
drv, _ _(%-%)
dxz P'L'
Two  Successive integrations then yield:
Vg = —(—%]:'-‘-lxz + Cx +C

2
Use cf the bO\,mdary wndihons that v, =0 at x= £ B +hen gives the values

0{: Cy and C, ;3 When these are msaried into the leot equa hon
distribution:
touNno v = (CPO'—PL).BJ-

‘ 2L [l B (%)IJ

Onee the velocity profiles are knowm we can get various derived quanh hes:
Th( Mo mentum f\ux distnbubon s

we get  for Huw velocrity

Tom e - BN
Tha average velocity is: Gy = ST Ve dxaz LB
[ (3 dxdz B L Ve dx
. BB

S -] 4

- (& ‘K)Bz/L’)}LL

10



(7, -P) B> 1L

Ih( MAWImMurm \/Gh)’cl'h* 1S VZ,may. =
PANE
Rato of avg. to max.velou hy - &S/ Yz rmaw = %—_
3
Vouame ratco} flow: Q - BW<V1\7 - %CR‘?\AB‘\N“

HL‘
The latter result (s Hua anaiog o§~ the Hagen-Foiseuille laes

2.F Interrelation of Slit and Annulus Formulas

Subshttuhonof k =1-€ into Eq. 24-16 gives:

QR = K(%.-iL)RA* (4 - 4 + 4¢e —(Ge> +4e3~€4>.1
N
(L-1 +2€ - €2)*

4

1 (BR-POIRY | 4e — 62 + 4e3
8pl 4e? - 4e 3+ e*
€ + L € 4+ 36‘3 +.e

il

When the Indicaked lona division s performed we then get:

Q= n (%-R)R? 1?{ 6/ + 4e3 - gt
Sl
i _4£ / 3€3~—%—€4+...

- +.3
Q W(RES}TLBRE {i 5 +1

[{f € €1 |, Hhan the Herm %é and higher terms  may he neglected.

or




2.G  Laminar Flow of a Fallfng Film on Outside of a CircuYer Tube 12

(&) We set up a momentum balance over a Yhin shell ofthickness Or:

{MoMeENTUM 1IN} —  {MOMENTUM OUT} + {ForE} = ©

(2KPL‘T"1) \r - (ZKY‘LT"’-)\ + D.TtLArch_ = O

r+Ar

Divide by 2L Ar and take the imit as Ar =0

- %(rrrl) -+ r.PC}' = 0O

Oubstituton of Newton's law into Hs equation gives:  (for constant L)

d [y die
+P‘dr(rdr = - f£9r
Two integrations then give:
Ve _f_’__}__ + C, dnr + C,
, ¢
Applicah'm of the boundary conditions :
B,C__ i: At r= R_-, Ve =0
B.c.. 2: At r=aR, dv,/dr=o
gwes the followirig two equations for C; and C,
RZ.
BC 1 0= - £%— +C, R+ G
G
BC2: 0= - £E2F G
2 o-R

Thase mox be solved for C; and C, , and the results subshhubd Mt b
expression for V2 Qbove ; hencg wWe finaily 3et:

Vz = ﬂ_Rf [.1. ~_(%>"+ 2_3‘1{0\‘ "F'{}

(b) The Volume rate of Flom (5

o a'K o
Q = j j tnTdrde = 2mkt v EdE o §- =
)

R 1



Subst tution of the vélocity profile info this integral gives:

=TC?R+ e 3 2
Q —13{1—5 (5 -8 + 247§ (5 ) dE

13

1
4 4 | S Ca
- ‘K.f%R £ _i 2 52 _ 4 2 4 1y
| 2[}& ( 2 4 + a‘[ 4?1: 2§{""§] .
4..
- mpa K (_1 v 4ar — 3% 4 4&‘"&»@)
P o

(©) \f we sct a=1+¢€ (thrc € Is small) a}n_d expand I powm 0-} €
we get:
4.
T R 16 - L
Q = Pg ( 5 €> + higher powen of 6>

or

4
Qe ZE£ERE

This Is in agreement with Eq.22-19 with W=27R | 8= ¢R, and
cos 3= 1.

