
ACTUATOR DESIGN FOR A 
VISCOUS IMPELLER PUMP TO 

POWER THE FONTAN 
CIRCULATION 
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𝐹 = NBgLst𝑖 (3.1)

- 𝐹𝐿

- 𝑁



- 𝐵𝑔

- 𝐿𝑠𝑡

- 𝑖𝑖𝑛

 

|𝜏| = 2𝑁𝑚NBgLstRro𝑖 (3.2)

- 𝜏 
- 𝑅𝑟𝑜

- 𝑁𝑚

𝐵𝑔 =
4𝐵𝑟𝑅𝑚𝑅𝑙

[
2𝑅𝑙𝑅𝑠𝛿
𝜇0𝑆𝑎𝑔

+ (𝑅𝑟 + 2𝑅𝑚) ∙ (
2𝛿

𝜇0𝑆𝑎𝑔
+ 𝑅𝑠𝑅𝑙)]

 (3.3)

- 𝐵𝑔

- 𝐵𝑟

- 𝑅𝑚 𝐻−1

- 𝑅𝑙 𝐻−1

- 𝑅𝑠 𝐻−1

- 𝛿

- 𝜇0 𝑁/𝐴2  
- 𝑆𝑎𝑔

- 𝑅𝑟 𝐻−1

𝑅𝑚 𝑅𝑠 𝑅𝑟 , 

𝑅𝑚 =
ℎ𝑚

𝜇0𝜇𝑟𝑆𝑚

 (3.4)

- ℎ𝑚

- 𝜇𝑟 𝑁/𝐴2

- Sm  

𝑅𝑠 = 𝑅𝑟 =  0.01 𝑅𝑔(3.5)

- 𝑅𝑔 𝐻−1



𝑅𝑔 =
𝛿

𝜇0𝑆𝑎𝑔

 (3.6)

𝑅𝑠 = 𝑅𝑟 =
0.01𝛿

𝜇0𝑆𝑎𝑔

 (3.7)

𝑅𝑙

𝐵𝑔 =
4𝐵𝑟

ℎ𝑚

𝜇0𝜇𝑟𝑆𝑚

[
2𝛿

𝜇0𝑆𝑎𝑔
∙

0.01𝛿
𝜇0𝑆𝑎𝑔

+ (
0.01𝛿
𝜇0𝑆𝑎𝑔

+ 2
ℎ𝑚

𝜇0𝜇𝑟𝑆𝑚
) ∙ (

2𝛿
𝜇0𝑆𝑎𝑔

+
0.01𝛿
𝜇0𝑆𝑎𝑔

)]
 (3.8)

𝐵𝑔 =

4𝐵𝑟ℎ𝑚

𝜇𝑟𝑆𝑚

[
0.0401𝛿2

𝜇0𝑆𝑎𝑔
2 +

4.02𝛿
𝜇0𝜇𝑟𝑆𝑚𝑆𝑎𝑔

]
 (3.9)

 𝑆𝑎𝑔

Sm c

 

𝑆𝑎𝑔

𝑆𝑎𝑔 = (𝜋 ∗ 𝑅𝑟𝑜 + 𝛿) ∗ (𝐿𝑠𝑡 + 𝛿) (3.10)

𝑆𝑚

𝑆𝑚 = 𝜋 ∗ 𝑅𝑟𝑜 ∗ 𝐿𝑠𝑡(3.11)

𝐵𝑔 =

4𝐵𝑟ℎ𝑚

𝜇𝑟𝜋𝑅𝑟𝑜𝐿𝑠𝑡

[
0.0401𝛿2

𝜇0((𝜋𝑅𝑟𝑜 + 𝛿)(𝐿𝑠𝑡 + 𝛿))2 +
4.02𝛿

𝜇0𝜇𝑟𝜋𝑅𝑟𝑜𝐿𝑠𝑡((𝜋𝑅𝑟𝑜 + 𝛿)(𝐿𝑠𝑡 + 𝛿))
]

 (3.12)

|𝜏| =
8𝑁LstRro𝑖

𝐵𝑟ℎ𝑚

𝜇𝑟𝜋𝑅𝑟𝑜𝐿𝑠𝑡

[
0.0401𝛿2

𝜇0((𝜋𝑅𝑟𝑜 + 𝛿)(𝐿𝑠𝑡 + 𝛿))2 +
4.02𝛿

𝜇0𝜇𝑟𝜋𝑅𝑟𝑜𝐿𝑠𝑡((𝜋𝑅𝑟𝑜 + 𝛿)(𝐿𝑠𝑡 + 𝛿))
]

 (3.13)



- 

𝐿𝑠𝑡 m 

𝑅𝑟𝑜 m 

A 

𝐵𝑟 T 

hm m 

𝜇𝑟 - 

𝛿 m 

𝜇0 𝑁/𝑚 
1.257 × 10−6 1.257 × 10−6

𝜏 μNm 

𝜏 μNm 

𝜏 μNm



𝜏 = 𝑘𝐷2𝐿𝑠𝑡  (3.14)

- 𝜏

- 𝑘

- 𝐷

𝑅𝑟𝑜

 



𝜏

𝑐𝐹 ∗ 𝜋 ∗ 𝑅3
= 𝑥𝐴 ∗ √1 − 𝑥𝑆𝐴𝑀𝐴 (3.15)

• 𝑐𝑓

• 𝑅𝑎𝑜  

• 𝑥𝑆𝐴𝑀𝐴 

𝜏

𝑐𝐹 ∗ 𝜋 ∗ 𝑅3
= √𝑥𝑆𝐴𝑀𝐴

3  (3.16)

𝑥𝑟

𝑐𝑤 , 𝑥𝑟 ,









𝑃𝑙𝑤 = 𝑖𝑖𝑛
2 ∗ 𝑅𝑤𝑖𝑟𝑒  (3.17)

- 𝑃𝑙𝑤

- 𝑖𝑖𝑛

- 𝑅𝑤𝑖𝑟𝑒 Ω] 

𝑅𝑤𝑖𝑟𝑒 =
𝜌𝑤𝑖𝑟𝑒 ∗ 𝑙𝑤𝑖𝑟𝑒

𝐴𝑤𝑖𝑟𝑒

 (3.18) 

- 𝑅𝑤𝑖𝑟𝑒 Ω

- 𝜌𝑤𝑖𝑟𝑒 Ωm

- 𝑙𝑤𝑖𝑟𝑒

- 𝐴𝑤𝑖𝑟𝑒 m2

Δ𝑇𝑖𝑛𝑟𝑢𝑛𝑛𝑒𝑟 = 𝑖𝑤
2 ∗ 𝑅𝑚𝑤 ∗ (𝑅𝑡ℎ𝑤𝑖𝑛 + 𝑅𝑡ℎ𝑐𝑎𝑠𝑒) (3.19)

- Δ𝑇𝑖𝑛𝑟𝑢𝑛𝑛𝑒𝑟   
- 𝑖𝑤

- 𝑅𝑚𝑤 Ω
- 𝑅𝑡ℎ𝑤𝑖𝑛

- 𝑅𝑡ℎ𝑐𝑎𝑠𝑒

Δ𝑇𝑜𝑢𝑡𝑟𝑢𝑛𝑛𝑒𝑟  = 𝑖𝑤
2 ∗ 𝑅𝑚𝑤 ∗ (𝑅𝑡ℎ1 + 𝑅𝑡ℎ2 + 𝑅𝑡ℎ3 + 𝑅𝑡ℎ4 + 𝑅𝑡ℎ𝑜𝑢𝑡) (3.20)

- Δ𝑇𝑜𝑢𝑡𝑟𝑢𝑛𝑛𝑒𝑟  
- 𝑅𝑡ℎ1

- 𝑅𝑡ℎ2

- 𝑅𝑡ℎ3

- 𝑅𝑡ℎ4

- 𝑅𝑡ℎ𝑜𝑢𝑡

Δ𝑇𝑉𝐼𝑃𝑎𝑐𝑢𝑎𝑡𝑜𝑟 = 𝑖𝑤
2 ∗ 𝑅𝑚𝑤 ∗ (𝑅𝑡ℎ1 + 𝑅𝑡ℎ2 + 𝑅𝑡ℎ3 + 𝑅𝑡ℎ4 + 𝑅𝑡ℎ𝑜𝑢𝑡) (3.21)

- Δ𝑇𝑎𝑐𝑢𝑎𝑡𝑜𝑟  

- 𝑅𝑡ℎ𝑜𝑢𝑡



𝑅𝑡ℎ =
𝐿

𝑘𝐴
 (3.22)

- 𝑅𝑡ℎ

- 𝐿𝑝𝑙𝑎𝑛𝑒

- 𝑘 
- 𝐴𝑝𝑙𝑎𝑛𝑒  𝑚2 

𝑅𝑡ℎ =
1

ℎℎ𝑒𝑎𝑡𝐴
 (3.23)

- 𝑅𝑡ℎ

- ℎℎ𝑒𝑎𝑡 𝑚2

𝑣 =
𝑄𝐿𝑚𝑖𝑛

𝐴𝑣𝑒𝑠𝑠𝑒𝑙

(3.24)

