
花蓮縣第 66 屆國民中小學科學展覽會 

作品說明書 

 

 

 
（圖片來源：作者自攝） 

 

科  別：地球科學科 

組  別：國中A組 

作品名稱：流漣望翻！—溪流．水躍．翻滾流  

關 鍵 詞：水躍現象、翻滾流、福祿數 

 

編    號： 

 

 



2 

 

 

 

 

1.  ...................................................................................................................... 3 

2. ̡  .............................................................................................................. 3 

3. ̡  ......................................................................................... 5 

4. ̡  ......................................................................................... 6 

5. ̡  ................................................................................................... 14 

6. ̡  ............................................................................................................ 18 

7. ̡  ............................................................................................................ 18 

8. ̡  ........................................................................................ 19 

 

 

 

 

 

 

 

 

 

 



3 

 

 

  

̡ ESP32 F

r ̡ ̎E ̢

3 ̡5 ̡7 ̡ ̡

̢ 7

̢ 80.26%

̢ 

̡  

̡  

  2025 7 8 ̢ SUP

 ̢ ̢

̡

̢  

  

̢

̢

̢ 

 

̡  

( ) ̢ 

( ) Fr ̎E

̢ 

( ) Fr ̎E ̡ ̡

̢ 

( ) Fr ̎E

̢ 

 



4 

 

̡  

  Hydraulic Jump 2025

̡ ̡

̢ 

  2000

2014

̢

A ̢ 

  2021 ̡ ̢

B ̢ 

  2019 ̡

̢

̢ ̡

̢

̡

C ̢ ̡ ʁʁ

̢ 

  



5 

 

̡  

̡  

  ̡200cm ̡ 4200 ̡

8000 ̡ ̡ ̡ ̡AI

-Thinker ESP32 ̡ ̡ ̡BB ̡ ̡

̡ ̡ ̡ ̡ ̢ ̢ 

2-1.  

     

A.  
B.200cm

( ) 

C. 4200L/h 

 

D. 8000 L/h 

 
E.  

     

F.  
G. 

 

H. AI-Thinker 

ESP32  
I.  J.  

  

  

 

K.BB  L.  M.  N.  O.  

  

   

P.  Q.     

2-1  



6 

 

̡  

Arduino̡ Visual Studio CodeTinkercad̢ ̢ 

2-2.  

   

R. Arduino 

 
S. VS Code 

 

T. Tinkercad 

 

 

̡  

̡  

( )  

  Froude number Fr

Inertial Force Gravitational Force

̢

̢ 

( )  

   Fr = 1  Specific Energy

̢ 

( )  

   Fr > 1  

̢ 

( )  

   Fr < 1  

̢ 

( )  

  

̢



7 

 

̢

̢ 

( )   

    

̡ ̢ 

( )  

  

hϛ hϜ

̢  hϛ  hϜ

̢hϛ ̡  hϜ 

̢ 

( )  

  Submerged Ratio S hϜ

hϜ ̢S 1

̢ S 1 ̢ 

   hϜ  hϛ 

̢ 

  hϜ hϛ

Submerged Hydraulic Jump̢

̢

̢ 

( )  

  

̡ ̢

̡

̢

̡

̡ ̢ ̡



8 

 

̡

̢ 

̡ ̢ 

 

3-1̡  

̡  

( )  

  ̡

̢

̢ ̡ ̡ ̡ ̢

A 5 5-1 1

4-1̢  

3-1.  

A.  
3-1 3-5 

3  

5-1 5-5 

5  

7-1 7-5 

7  

B.  
 

1~5 
 

 

1~5 
 

 

1~5 
 

C.  
 

1~5 
 

 



9 

 

( )  

 

1.  

2.  

3.  

4.  

5. ̢ 

 

1.  

2.  

3.  

̡  

( )  

150 30 20 ̡

1 3-2 ̢ 

10 3-2 ̢

10 ̢ 

 
3-2̡  

( )  

3-3

3-4 ̢ 



10 

 

  

3-3̡  

Gemini  

3-4̡  

 

  ̪ ̫ ̢ 100c

m 100cm 1cm 28cm 28cm 9

0.5 27

3-5 ̢ 

 
3-5̡  

( )  

  Visual Studio CodeVS Code

AI-Thinker ESP32

̡ ̢

20 Tinkercad

3D ̢ 

  
3-6̡ AI-Thinker ESP32  

 

3-7̡  

 



11 

 

  
3-8̡  

 

3-9̡  

 

( )  

  ̡ ̡

̢

̪ ̫ ̢ Loess ̡

̪ ̫

̡ 10% 50%̡ ds 0.1mm

50% ds 2.0mm 10%

̢ 

̡  

( )  

1. VS Code ̢ 

2. Play ̢ 

3. USB ̢ 

4. ̢ 

5. ̪ ̢̫ 

6. 3 ̪ ̢̫ 

7. ̪ csv.̫  .csv Google

̢ 



12 

 

 
3-10̡  

( ) A̡ ɷ  

3 ̡5 7 ̢ 

 

1. 

