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Pa = -0.08 [bar] = -0.08*10° [N/m?]
81=0.61[]
Pb = 1.03 [baras] = 0.03 [bar] = 0.03*10° [N/m?]

NIMon Yo7 A nTizin o'xn? nww - (1.1

Pa+y*1=0
vx = 0.08%10° [N/m?]
Tx = px*g

px = 800 [kg/m?]
B N7 nimon yopnn oxn? nww - (1.2

0-y*1=Pg
Pg = - 8000 [N/m?] = Pa
Pc = - 8000 [N/m?] = Pg
(yn? mwn X7 Aux n2dow C 7 B nTij )

D nmjm7 C nmpm oxn?nww (1.3
Pc + y1*hy + yw*1 =Pp

- 8000 + 0.6*10%*h; +10* = 0.03*10°
hy = 0.1666 [m]
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Pbar = 662 [MMpg] = 662*10%760 = 87105[N/m?]
Shg = 13.6 [-]
Pa=0.5 [bar] = 0.5*10° [N/m?]

A nTi7%7 B nmipm o'xn? nww (2.1
Pg + yw*0.5 - yHg*0.5 - yw*1 =Pa
Pa- Ps = 0.5%10% - 0.5%13.6*%10* - 10* = -73,000[N/m?]
Px nTi%7 A nTipm oxn? nww - (2.2
Pa+yw*1 =Px
Px = 0.5*10° + 10* = 60,000 [N/m?]
(2.3
Pg = Pa + 73000 =0.5*10° + 73000 = 123,000 [N/m?]

(2.4

Ps(abs) = P8 + Poar = 123000 + 87105 = 210,105 [N/m?]
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d =200 [mm] =0.2 [m]
L =100 [m]

V =2.5[m/s]

v =10 [m?/s]
f=0.024 [-]

ki=0.9

kx=1.2

Nj'o0
Q = VA = VIId%4 = 2.5*TT*0.22/4 = 0.07854 [m%/s] * 3600 = 282.7 [m?/h]
= 0.07854*1000 = 78.5 [/s]

NN 210
Re = Vd/ v = 2.5*0.2/10° = 500,000 > 2300
n'va171]10
B7A pm"ma
Za+Paly + Ma%2g — Syas = Zs + Paly + Va?/2g

Yyae=Za=H
H = fLV?/d2g + kV?/2g = 0.024*100%(2.5)%/(0.2*20) + (2*0.9+1.2)(2.5)%/20 = 4.69 [m]

f=0.024 —  moody
Re = 500,000 = 5*10° — e/d=0.002 — e=200*0.002 = 0.4 [mm]

B%7Ap"Yma
Za+Paly + Ma?2g — Syag = Zs + Paly + Ve?/2g

Pely =Za=4.69 [m]
Pg = 4.69*10* [N/m?]
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V2 =2[m/s]

nijpoo (4.1
Q2 = VA2 = VIId¥/4 = 2*T1*(0.1)?/4 = 0.015708 [m®/s] * 3600 = 56.55 [m*/h]
=0.015708*1000 = 15.7 [l/s]
y2 = fL2(V2)?/(d229) = 3.75 [m]
ys=Y2
R3 = 0.0811f3L3/(d3)® = 1335
ys = R3(Q3)> — Qs = (Y3/R3)**= 0.053 [m?s] = 190.8 [m®h] = 53 [I/s]
Q1=Qs=Q2+Q3 =0.06871 [m?/s] = 247.35 [m®/h]

nmnnwon (4.2

Y1 = 0.0811f1L1(Q1)2/(d1)5 =3.59 [m]

ya = 0.08114L.4(Q4)%/(ds)® = 5.38 [m]
Yy=y1+Yyr+Yys=12.72 [m]

Zn+Paly + VAQ/-ZQ —XyaB = Zs+Pply + V32/2g
Ve =V4=Qa/As=2.18[m/s]

Zn=Xyas + V8229 = 12.96 [m]

2w X (4.3
d =200 [mm] =0.2 [m]
f=0.04 [-]
y=3.75[m]
Q =0.06871 [m%/s]

y =0.0811fLQ%d®> — L =yd®0.0811fQ? = 78.35 [m]
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di =200 [mm]=0.2[m], Li=10[m], e:1=0.4[mm]
d2=150 [mm] =0.15[m], L2=50[m], e2=0.03[mm]
ne = 80% = 0.8[-]

