𝑐 = √𝛾 𝜌𝑔 ⁄ 𝛾 √ ℎ𝑙 𝑐 3 ⁄ 𝜏 𝑦 > (𝜌𝑔) 3 4 ⁄ ℎ 1 2 ⁄ 𝛾 1 4 ⁄ 𝜏 𝑦 𝜆 𝑖 < 𝑟 1 √ 1 + 2𝜏 𝑦 /𝜌𝑔𝑟 1 𝜏 𝑐 𝜏 𝑐 𝜏 𝑐 𝜏 𝑐 𝜆 𝑖 𝑝𝑙𝑎𝑡𝑒 𝜆 𝑖 𝑝𝑙𝑎𝑡𝑒 ∝ 𝐿 1 1+𝑛 𝜆 𝑖 𝑝𝑙𝑎𝑡𝑒 𝜏 𝑐 𝜌𝑔 ⁄ 𝜆 𝑖 𝑝𝑙𝑎𝑡𝑒 𝜏 𝑐 𝜌𝑔 ⁄ 𝜆 𝑖 𝑝𝑙𝑎𝑡𝑒 𝜆 𝑖 𝛾 𝑐 𝜆 𝑜 𝛾 𝑐 (𝑟 2 -𝜆 𝑜 ) 𝑉 𝑑 𝛾 𝑐
Chapter 4

Blade-Coating of complex fluids 

cos(𝜃) 𝛾 𝐿𝐺 + 𝛾 𝑆𝐿 -𝛾 𝑆𝐺 𝐹 𝑓 𝐹 𝑏 𝜂𝑉 ℎ 0 2 η 𝜂𝑉 ℎ 0 2 ~ ∆𝑃 𝑙 ∆𝑃 𝐹 𝑏 ~ 𝐵𝑏 𝑅 𝑐 2 ∆𝑃~𝐹 𝑏 𝑙𝑏 ~𝐵 𝑅 𝑐 ²𝑙 ν 𝐵 = 𝐸ℎ 0 3 12(1-𝜈 2 ) 𝜂𝑉 ℎ 0 2 = 𝐵 𝑅 𝑐 ²𝑙² 𝑙 ∝ (ℎ 0 𝑅 𝑐 ²) 1 3 ⁄ ℎ 0 ∝ 𝑅 𝑐 5 3 ⁄ ( 𝜂𝑉 𝐵 ) 3 4 ⁄ 𝜏(0) = -𝜏 𝑦 -𝑘𝛾̇𝑛 𝛾̇= 𝜕𝑉 𝜕𝑧 > 0 𝜏(ℎ) = 𝜕𝑃 𝜕𝑥 ℎ 0 + 𝜏(0) 𝜕𝑃 𝜕𝑥 𝜏(0) 𝜕𝑃 𝜕𝑥 ~ ∆𝑃 𝑙 ~ 𝐵 𝑅 𝑐 ²𝑙² 𝜏(ℎ) ~-𝜏 𝑦 ℎ 0 ~(𝑘𝑉 𝑛 𝑅 𝑐 10 3 ⁄ 𝐵 ) 1 𝑛+ 1 3 ⁄ 𝑅 𝑐 𝑅 𝑐 𝑅 𝑐 𝑒 ~ ( 𝑘𝑉 𝑛 𝐿 𝑐 10 3 ⁄ 𝐵 ) 1 𝑛+ 1 3 ⁄ - 𝜕𝑃 𝜕𝑥 + 𝜕𝜏 𝑧𝑥 𝜕𝑧 = 0 𝜏 𝑧𝑥 (𝑧) = 2𝜏 𝑦 ∆ (𝑧 -𝜆) ∆ = 2𝜏 𝑦 /(𝜕𝑃/𝜕𝑥) ∆ 𝜆 𝜆 𝑖 𝜆 𝑜 𝜏 𝑧𝑥 (𝜆 𝑖 ) = -𝜏 𝑦 𝜏 𝑧𝑥 (𝜆 𝑜 ) = 𝜏 𝑦 ∆ = 𝜆 𝑜 -𝜆 𝑖 𝜆 = 𝜆 𝑜 + 𝜆 𝑖 2 𝜏 𝑧𝑥 (𝑧) = 2𝜏 𝑦 𝜆 𝑜 -𝜆 𝑖 (𝑧 - 𝜆 𝑜 + 𝜆 𝑖 2 ) 𝜆 𝑖 𝜆 𝑜 𝑉 = -∫ 𝛾ḣ 0 (𝑧) 𝑒𝑉 = ∫ 𝑣 𝑥 ℎ 0 (𝑧)𝑑𝑧 = [ 𝑧𝑣 𝑥 (𝑧) ] 0 ℎ -∫ 𝑧 ℎ 0 𝛾(𝑧)𝑑𝑧 𝛾̇= 𝜕𝑉 𝑥 𝜕𝑧 [ 𝑧𝑣 𝑥 (𝑧) ] 0 ℎ = 0 𝜆 𝑖 𝜆 𝑜 . 𝜆 𝑖 𝜆 𝑜 𝝀 𝒊 𝝀 𝒐 𝛾̇= { -( 2𝜏 𝑦 𝑘 ) 1 𝑛 ( 𝜆 𝑖 -𝑧 𝜆 𝑜 -𝜆 𝑖 ) 1 𝑛 < 0 for 0 ≤ 𝑧 ≤ 𝜆 𝑖 0 for 𝜆 𝑖 ≤ 𝑧 ≤ 𝜆 0 ( 2𝜏 𝑦 𝑘 ) 1 𝑛 ( 𝑧 -𝜆 𝑜 𝜆 𝑜 -𝜆 𝑖 ) 1 𝑛 > 0 for 𝜆 0 ≤ 𝑧 ≤ ℎ 𝜆 𝑖 𝜆 𝑜 0 ≤ 𝑧 ≤ 𝜆 𝑖 𝜆 𝑖 ≤ 𝑧 ≤ 𝜆 0 𝜆 0 ≤ 𝑧 ≤ ℎ 1 + 𝑛 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑉 = 𝜆 𝑖 1+ 1 𝑛 -(ℎ -𝜆 𝑜 ) 1+ 1 𝑛 (1 + 𝑛)(1 + 2𝑛) 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑒𝑉 = 𝑛𝜆 𝑖 2+ 1 𝑛 -(ℎ + 𝑛ℎ + 𝑛𝜆 𝑜 )(ℎ -𝜆 𝑜 ) 1+ 1 𝑛 𝜆 𝑖 𝜆 𝑜 𝜆 𝑖 𝜆 𝑜 𝝀 𝒊 𝝀 𝒐 ≥ 𝜏 𝑧𝑥 (𝜆 𝑖 ) = -𝜏 𝑦 𝜏 𝑧𝑥 (ℎ) ≤ 𝜏 𝑦 𝛾̇= { -( 2𝜏 𝑦 𝑘 ) 1 𝑛 ( 𝜆 𝑖 -𝑧 𝜆 𝑜 -𝜆 𝑖 ) 1 𝑛 < 0 for 0 ≤ 𝑧 ≤ 𝜆 𝑖 0 for 𝜆 𝑖 ≤ 𝑧 ≤ ℎ 𝜆 𝑖 ≤ ℎ 𝜆 𝑜 > ℎ 1 + 𝑛 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑉 = 𝜆 𝑖 1+ 1 𝑛 (1 + 𝑛)(1 + 2𝑛) 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑒𝑉 = 𝑛𝜆 𝑖 2+ 1 𝑛 𝜆 𝑖 = 1 + 2𝑛 𝑛 𝑒 𝜆 𝑜 = 1 + 2𝑛 𝑛 𝑒 + 1 𝑛 (1 + 𝑛) -𝑛 (1 + 2𝑛) 1+𝑛 2𝜏 𝑦 𝑘 𝑒 1+𝑛 𝑉 -𝑛 𝝀 𝒐 ≥ 𝝀 𝒊 ≥ 𝜏 𝑧𝑥 (𝑧) < -𝜏 𝑦 0 ≤ 𝑧 ≤ ℎ 𝛾̇= -( 2𝜏 𝑦 𝑘 ) 1 𝑛 ( 𝜆 𝑖 -𝑧 𝜆 𝑜 -𝜆 𝑖 ) 1 𝑛 𝜆 𝑖 ≥ ℎ 𝜆 𝑜 > ℎ 1 + 𝑛 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑉 = 𝜆 𝑖 1+ 1 𝑛 -(𝜆 𝑖 -ℎ) 1+ 1 𝑛 (1 + 𝑛)(1 + 2𝑛) 𝑛 [ 𝑘(𝜆 𝑜 -𝜆 𝑖 ) 2𝜏 𝑦 ] 1 𝑛 𝑒𝑉 = 𝑛𝜆 𝑖 2+ 1 𝑛 -(ℎ + 𝑛ℎ + 𝑛𝜆 𝑜 )(ℎ -𝜆 𝑖 ) 1+

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

ABSTRACT

The spreading of cosmetic products, although it seems trivial at the consumer level, involves many complex physico-chemical phenomena that are important to understand and control. In this thesis, we study in detail the phenomena that occur during the spreading of complex fluids. Through our studies, we provide scientific levers that will ultimately improve the performance of cosmetic products. To do this, we study various scientific fields such as complex fluid rheology (i. e. gels and solid particle dispersion), wetting, fluid mechanics and spreading systems.