̢3 ̡5 ̡7

̢ 

2. 9 60 ̢ 

3. ̢ 

4. BB

̢ ̢ 

5. ̢ 

( ) B̡ ɷ  

̢ 

 

1. A

̢ 

2. 9 60 ̢ 

3. ̢ 

4. ̢ 

5. BB

̢ ̢ 



13 

 

6. ̢ 

( ) C̡ ɷ  

̢ 

 

1. A

̢ 

2. 9 60 ̢ 

3. 30 10 10 ̢ 

4. ̢ 

5. BB

̢ ̢ 

6. ̢ 

̡  

  

̡ ̢ 

( )  

Ὂὶ
ό

Ὣὒ
 Ὂὶ

ό

Ὣώ
 

L

L h ̢ u g

Ὣώ ̢ 

( )  

ῳὉ

Ὁ1
 100 ῳὉ  Ὁ1  Ὁ2 

̢ 

( ) hϜ  

̢ 



14 

 

Ὤ2

Ὤ1  1  1  8Ὂὶ
1

2

2
 

( )  

̢ 

Ὓ
Ὤ2

Ὤ1

 

̡  

̡ A̡  

4-1. 3  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

3-1 7.9850 0.4388 8.0131 50.0815 18.9477 0.0222 3.4252 

3-2 7.9840 0.4392 8.0141 50.0878 18.9380 0.0222 3.4231 

3-3 7.9860 0.4408 8.0120 50.0752 18.9026 0.0223 3.4177 

3-4 7.9840 0.4407 8.0140 50.0877 18.9034 0.0223 3.4170 

3-5 7.9750 0.4408 8.0230 50.1439 18.9017 0.0223 3.4128 

 0.0044 0.0010 0.0044 0.0277 0.0223 0.0001 0.0026 

 7.9828 0.4401 8.0152 50.0952 18.9170 0.0223 3.4192 

 

4-2. 5  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

5-1 4.0270 0.4478 8.9631 68.9471 16.0241 0.0713 1.8084 

5-2 3.7017 0.4436 9.2870 69.4381 16.1004 0.0797 1.6696 

5-3 3.9970 0.4408 8.9925 69.1731 16.1521 0.0740 1.8083 

5-4 4.0440 0.4388 8.9497 68.8434 16.1880 0.0730 1.8321 

5-5 4.0841 0.4414 8.9060 68.5076 16.1400 0.0713 1.8465 

 0.1537 0.0034 0.1527 0.3500 0.0625 0.0035 0.0084 

 3.9708 0.4425 9.0197 68.9819 16.1209 0.0739 1.7930 



15 

 

 

4-3. 7  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

7-1 3.3343 0.4251 9.6411 72.1627 16.4548 0.0945 1.5409 

7-2 3.7768 0.4341 9.1967 70.7437 16.2842 0.0774 1.7293 

7-3 3.7427 0.4432 9.2403 71.0788 16.1075 0.0814 1.6913 

7-4 3.7477 0.4471 9.2248 70.9599 16.0362 0.0819 1.6906 

7-5 3.7327 0.4505 9.2330 71.0227 15.9740 0.0798 1.6811 

 0.1866 0.0103 0.1874 0.5565 0.1964 0.0067 0.4113 

 3.6668 0.4400 9.3072 71.1936 16.1713 0.0830 1.6666 

 

 
4-1̡  

 



16 

 

 
4-2̡  

 

 
4-3̡  

  5 ̢

̢ 7 5 3

̢

̢

̢

1 ̢ 

  7 ̢ B C

̢ 



17 

 

̡ B̡  

4-4.  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

-1 4.7528 0.4416 8.2347 60.3436 16.1380 0.0582 2.1510 

-2 4.9660 0.4420 8.0279 61.7531 16.1297 0.0502 2.2439 

-3 4.8517 0.4422 8.1412 60.6242 16.1266 0.0548 2.1920 

-4 4.8959 0.4430 8.0970 62.2848 16.1111 0.0542 2.2098 

-5 5.1041 0.0490 7.8847 60.6515 16.1186 0.0490 2.3074 

 0.1314 0.0005 0.1311 0.8404 0.0103 0.0037 0.0013 

 4.9141 0.4423 8.0771 61.1314 16.1248 0.0533 2.2208 

 