Q =200 [m*/h]:3600 = 0.05555 [m?/s]

k=009]-]

v =10 [m?/s]

N mTm (5.1
A=TId%4 — A;=0.031416 [m%, A2=0.01767 [m?]
V =Q/A —  V1=1.77 [m/s], V2 =3.14 [m/s]
Re=Vd/v —  Re:=35400=3.5*10%, Re,=471570=4.7*10°
(e/d). =0.002 [-], (e/d)2 = 0.0002 [-]
Moody — f1=0.028, f,=0.016

nmaxwn Ty (5.2

yi1 = f1L1(V1)%/(d12g) = 0.22 [m]

yi2 = f2L2(V2)?/(d229) = 2.63 [m]

2yk1=0

Tykz = 2k(V2)%/2g = 0.9 [m]

Yy12 = Y1 + Y2 + Tyke = 3.75 [m]

Zi+Pafy + Ma?f2g + Hp — Zy12 = Zo + Poly + Vo?/2g
Hp =Xy + Z, =3.75 + 25 = 28.75 [m]

naxwn? nodaynn (5.3
Zy+Pafy + Va?2g - Y1 = Zin+ Pinfy + Vin2/2g
Pinfy = Z1 - yi1 — Vin?/2g = 2 — 0.22 — (1.77)%/20 = 1.62 [m]
Pin = 1.62*10% [N/m?]
naxwnn 7oon (5.4

N = yQHp = 10%*%0.0555*28.75 = 15972 [W]
Np = N/mp = 15972/0.8 = 19965 [W] = 19.96 [KW]
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di =75 [mm] =0.075 [m]

d2=50 [mm] =0.05[m], L2=50[m], CHw2=85
ne = 80% = 0.8[-]

Hp = 45 [m]

Np = 2.35 [kKW] = 2350 [W]

v =10 [m?/s]

NAXYNN Nj7'90
Np=Nmp — N=Np*np=2350*0.8=1880[W]

N=yQHr — Q= N/yHp =1880/(45*10% = 4.177778*107 [m*/s]*3600 =

=15.04 [m®/h] = 4.178 [l/s]

77200 yn'7n T NRNpR

Hp=(Pc—Ps)/y — APsc=yHp=45*10*[N/m?]

NZ'101 TNIyN 109N

Q=15[m%h], d=50[mm], CHw=85 — nomograma — J=300 %]
y =JL/1000 = 300*50/1000 = 15 [m]

N1lAan Yndn
A, = TI(d2)%/4
V2= Q/Az = 2.13 [m/s]
Za+Paly + Ma%2g + Hp — Zyap = Zp +Poly + (Vb)?/2g
Zp = Hp — Zyap - (Vp)?/2g = 45 — 15 — (2.13)%/20 = 29.77 [m]
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Pa = 3.5 [baras] = 2.5 [bar] = 2.5*10° [N/m?]
Q = 150 [m¥h]:3600 = 0.04167[m?/s]

Tiyn 1090 (7.1
A=TId¥4 , V=Q/A , y=flv¥d2g

A1=001767[m?] , Vi=236[mis] , yi=6.96[m]
A;=0.03142[m? , V2=133[mis] , y»=2.65[m]
As=7.854*10%[m?] , Vs=53[m/s] , ys=36.87[m]

H o%79nn nan (7.2

ZA+Paly + VA'Z/-Z—Q —Xyap = Zp+Pply + (VD)2/29
H=2a= (VD)Z/ZQ -Paly + Zyap = (5.3)2/20 - 2.5*10%/10* + (6.96+2.65+36.87) =
=22.9 [m]

hnanvaomnnan (7.3

Za+Paly + Ma?2g — Syam = Zm+ Puly + (Vm)?/2g

Pmly = Za+Paly — Zyam - (Vm)?/2g = 22.9 + 2.5%10°/10% - (6.96+2.65/2) — (1.33)%/20 =
39.5[m]

Pu=yh — h= Puly=39.5[m]

P77y oinrtayn? (7.4
Za+ P*A/y + VAQ/-Zg —Xyap = Zp+Pply + (VD)Z/Zg
P*aly* = (Vb)%29 - Za + Zyap = (5.3)%/20 - 22.9 + (6.96+2.65+36.87) = 25 [m]
P"a = 25%0.8*10* = 200,000[N/m?] =2 [bar]
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