2.H Non-Newhonfan Flow m a Tube

&) Combinahon of Eq. 2.H—1 and Eq. 2-3-12 gi\(cs:

m(- %) . @R

let s=4/n ; the:
—dVyz - (?°~?l‘ )8 rs
dr Am L

S S+1
"‘VZ. = (&-TLI_> [ r + C]
Qm L S+l1

\nkgmh‘on gives:

J

Tha bcundunj condition of Zero Velocity at Hwe wall allows one o evaluate C |

wWith He resait that ¢



s +|

Ve = ((Po;i_ZR>5 R [:L _ G{)SM] 14

The volure rate o} flow isHhan«

. 3
Q= 2T CPV?“B)S R | 1= [y r\ 4 [r
Wml SHU o (R) (72> (TE>
Hence , when the integration is performsd:
< Note that whn s=4 and
Q= T ('R,-- :PL) R R3 e ey this becormes the
2mlL s+3 Hagen- Poiseuille formula.

{b) For Hwe Ellis fluid the VQ\OCI'\NS drstnbubon I's:

= ERT [a-(a] + ¢ [ERE]E [

oL
and the volume rate of flow st

=

3L 21

These resulis may ke obfaired by the same process dewribed in (@),

Q= 7 (R-R)R", LT (R-POR |* R3¢
<+ 3

2.L Flow of o. Bihgham Fluid from a  Ciralar Tube

There will be flow only ff the greakest Yalue of +he momentum

f"“‘ Tz

exceeds thevalue of T, characterizing the Bmgham fluid. The grestest vala
of Ty oCoun at thewall and Is f%R/Z Huna,

(} PﬂR/O_ ' To f-}ul‘d will r\__cﬁ'_ -How

ll: P K /9\‘ > To f-lufd u__iB H.o )



2.3. Annular Flow with Inner Cylinder Moving Axially

A shell momentum balana leads to the diffrential equation
d dVe,
S(rg) =o

This has to be integrated with the boundary conditions
Pc 4 At r= kR . Ve = v
BC.2 : At r=- R, vy = 0

When the integration (s performed and the two ihitegration constants ar cvaluated  from
Hhe above two boundarny conditions, we get:

e _ W (r/R)

v In K
Then the volume rate of flow o found +o be:
2 jR d
= v, r dr
®\ T g

2RV (e (5) (B) 4(3)

- 2rR'V 1

el EE 1SN S SN 3 H
TRV [(l—m"') 2 L]
2. o (i

<

Q.K Non- Newtontan Film Flow

Accoroling to Puz for any fluid Ty, = pgx. When Hae rheological
equation for tha Dmgham fluid is inserted into this , weget:
dve.
Ty — Po

When his is ihkgmk,d we Sct:

v = -£8 2 ¢ Tox 4 C,
2,

o]

dx T £I%




At =8, v,=0 30 that A - 16

Subhuch’ns these last two equations gives :

e B[] - )] )

for tne seiouny distnbubion M therange x5  x & &,
n P "Plug flowo rcafon' (O % s % ) Is:

V2 = fﬁb[i—%ﬂ]l

Q:}-lo

The Velou'h]

(05 XS zo)
where T, = _pjxo is tha def\'n\'na e.ciuqh‘or\ for Xo-

Next, we get the mass rake of How ((with W =width of film , Q= voluru rate of flow):

I' = :%T' = 7 Jo Vz,d ~ ) Integntion by part
- [uet - [Te(a e
= o] x (- %) ax
= 8 Y = To
- [ L‘o x l: _P_o_ x T;*o ] dx
- 2 3 :
r 933’; [1-32(3) + +(®)]

Hence & would have +o be obtaiied from: ‘a.grruphfcal soluton , by
Plofh'n%




|7
CHAPTER 3 — Checked by V. D. Shah

3_/3( Torque Pequircd '1"0 ;rbu*r\ a Priction Bearing

In Eq. 3.5-13 is given an expression for calwlating the torque needed to
furn an outer rotating cylinder at an angular velocity Ly . For the problem
descnbed vi Preb. 2.A we need @ Similar formula for the torque need +o turn an
iNner rotaliwy cylinder at-an angular velodihy bi. £ should be obvious that