4-5.  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

-1 2.5355 0.4455 10.4273 80.2100 16.0659 0.1570 1.1448 

-2 2.4905 0.4453 10.4601 80.4621 16.0702 0.1667 1.1292 

-3 2.5506 0.4459 10.4199 80.1529 16.0593 0.1569 1.1476 

-4 2.5365 0.4456 10.4331 80.2547 16.0634 0.1600 1.1414 

-5 2.5405 0.4464 10.4293 80.2255 16.0502 0.1590 1.1425 

 0.0233 0.0004 0.0154 0.1184 0.0076 0.0040 0.0010 

 2.5307 0.4457 10.4339 80.2610 16.0618 0.1599 1.1411 

 

 

 

 

 



18 

 

4-6.  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 

 

 

 

 
 

-1 3.9760 0.4023 9.0169 69.3612 16.9186 0.0597 1.8811 

-2 3.9219 0.3794 9.0711 69.7775 17.4265 0.0598 1.9091 

-3 3.7998 0.4458 9.1896 70.6887 16.0586 0.0751 1.7096 

-4 3.8008 0.4466 9.1888 70.6826 16.0455 0.0745 1.7089 

-5 3.8128 0.4470 9.1764 70.5872 16.0373 0.0757 1.7133 

 0.0816 0.0315 0.0797 0.6127 0.6421 0.0084 2.1820 

 3.8623 0.4242 9.1285 70.2194 16.4973 0.0690 1.7844 

 

 
4-4̡  

 

 
4-5̡  



19 

 

 

 
4-6̡  

  7

7

̢

̢ 

̡ C̡  

5-7.  

 

 
 

(L) 

E̡ 

(cm) 

 

(%) 
1 2  

1 4.9965 0.4109 7.9989 61.5301 16.7356 0.0428 2.1363 

2 5.0671 0.4118 7.9284 60.9881 16.7172 0.0422 2.1385 

3 4.9980 0.4131 7.9973 61.5178 16.6922 0.0435 2.1417 

4 4.9890 0.4164 8.0062 61.5864 16.6232 0.0439 2.1502 

5 4.9760 0.4168 8.0191 61.6854 16.6153 0.0446 2.1512 

 0.0356 0.0027 0.0355 0.2728 0.0547 0.0009 0.0068 

 5.0053 0.4138 7.9900 61.4616 16.6767 0.0434 2.1436 

 



20 

 

  

̢

̢ 

̡  

̢ 

̡ 

3 ̡5 7 ̢

0.2 ̡

̢

̪ ̫ ̢ 

̡   5 7

5 5

7 5-1 ̢ 

 
5-1̡  

  B̡C 7

̢ 

̡   ̢



21 

 

̢

̢ 

̡  

̢ 

̡ 7

̢ 

̡ 

̢

̢ 

̡

̢

̢ 

̡  

̡ (2011) ̢ ̨ ̩https://twsf.ntsec.gov.tw/activity/race-1/52/pdf/040101.pdf 

̡ (2021)̢ ̨ ̪ ̫ ̩ 

https://twsf.ntsec.gov.tw/activity/race-1/62/pdf/NPHSF2022-080504.pdf?0.7951011080 

̡ (2019)̢ ̨ ̩ 
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https://zh.wikipedia.org/zh-tw/%E7%A6%8F%E7%A5%BF%E6%95%B8 

̡ Wikipedia̢ ̨ ̩ 

https://zh.wikipedia.org/zh-tw/%E8%80%97%E6%95%A3 

̡ ̢̦ ̧̢ 

https://www.wra.gov.tw/NewsRiverNoun_Content.aspx?n=25142&s=2798 

̡ ̢̦ ̧̢ 

https://www.wra.gov.tw/NewsRiverNoun_Content.aspx?n=25142&s=2797 
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https://www.wra.gov.tw/NewsRiverNoun_Content.aspx?n=25142&s=2799 
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̡ Gupta  S. K.  & Dwivedi  V. K. (2025). Experimental evaluation of hydraulic jump charac
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1843-1860. 
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ugh beds: a comparative study of ANN and GEP models. Journal of Umm Al-Qura University fo

r Engineering and Architecture 16(1)  111-133. 

̡ Zhang  H.  Zhang  N.  Liu  X.  Wang  H.  & Bai  R. (2025). Turbulent charact

eristics of free surface and velocity transition from free hydraulic jump to open-channel flow. Ph

ysics of Fluids  37(9). 

̡ Hu  J.  & Chanson  H. (2025). Characterisation of free-surface turbulence in hydrau

lic jump roller at low inflow Froude number. Flow Measurement and Instrumentation 103107. 

̡ Arduino https://www.arduino.cc/en/software/ 
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̡ Visual Studio Code https://code.visualstudio.com/ 
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