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I am a twelfth-grade student from Kaohsiung Municipal Kaohsiung 

Senior High School, and I’m thrilled to present my research on the 

curling and uncurling behavior of tracing paper when exposed to water. 

This study combines theoretical analysis and hands-on experiments, 

revealing that while Fick’s diffusion model effectively explains the 

uncurling phase under steady water content, it underestimates the 

dynamic changes in diffusivity during the initial curling stage. To 

address this, I applied Richards’ equation to capture capillary 

action within the paper’s porous structure, incorporating a finite 

difference approximation with Robin boundary conditions. By validating 

experimental data, I discovered key factors affecting curling behavior, 

including paper thickness, temperature, and salt concentration. I am 

deeply grateful to my teacher, Mr. Lu-Cheng Liang, for his unwavering 

guidance, and to my discussion partner, Jun-Yi Lin from Taipei 

Municipal Chien Kuo High School. I hope to inspire others to explore 

everyday phenomena through the lens of science. 
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Abstract 
This research presents a novel approach to understanding the curling and 

uncurling behavior of tracing paper when exposed to water, identifying 
limitations in traditional diffusion-based models like Fick’s second law. While 
Fick's model adequately represents the uncurling phase, where water content is 
stable, it falls short during the curling phase due to its inability to account for 
dynamic changes in diffusivity. Our study identifies capillary action, modeled 
through Richards' equation, as the primary mechanism in the curling phase, 
where diffusivity varies with water content due to capillary-driven water 
movement through the paper's porous structure. Experimental data align well 
with the Richards' equation model, highlighting a saturation point where 
curvature peaks, governed by evaporation's impact on moisture balance. 
 

To simulate this phenomenon, we developed a finite difference approximation 
scheme based on Richards' equation, discretizing the spatial domain for detailed 
control over moisture dynamics and incorporating the Robin boundary condition 
with virtual points. This approach, combined with evaporation considerations, 
produces simulation results consistent with observed data, emphasizing 
evaporation’s role in steady-state moisture gradients and the subsequent 
deformation mechanics. 
 

Our findings further reveal that factors like paper thickness, temperature, and 
salt concentration significantly influence curling behavior. We established linear 
correlations between peak time and thickness reciprocal, as well as between peak 
curvature and thickness squared, supporting theoretical models. Temperature 
affects both peak curvature and curling rate due to changes in viscosity and 
surface tension, and higher temperatures prevent full uncurling due to sustained 
evaporation effects. Increased salt concentration heightens peak curvature 
without altering expansion ratio, suggesting additional variables in play. 
 

這項研究指出傳統基於擴散模型的局限性。雖然費克模型能充分描述水分含
量穩定的展開階段，但在卷曲階段表現不足，因為它無法考慮擴散率的動態變化。
我們的研究確定了通過 Richards 方程式建模的毛細作用作為卷曲階段的主要
機制，在該階段，由於毛細驅動的水分通過紙張多孔結構的運動，擴散率隨水分
含量而變化。實驗數據與 Richards 方程模型高度吻合，突顯了一個飽和點，此
時曲率達到峰值，這由蒸發對濕度平衡的影響所決定。為了模擬這一現象，我們
開發了一種基於 Richards 方程的有限差分近似方案，對空間域進行離散化，
以詳細控制濕度動態，並結合虛擬點的 Robin 邊界條件。這種方法結合蒸發考
量，產生的模擬結果與觀察數據一致，強調了蒸發在穩態濕度梯度及隨後變形機
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理中的作用。我們的研究進一步發現，紙張厚度、溫度和鹽濃度等因素顯著影響
卷曲行為。 
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[10]  中華民國地 64 中小學科學展覽會高雄市科展作品：描圖紙沾溼捲曲行為機制探討 



 45 

 

 
  



 46 

 



 47 

 
 



 48 

 
 
  



 49 

 



 50 

 



 51 

 
 



【評語】160012  

這個工作想要找出一個更精確的理論來瞭解在水中紙張的卷曲

現象。它提出毛細作用會使水在紙張中的擴散隨水分含量而變化。

理論工作相當紮實且深入。報告也寫得很詳盡。建議加入一些討論

可以應用此方法的其他研究題材。 
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