


Π







•





𝜑 =
𝑄

𝑛𝐷3

𝜓 =
𝑙

𝑛2𝐷2

Π =
𝑃

𝜌𝑛3𝐷5

𝐾𝑀 =
𝑀

𝜌𝑛2𝐷5

𝑘𝑝 =
𝑢

2𝑔𝐻

𝐾𝑇 =
𝑇

𝜌𝑛2𝐷4

𝐽 =
𝑉

𝑛𝐷



𝜑𝐴 = 𝜑𝐵
𝜓𝐴 = 𝜓𝐵

Π𝐴 = Π𝐵

𝑄𝐴

𝑛𝐴𝐷𝐴
3 =

𝑄𝐵

𝑛𝐵𝐷𝐵
3

𝑙𝐴

𝑛𝐴
2𝐷𝐴

2 =
𝑙𝐵

𝑛𝐵
2𝐷𝐵

2

𝑃𝐴

𝜌𝐴𝑛𝐴
3𝐷𝐴

5 =
𝑃𝐵

𝜌𝐵𝑛𝐵
3𝐷𝐵

5

𝑄𝐴
𝑄𝐵

=
𝑛𝐴
𝑛𝐵

𝐷𝐴
𝐷𝐵

3

𝑙𝐴
𝑙𝐵
=

𝑛𝐴
𝑛𝐵

2
𝐷𝐴
𝐷𝐵

2

𝑃𝐴
𝑃𝐵

=
𝜌𝐴
𝜌𝐵

𝑛𝐴
𝑛𝐵

3
𝐷𝐴
𝐷𝐵

5



𝐷𝐴 = 600 mm

𝑛𝐴 = 12.5
giri

s
= 750

giri

min

𝑸𝐴 𝑯𝐴 𝜼𝐴

0.0 40.0 0.00

0.1 40.4 0.40

0.2 40.6 0.57

0.3 40.0 0.69

0.4 38.7 0.78

0.5 36.0 0.83

0.6 32.0 0.83

0.7 25.6 0.75

0.8 16.0 0.53

0.9 4.0 0.15

0.93 0.0 0.00

𝐷𝐵 = 450 mm

𝑛𝐵 = 20
giri

s
= 1200

giri

min

•

•



𝐷𝐴 = 600 mm

𝑛𝐴 = 12.5
giri

s
= 750

giri

min

𝑸𝐴 𝑯𝐴 𝜼𝐴

0.0 40.0 0.00

0.1 40.4 0.40

0.2 40.6 0.57

0.3 40.0 0.69

0.4 38.7 0.78

0.5 36.0 0.83

0.6 32.0 0.83

0.7 25.6 0.75

0.8 16.0 0.53

0.9 4.0 0.15

0.93 0.0 0.00

𝑄𝐴
𝑄𝐵

=
𝑛𝐴
𝑛𝐵

𝐷𝐴
𝐷𝐵

3

𝑙𝐴
𝑙𝐵
=
𝑔𝐻𝐴
𝑔𝐻𝐵

=
𝐻𝐴
𝐻𝐵

=
𝑛𝐴
𝑛𝐵

2
𝐷𝐴
𝐷𝐵

2

𝐷𝐵 = 450 mm

𝑛𝐵 = 20
giri

s
= 1200

giri

min

𝑸𝑩 𝑯𝑩 𝜼𝑩

0.0 57.6 0.00

0.07 58.2 0.40

0.135 58.5 0.57

0.20 57.6 0.69

0.27 55.7 0.78

0.34 51.8 0.83

0.405 46.1 0.83

0.47 36.9 0.75

0.54 23.0 0.53

0.61 5.8 0.15

0.63 0.0 0.00



𝜑 =
𝑄

𝑛𝐷3

𝜓 =
𝑙

𝑛2𝐷2
=

𝑔𝐻

𝑛2𝐷2

𝜑𝐴 = 𝜑𝐵 𝜑𝐴 =
𝑄𝐴

𝑛𝐴𝐷𝐴
3 𝜑𝐵 =

𝑄𝐵

𝑛𝐵𝐷𝐵
3

𝜓𝐴 = 𝜓𝐵 𝜓𝐴 =
𝑔𝐻𝐴

𝑛𝐴2𝐷𝐴
2 𝜓𝐵 =

𝑔𝐻𝐵

𝑛𝐵2𝐷𝐵
2

𝜑 𝜓 𝜼

0.0 6.96 0.00

0.037 7.03 0.40

0.074 7.06 0.57

0.111 6.96 0.69

0.148 6.73 0.78

0.185 6.26 0.83

0.222 5.57 0.83

0.259 4.45 0.75

0.296 2.78 0.53

0.333 0.70 0.15

0.344 0.0 0.00



𝑓 𝐷𝑖 , 𝐿𝑗 , ሶ𝑚, 𝜔, 𝑙, 𝜇, 𝑎01, 𝜌01 = 0

𝐷𝑖 𝐿𝑗

ሶ𝑚 𝜔 𝑙

𝜇 𝑎01 𝜌01



𝚷

𝑛 𝑚
𝑛 − 𝑚

𝜋

𝐹 𝑥1, 𝑥2, … 𝑥𝑛 = 0

Φ 𝜋1, 𝜋2, … 𝜋𝑛−𝑚 = 0



𝑀 𝐿 𝑇

𝐷 𝜔
𝜌01

𝚷



𝜋𝐷𝑖 = 𝐷𝑥𝜔𝑦𝜌01
𝑧 𝐷𝑖

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝐿
𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧+1𝑇−𝑦𝑀𝑧

ቐ
𝐿: 𝑥 − 3𝑧 + 1 = 0
𝑇:−𝑦 = 0
𝑀: 𝑧 = 0

ቐ
𝑥 = −1
𝑦 = 0
𝑧 = 0

𝜋𝐷𝑖 =
𝐷𝑖
𝐷



𝜋𝑙𝑗 = 𝐷𝑥𝜔𝑦𝜌01
𝑧 𝐿𝑗

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝐿
𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧+1𝑇−𝑦𝑀𝑧

ቐ
𝐿: 𝑥 − 3𝑧 + 1 = 0
𝑇:−𝑦 = 0
𝑀: 𝑧 = 0

ቐ
𝑥 = −1
𝑦 = 0
𝑧 = 0

𝜋𝑙𝑗 =
𝐿𝑗

𝐷



𝜑 = 𝐷𝑥𝜔𝑦𝜌01
𝑧 ሶ𝑚

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝑀𝑇−1

𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧𝑇−𝑦−1𝑀𝑧+1

ቐ
𝐿: 𝑥 − 3𝑧 = 0
𝑇:−𝑦 − 1 = 0
𝑀: 𝑧 + 1 = 0

ቐ
𝑥 = −3
𝑦 = −1
𝑧 = −1

𝜑 =
ሶ𝑚

𝜌01𝜔𝐷
3



𝜓 = 𝐷𝑥𝜔𝑦𝜌01
𝑧 𝑙

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝐿2𝑇−2

𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧+2𝑇−𝑦−2𝑀𝑧

ቐ
𝐿: 𝑥 − 3𝑧 + 2 = 0
𝑇:−𝑦 − 2 = 0
𝑀: 𝑧 = 0

ቐ
𝑥 = −2
𝑦 = −2
𝑧 = 0

𝜓 =
𝑙

𝜔2𝐷2



1

𝑅𝑒
= 𝐷𝑥𝜔𝑦𝜌01

𝑧 𝜇

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝑀𝐿−1𝑇−1

𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧−1𝑇−𝑦−1𝑀𝑧+1

ቐ
𝐿: 𝑥 − 3𝑧 − 1 = 0
𝑇:−𝑦 − 1 = 0
𝑀: 𝑧 + 1 = 0

ቐ
𝑥 = −2
𝑦 = −1
𝑧 = −1

𝑅𝑒 =
𝜌01𝜔𝐷

2

𝜇



1

𝑀𝑎
= 𝐷𝑥𝜔𝑦𝜌01

𝑧 𝑎01

𝐿0𝑇0𝑀0 = 𝐿𝑥𝑇−𝑦 𝑀𝐿−3 𝑧 𝐿𝑇−1

𝐿0𝑇0𝑀0 = 𝐿𝑥−3𝑧+1𝑇−𝑦−1𝑀𝑧

ቐ
𝐿: 𝑥 − 3𝑧 + 1 = 0
𝑇:−𝑦 − 1 = 0
𝑀: 𝑧 = 0

ቐ
𝑥 = −1
𝑦 = −1
𝑧 = 0

𝑀𝑎 =
𝜔𝐷

𝑎01



Φ 𝜋𝐷𝑖 , 𝜋𝑙𝑗 , 𝜑, 𝜓, 𝑅𝑒,𝑀𝑎 = 0

𝜋𝐷𝑖 , 𝜋𝑙𝑗
𝑅𝑒

𝜓 = Φ 𝜑,𝑀𝑎



𝜓 = Φ 𝜑

𝜑 𝜓

𝜑 =
𝑄

𝑛𝐷3
∝
𝑐𝑚
𝑢

𝜓 =
𝑙𝑖

𝑛2𝐷2
∝
𝑐𝑢
𝑢

𝑄 ∝ 𝑛𝐷3

𝑙𝑖 ∝ 𝑛2𝐷2

𝑃 ∝ 𝜌𝑛3𝐷5



𝜑 𝜓

Punti di funzionamento corrispondenti𝜑𝐴 = 𝜑𝐵 𝜑𝐴 =
𝑄𝐴

𝑛𝐴𝐷𝐴
3 𝜑𝐵 =

𝑄𝐵

𝑛𝐵𝐷𝐵
3

𝜓𝐴 = 𝜓𝐵 𝜓𝐴 =
𝑔𝐻𝐴

𝑛𝐴
2𝐷𝐴

2 𝜓𝐵 =
𝑔𝐻𝐵

𝑛𝐵
2𝐷𝐵

2

𝐷𝐴 = 𝐷𝐵 →
𝑄𝐴

𝑄𝐵
=

𝑛𝐴

𝑛𝐵

𝐷𝐴

𝐷𝐵

3
,  
𝐻𝐴

𝐻𝐵
=

𝑛𝐴

𝑛𝐵

2 𝐷𝐴

𝐷𝐵

2
→

𝐻𝐴

𝐻𝐵
=

𝑄𝐴

𝑄𝐵

2

𝐷𝐴 ≠ 𝐷𝐵 → 𝑆𝐵 = 𝑆𝐴
𝐷𝐵

𝐷𝐴

2
, 𝑢𝐵 = 𝑢𝐴

𝑛𝐵

𝑛𝐴

𝐷𝐵

𝐷𝐴

𝑄 = 𝑐𝑚𝑆 →
𝑐𝑚𝐴

𝑆𝐴

𝑛𝐴𝐷𝐴
3 =

𝑐𝑚𝐵
𝑆𝐵

𝑛𝐵𝐷𝐵
3 → 𝑐𝑚𝐵

= 𝑐𝑚𝐴

𝑛𝐵𝐷𝐵
3

𝑛𝐴𝐷𝐴
3

𝑆𝐴
𝑆𝐵

→ 𝑐𝑚𝐵
= 𝑐𝑚𝐴

𝑛𝐵𝐷𝐵
3

𝑛𝐴𝐷𝐴
3

𝐷𝐴
𝐷𝐵

2

= 𝑐𝑚𝐴

𝑛𝐵
𝑛𝐴

𝐷𝐵
𝐷𝐴

→ 𝑐𝑚𝐵
= 𝑐𝑚𝐴

𝑢𝐵
𝑢𝐴



𝜔𝑠 = 𝜔
𝑄

𝐿 Τ3 4
= 𝜔

𝑄

𝑔𝐻 Τ3 4

𝐷𝑠 = 𝐷
𝐿 Τ1 4

𝑄
= 𝐷

𝑔𝐻 Τ1 4

𝑄

𝜔𝑠 𝐷𝑠



𝑛 = 12.5 Τ𝑔𝑖𝑟𝑖 𝑠 𝐷 = 0.6 𝑚

𝑄 = 0.55 Τm3 s 𝐻
= 34 m

𝜔𝑠 = 2𝜋𝑛
𝑄

𝑔𝐻 0.75
= 0.75

𝐷𝑠 = 𝐷
𝑔𝐻 0.25

𝑄
= 3.5



𝜔𝑠 = 0.75
𝐷𝑠 = 3.5

𝜂𝑦,𝑚𝑎𝑥 > 0.9



𝐷𝐴 = 600 mm

𝑛𝐴 = 12.5
giri

s
= 750

giri

min

𝑸𝐴 𝑯𝐴 𝜼𝐴

0.0 40.0 0.00

0.1 40.4 0.40

0.2 40.6 0.57

0.3 40.0 0.69

0.4 38.7 0.78

0.5 36.0 0.83

0.6 32.0 0.83

0.7 25.6 0.75

0.8 16.0 0.53

0.9 4.0 0.15

0.93 0.0 0.00



𝑄 = 0.3 Τm3 s
𝐻 = 40 m 𝜂𝑦 = 0.69

𝜔𝑠 = 2𝜋𝑛
𝑄

𝑔𝐻 0.75
= 0.5

𝐷𝑠 = 𝐷
𝑔𝐻 0.25

𝑄
= 4.9 ≈ 5

𝜂𝑦 ≈ 0.85



lenta (flusso radiale) media (flusso radiale) veloce (flusso misto) ultraveloce (flusso assiale)

basse velocità di rotazione e/o
basse portate e/o lavoro massico
elevato

medie velocità di rotazione e/o
medie portate e/o lavoro massico
elevato

alte velocità di rotazione e/o
portate elevate e/o piccolo
lavoro massico

altissime velocità di rotazione e/o
altissime portate e/o piccolo
lavoro massico

𝜔 𝑠 = 0.2 ÷ 0.6 𝜔 𝑠 = 0.6 ÷ 1.2 𝜔 𝑠 = 1.0 ÷ 3.0 𝜔 𝑠 = 2.0 ÷ 10





o 𝜔 𝑠 = 0.2

o

o

o



𝜑

𝜓

𝑅𝑒

𝑀𝑎

𝜔𝑠 𝐷𝑠