 𝑣

 𝑄𝐿𝑚𝑖𝑛 𝑚3/𝑠

 𝐴𝑣𝑒𝑠𝑠𝑒𝑙 𝑚2

𝑃𝑚𝑒𝑐ℎ𝑙𝑜𝑠𝑠 = 𝑃𝑤𝑖𝑛𝑑 + 𝑃𝑓𝑟 ≈ 2𝑅𝑟𝑜
3 𝐿𝑠𝑡𝑟𝜔(𝑅𝑃𝑀)

3 × 10−6 +  
3

2
𝑛𝑟𝑚𝑟𝑜𝑡𝜔(𝑅𝑃𝑀)10−3(3.25)

- 𝑃𝑚𝑒𝑐ℎ𝑙𝑜𝑠𝑠

- 𝑃𝑤𝑖𝑛𝑑  

- 𝑃𝑓𝑟  



- 𝑛𝑟

- 𝑚𝑟𝑜𝑡  

𝜂ℎ =
𝑃ℎ

𝑃𝑒𝑙

∗ 100% =
𝑄 ∗ 𝛥𝑝 ∗

133.32
60,000

𝑖𝑖𝑛 ∗ 𝑉
 ∗ 100% (3.26)

- 𝜂ℎ

- 𝑃ℎ

- 𝑃𝑒𝑙

- 𝑄𝐿𝑚𝑖𝑛

- 𝛥𝑝

- 
133.32

60,000

- 𝑖𝑖𝑛



- 𝑉𝑖𝑛

𝑃ℎ = 𝜏𝜔(SI)   → 𝜏 =
𝑃ℎ

𝜔(SI)

(3.27)

- 𝑃ℎ

- 𝜏

- 𝜔(SI)

𝑃𝑚(𝑡) = 𝑖𝑚(𝑡) ∗ 𝜔 ∗ 𝐾𝜏 ∗
2 ∗ 𝜋

60
(3.28)

- 𝑃𝑚(𝑡)

- 𝑖𝑚

- 𝜔 

- 𝐾𝜏

- 
2∗𝜋

60

 



 𝑝𝑇𝐶𝑃𝐶 = 0 𝑡𝑜 2000 𝑃𝑎

 𝜔(SI) = 523.6 𝑟𝑎𝑑/𝑠𝑒𝑐,

𝑟𝑎𝑑/𝑠𝑒𝑐

 𝑄 = 7.33 × 10−5 𝑚3/𝑠
 

𝑃ℎ 𝜏



- 𝑄𝐿𝑚𝑖𝑛

- Δ𝑝

- 𝜔(𝑅𝑃𝑀) 

- 𝐼𝑖𝑛  

- 𝐾𝜏  
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𝐴𝑤𝑖𝑛 =
𝜋 ∗ 𝐷𝑤𝑖𝑟

2

4
∗ 𝑁 (5.1)

- 𝐴𝑤𝑖𝑛

- 𝐷𝑤𝑖𝑟

7.6𝑚𝑚2

. 



𝛿

𝐿𝑠𝑡

𝐷𝑎𝑜

𝑆𝑟𝑜

𝑆𝑟𝑖

𝑁𝑠

𝑌𝐵𝑡

𝑆𝑂

𝐶𝐵

𝑅𝑟𝑜

𝑅𝑟𝑖

𝑁𝑚

𝐼𝑃

ℎ𝑚

𝑁

𝐷𝑤𝑖𝑟



 



𝑖

𝑁

𝐿𝑠𝑡

𝑅𝑜𝑑

𝑅𝑖𝑑

ℎ𝑚
𝑵

𝑨𝟐
𝜇0 1.257 × 10−6

𝛿

𝐵𝑟
𝑵

𝑨𝟐
𝜇𝑟

𝜏𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

𝜏𝑐𝑜𝑟𝑟

3.14 × 10−4 𝑚2



7.33 × 10−5𝑚3/𝑠

0.23 𝑚/𝑠

𝑚2

𝒎𝟐 𝑹𝒕𝒉

𝑹𝒕𝒉𝟏 0.1056 × 10−3 0.1136

𝑹𝒕𝒉𝟐 0.1451 × 10−3 32.15

𝑹𝒕𝒉𝟑 0.1056 × 10−3 0.2644

𝑹𝒕𝒉𝟒 0.1797 × 10−3 0.0107

𝑹𝒕𝒉𝒐𝒖𝒕 0.5401 × 10−3 16.3487 

lwire = 0.4972 m, 

𝐴𝑤𝑖𝑟𝑒 = 7.85 × 10−9 𝑚2. 𝜌𝑤𝑖𝑟𝑒= 1.7 × 10−8 𝛺𝑚,  

1.08 Ω

6 × 1.08 =  6.45Ω
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𝜌 =  1.283 𝑘𝑔/𝑚3 𝜌 =

 1.060 𝑘𝑔/𝑚3
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- 𝐴𝑣𝑒𝑠𝑠𝑒𝑙

- 𝐴𝑤𝑖𝑛

- 𝐴𝑝𝑙𝑎𝑡𝑒  𝑚𝑚2] 