Hhe dwo expressions muik be Husame . [f it D nd one can casily Show that when

the 1nner cylmdar \$ rotaked at (L and Hw ouler held stationary, Hun tha  wvelocthy
distrbution 5 ¥ '
kR Qhg

© = T LR - ()

ond the “fbrq\;e is then:

J = @T\’KRL ><+TrSJ >(KR>
r=xR

or

T 4nl Qi R (L)

which is the same in form as Eq. 3.5-13

for the sifuahon described in Ploblem 3. A we cvaluate the vanous quantihes

needed :
] . u
K g l—h’:(r mdlui = _j—-'-_?—OO - - O.qqg 3 \(’L___ O-qu
outer radfus 4. o002 "
K 0.436 :
T-:K’—-> = s oou}- = 249 r—- These wnversion facton came from Table C.3-
H = 200 c¢p = (200672 X\o—"f) \b,. -F{;" sec™! = O.|3L¥-‘+ -ﬂ,vm v{—.t‘:"’ sec™t
= (200) 2.094 x107%) Ib{ sec ft7* = 4.8 xi0™ H? see ft~
. — 4 ’P..L“ g rodija - - o radian
&Lu = ('7-00 rpm )( 60 Sec )(Q‘“ 'r’e:‘.i'}mn) R WL 7&&3
. . L _L 2 - - _‘_._.
R = (:L ln) = (11) fe - Y Ft':.
L_ = FATY = .al- f{,

- - e e W o wes .



Hene the ’forque, s

() (418005 (255) (5 ) (299

= 0.32 lbf ft

And Hupower‘ is
P = J

(l

(0.32 1 #t) ( 22m sec™) (e b Fon s

= 0.012 hp

{n using the above formulae 1t has been hciHy assurmad Hhat the flow s Stable
and laminar. We must ‘Verify Hhat this s indeed so \Mj using Eq. 3.5-1% . Hena
we must chade do be sur Hhat:

}\L

Inserhing the values from this example we have:

(29 (0.q98) ( 75) ()

(0. 1344)
which is well below the cribecal hmit of 41.3.
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3.B®. The Cone-and- Plale Viscome}cr

Throughout this problem we recogmze that in the conieal st 8= ™a. and
that 51h @ can everywhet be set equal to unity +o 3 very good approximation; henc
the expressions for torgue, momerdum flux, and velodhy profile may be writhen as follows:

Fom Eq. 2.5-32: J & ZoR? Top

Rom Eq. 3.5 -23: “c;aqb,;. _P_C%(_\;g)

Frorm Eq. 3.5 -37: ¥ - o, (579
r
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When these +three relations are combined we get

J = ?3:11:1%3“&1 /(%*90

which is a very good approximahon for Vvery 'h'n.«y Cone angles. [This same
result is given by S.0ka w Vol IOL of Eirfch's "Rhedogy” (Academic Pess, [460)—
see pb. 62.]

For +he situation at hand

R= 10 cm
po= icOcp = | g9 cm™~' sec™
. 10 radians |  radians
= — = T -
AR IO radians mm co cee A v
-1;.2?._ el = 0.5 ° = :3—1;——.5 Yodians

Hence the ‘f‘orquc is:

\Y/\ - %‘— B (10)3 (i-) ( %} /_;lf; = 4. x \O4d7n—cm

3.C The Effect of Altitude on Air Pressure

If we assume a S*‘aﬁona:y afmosp”m —i.e._no wind currents — then Hhe equation of
mohon is:

%i = P% (Z is measured from level o{» Lonke SuPufor)
1 1} be assumed that Hhe ideal aas law is opplicable then
= M
s RT
Fom the given termperature dato. the femperature n °R. st
T(z) = 520 — (3xi07*)=
Thun the equation of motion moy be integrated:
b 421 142
jdp = J"‘P(} dz = ﬁ.ﬂlj dz
R A 5% — (3x1073)z
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When the intgrabons are performed, we get:



