Ch En 374 Equation Sheet Final Exam

Properties, Constants & Vector Equations

Properties of Water Minor Losses
p = 10%kg/m? Object Ky
pw=10"3Pas Sudden Contraction  0.44
v = 72.9mN/m (air interface) Sudden Expansion 1.0
Properties of Air at 27°C and 100 kPa Orifice 2.6
X 90° bend 0.75
p=118kg/m Gate valve (open) 0.17
-5
p=186x10""Pas Gate valve (half open) 4.5
c=347Tm/s
A Orifice coeflicient
Cp/Cy = 1.40
T C,
Unit Conversions yPe
Orifice meter 0.61
lm = 3.2808 ft Flow nozzle  0.96
LkPa = 0.1450 psi Venturi meter 0.98
latm = 101.3kPa = 14.7 psi fio
ke = 2.2056 Ibm Drag Coefficient
Islug = 32.174 1bm Object Re <1 Re > 2 x 10°
2
Dimensional Constants Disk 64/(mRe) 1.17
8
= 9.807m/s* = 32.17 ft /s li _— :
g m/s /s Cylinder Reln(7.4/Re) 0.3
R = 8314Pam?®/(kg — mol K)
Expanded Vector Equations — Cartesian Coordinates
dp 0 0 0
L4 () + — —(pv,) =0
vy +o % + % + %- — _82 + _({92’1);3 82’l)z 82UI
Ploot "% er "oy "oz | T ax M| a2 T 92 T 022
vy vy vy vy  OP [0%v,  0%v,  0%v,
p[at””ax Ty Y | T Ty T a2 T T a2
Iv, + % 4+ % 4+ %- — _aj + -82’02 82UZ 821}2
at P ar Yoy e | T 9 M| a2 T 92 T 922
ov v ov ov ov v
or’ Y oy’ 0z g oz T “ay’ E Koz
1 [ov Ovy | [Ov ovy |
v Y 20y  Ox | Ty =Ty M_0y+6m_
1[0v, Ov,]| [Ov,  Ov, |
Fy.=T. =7 - 2 = Ty = -y ad
Y Y 2_82+8y_ Tz = Tay 'u_82+8y_
1[0v, Ovy] [Ov,  Ov, ]
Fz:ﬁ:sz:* zx — Txz — .
2_6x+8z_ E K M8x+az
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Expanded Vector Equations — Cylindrical Coordinates

dp 10 10 0 _
5% + *8*(7“/3%) + ;%(Pve) + @(pvz) =0

8vr+ ov,.  vg Ovy ’Ug ov. | (97D 0 18( ) +i82vr_z%+82w
T or ar \rar ) T27902 T 12 90 T 922

ot "o T a0 T v %
{31}9 Ovg ve Ovg vrvg avg] B 1373 {3 < 10 (ro )> 1 (92vg 2 8vr 8%9}

o oy Tr e T e )T vae TH e \Gor 2o T2 T o
8vz Ug ov, n ov, | _oP 1 821)2
roo oz 7“87" TEe T
_ Oy _[10vg | v _ Ov, ., Ou, 10vg v, ., Ov,
FTT_Ev Lgg = [7‘({90—’_} ) Fzz—g Trr—2/i§; Too = 2#[ 90 + ] Tzz = 210 02
B 1] 9 (v 1 Jv, B B ﬁ v lavr
FTQ_FOT_Q[T(?T( )+T89] TTG_TGT_M[T(?T(T)+T89]
B Oovg 10wv, B ~ [0vg 10w,
Fo. =1T.0 = [aﬁrae] T@z”zk“[az*rae}
ov, Ov, B B dv, Ovu,
FzTFTZ2|:8T+82:| TerTzﬂ[aT+aZ:|
Expanded Vector Equations — Spherical Coordinates
op 10 1 0 1 0
ot te r2 or ar TPt g rsinf 00 agPUesing) + Sinﬂﬂ(pv‘b) =0
ov, n ov, n Ujavr B ﬁ Vg ov, _ Ug +U§)
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ov,
Frr =
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110 (v
Tro =Ter = [ ar ( 0) t ]
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I. Phenomenology & Dimensional Analysis

Tp41 = Tn —

T = us

AAP
Tw = ———

C L
4

T =ms"

Cy =

1 O
rsin 6 8¢

Ov, OUT]

8 U2—nDn
Repr = pin
m [2(3%1)}
16
- RepL
VI ~ 075 log (RePL s ) )
2Fp
Cr =
b pU2A ;|
1.328 Re /2, 102 < Re < 3 x 10°
0.455 1050
_ 10°
(Tog Re) 258 Ro Re > 3 x 10

™
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I1. Fundamentals & Differential Theory

VP = pg

U:il/vdA

B ov,"
T2 = gy

DY pg+v
P =PIV o

Fp:—/nPdS

w=VXxwv

0= = v
T oy Y ox P = P9~ VP +pViv
1oy L
=00 T "o VP =VP —pg
by _of

= . _ 2

a:& &——VP
Dt "Dt ~
dp
a—i—V-(pv) v=V¢
V-v=0 V=0
LdL v v 10P 0%
———p.T. g OV LOF z
Lat P P Ve oy T oy p Ox T Oy?
1
r- [W+ (Vo)T ; , ,
ve(y) =U |2 (L) - 2 (L
2 \ () 2 \0(x)
F=An o
840 vz
oc=-90P+T 6(53)_\/@?
= . D{v .
F /S" ods p 1;3 = —V(P)+uVi() + V-7
FD:—/ez~nPdS+/n-T-ezdS 7" = —p(uu)
S S
7_* _ €8<Ux>
T:2,U,F xyY =p ay
=y [vu+ (VU)T] V2P = -V (v V)
27y af _ fim—fi
F= pU? dx Ax
on = 2Fp/AL Pf fir—2fi+ fia
p= 20 aJ
pU?

de? (Ax)?
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III. Macroscopic Engineering Systems

d

2

4/3 for laminar flow
a; = { 50/49 ~ 1 for turbulent flow

1 for plug/uniform flow
E, = Q|AP|

U2 oL fwl?
E’U,tot = g KL,iw +
- 2 D

K, — 53<1 — 821 - 5Y

B = Do/Dl
_ whp _ pQghy
"= bhp T Tw
_ bhp  Tw
"= Shp T pQghy
W = npTw

hmax
hyp = hmax -
P .

n-T-'vdS-i-/

d/ p’udV:—/ pv(v —u) -ndS
— pdV = —/ p(v—u)-ndS dt Jy S(t)
S(t)

—i—mg—/ nPdS+/ n-1dS
S(t) S(t)

d(mv) inlets outlets

T Z a;W;v; — Z a;w;v; + ZE

v v
— — + h] dV—l—/ [—F h] v—u) -ndS =
dt/v(t)p[Q g S(t)p 5 gk )

—/ P(n~v)dS+/
S(t) S(t)

b? P
= +gh -
2 p outlet

P(V-'v)dS—/ T :VodS.
S(t) S(t)

1
w

++gh> = — (Wi — E, - Ey)
p inlet

2 for laminar flow
b= <1.06 ~1 for turbulent flow

1 for plug/uniform flow

hy, = A— BQ"
hy = AH + hy,

P 22 P,

NPSH= | —+—| -

P9 29)iw P9

Pzdp 2 1
/ +A(“+gh> = — (W — E)
PP 2 m

_ MP
P=RT
RT C
2= R
M C,