- 𝐴𝑤𝑖𝑟𝑒 [𝑚2]

- 𝐵̂

- 𝐵𝑔  

- 𝐵𝑚𝑎𝑥  

- 𝐵𝑟

- 𝐵𝑟𝑜

- 𝐵𝑟𝑖

- 𝐵𝑠𝑡

- 𝑐𝑓

- 𝜂𝑒𝑙−𝑚

- 𝜂𝑖𝑚𝑝𝑒𝑙𝑙𝑒𝑟

- 𝜂ℎ

- 𝛿

- 𝐷𝑤𝑖𝑟

- 𝐷𝑎𝑜

- 𝐷𝑠ℎ

- 𝑓

- 𝐹

- 𝐹𝐿

- 𝑖𝑖𝑛

- 𝑖𝑚

- 𝑖𝑤

- 𝐻

- ℎℎ𝑒𝑎𝑡 𝑚2

- ℎ𝑚

- 𝑘𝑒

- 𝑘ℎ

- 𝐾𝑒 𝑉𝑠/𝑟𝑎𝑑

- 𝑘

- 𝐾𝜏 𝑁𝑚/𝐴

- 𝐾𝑣 (𝑅𝑃𝑀) 𝑅𝑃𝑀/𝑉

- 𝐾𝑣 (𝑆𝐼) 𝑅𝑎𝑑/𝑉𝑠

- 𝐿𝑠𝑡

- 𝐿𝑠𝑡𝑟

- 𝐿𝑝𝑙𝑎𝑡𝑒

- 𝑙𝑤𝑖𝑟𝑒

- 𝜇0 𝑁/𝐴2]

- 𝜇𝑟 𝑁/𝐴2]

- 𝑚𝑟𝑜𝑡

- 𝑁

- 𝑁𝑚

- 𝑁𝑠

- 𝑛𝑟

- 𝛥𝑝

- 𝑝𝑇𝐶𝑃𝐶

- 𝑃𝐶𝐿(𝐵𝐿𝐷𝐶)

- 𝑃𝐶𝐿(𝑃𝑀𝑆𝑀)

- 𝑃𝑒𝑙



- 𝑃𝑓𝑟

- 𝑃𝑙𝑤

- 𝑃𝑖𝑛𝑡

- 𝑃ℎ

- 𝑃ℎ𝑦𝑠

- 𝑃𝑚

- 𝑃𝑤𝑖𝑛𝑑  

- 𝑄ℎ𝑒𝑎𝑡

- 𝑄𝐿𝑚𝑖𝑛

- 𝑄(𝑆𝐼)

- 𝑅𝑎𝑜

- 𝑅𝑔 𝐻−1

- 𝑅𝑙 𝐻−1

- 𝑅𝑚 𝐻−1

- 𝑅𝑂𝑁 Ω

- 𝑅𝑂𝑉𝐼𝑃

- 𝑅𝑟 𝐻−1

- 𝑅𝑟𝑖

- 𝑅𝑟𝑜

- 𝑅𝑠 𝐻−1

- 𝑅𝑤𝑖𝑛 Ω

- 𝑅𝑤𝑖𝑟𝑒 Ω

- 𝑅𝑡ℎ  

- 𝑅𝑡ℎ1 

- 𝑅𝑡ℎ2

- 𝑅𝑡ℎ3

- 𝑅𝑡ℎ4

- 𝑅𝑡ℎ5

- 𝑅𝑡ℎ6

- 𝑅𝑡ℎ𝑡𝑜𝑡

- 𝜌𝑤𝑖𝑟𝑒 Ωm

- 𝜎ℎ

- 𝜎𝑚

- 𝑆𝑎𝑔

- 𝑆𝐺

- 𝑆ℎ𝑟𝑖

- 𝑆ℎ𝑟𝑜

- 𝑆ℎ𝑠𝑡

- Sm  

- 𝑆𝑟𝑖

- 𝑆𝑟𝑜

- 𝑇 K

- 𝑇𝑖𝑛

- 𝑇𝑜𝑢𝑡

- 𝑇𝑠𝑢𝑟𝑓𝑎𝑐𝑒

- 𝑇𝑓𝑙𝑢𝑖𝑑

- 

- 𝜏

- 𝜏𝑎𝑣𝑒

- 𝜏𝑖𝑚

- 𝜏𝑚𝑎𝑥

- 𝜏𝑚𝑖𝑛

- 𝜏ripple



- 𝜔(SI)

- 𝜔(𝑅𝑃𝑀)

- 𝑉𝑖𝑛

- 𝑣

- 𝑥𝑆𝐴𝑀𝐴
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