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10 °C to 5 °C, condensation temperat

from 30 °C to 50 °C, and a fixed superheat of 10 K.
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–
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–

–

–

–
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20 L. b) Bomba d’água. c) Sensor de vazão de água. d) Resistência de aquecimento. Fonte: 
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BECp [kJ (kg ∙ K)⁄ ]h [kJ (kg ∙ K)⁄ ]Ik [W (m ∙ K)⁄ ]k𝑓𝑏 [W (m ∙ K)⁄ ]k𝑛𝑝 [W (m ∙ K)⁄ ]k𝑟
m [kg]m𝑓𝑏 [kg]m𝑛𝑝 [kg]ṁ [kg/s]ṁ𝐸𝐴−𝐻2𝑂 [kg/s]P [bar]𝑄̇𝑒𝑣𝑎𝑝 [W]𝑄̇𝑒𝑣𝑎𝑝,𝐸𝐴−𝐻20 [W]𝑇 [°C]𝑇𝐸𝑉𝐴𝑃 [°C]𝑈𝑊̇𝑐𝑜𝑚𝑝 [W]𝑥X
μ [mPa ∙ s]μfb [mPa ∙ s]



μnf [mPa ∙ s]𝜌 [𝑘𝑔 𝑚3⁄ ]𝜌𝑓𝑏 [𝑘𝑔 𝑚3⁄ ]𝜌𝑛𝑝 [𝑘𝑔 𝑚3⁄ ]𝛷𝜑𝑣𝜙𝑚











•

•

•

•







∑ Qi + W = 0
∑ 𝑄𝑖𝑇𝑖 = 0 → ∀ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑜𝑠 𝑅𝑒𝑣𝑒𝑟𝑠í𝑣𝑒𝑖𝑠





𝑄̇𝑡𝑟𝑜𝑐𝑎𝑑𝑜𝑟 𝑑𝑒 𝑐𝑎𝑙𝑜𝑟 = 𝑚̇ ∗ (ℎ𝑠𝑎í𝑑𝑎 − ℎ𝑒𝑛𝑡𝑟𝑎𝑑𝑎)
ℎ𝑠𝑎í𝑑𝑎 = ℎ𝑒𝑛𝑡𝑟𝑎𝑑𝑎
𝑊̇𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 = 𝑚̇ ∗ (ℎ𝑠𝑎í𝑑𝑎 − ℎ𝑒𝑛𝑡𝑟𝑎𝑑𝑎)
𝑄̇𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑑𝑜𝑟 + 𝑊̇𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 − 𝑄̇𝑐𝑜𝑛𝑑𝑒𝑛𝑠𝑎𝑑𝑜𝑟 = 0

–



–



CHCIF2 C3H8



–





–



–



–

5700 W∙m ∙





–











𝜌𝑛𝑓 = (1 − 𝜙𝑣𝑜𝑙) ∗ 𝜌𝑓𝑏 + 𝜙𝑣𝑜𝑙 ∗ 𝜌𝑛𝑝



𝜌𝑛𝑓 𝜙𝑣𝑜𝑙𝜌𝑓𝑏 𝜌𝑛𝑝

𝜑𝑣 = 𝑚𝑛𝑝 𝜌𝑛𝑝⁄𝑚𝑛𝑝 𝜌𝑛𝑝⁄ + 𝑚𝑓𝑏 𝜌𝑓𝑏⁄
nanopartículas de óxido de alumínio (Al₂O₃) ou óxido de zinco (ZnO), com concentrações em 



𝜇𝑛𝑝−𝑓𝑏 = 𝜇𝑓𝑏(1 + 2,5 ∗ 𝜙𝑣)



SiO₂, TiO₂ e Al₂O₃ em concentrações de 0,1 a 0,6% vol., 

–

–105 °C e taxa de 

–500 s⁻¹. Os resultados mostraram que, para todas as concentrações, a 

–

–



– –

–



𝜇𝑛𝑝−𝑓𝑏 = 1(1 + 𝜙𝑣)2,5 𝜇𝑓𝑏



–

𝝓
•

•

•

•

•

•

•

–

•

•

•

•

•

•

•



–

𝝓
•

•

•

–

•

•

•

•

–

•

•

•

•

•

•

•



–

𝝓
•

•

•



~
–



𝐾𝑒𝑓𝑓 = 𝐾𝑓𝑏 (𝐾𝑛𝑝 + 2𝐾𝑓𝑏 + 2 ∗ (𝐾𝑛𝑝 − 𝐾𝑓𝑏) ∗ 𝜙𝐾𝑛𝑝 + 2𝐾𝑓𝑏 + (𝐾𝑛𝑝 − 𝐾𝑓𝑏) ∗ 𝜙 )



β

𝐾𝑁𝑅 = 𝐾𝑅 (𝐾𝑛𝑝 + 2𝐾𝑅 + 2 ∗ (𝐾𝑛𝑝 − 𝐾𝑅) ∗ 𝜙 ∗ (1 + 𝛽)3𝐾𝑛𝑝 + 2𝐾𝑅 + (𝐾𝑛𝑝 − 𝐾𝑅) ∗ 𝜙 ∗ (1 + 𝛽)3 )
𝐾𝑛𝑝−𝑓𝑏 = 𝐾𝑓𝑏 (𝐾𝑛𝑝 + 2𝐾𝑓𝑏 + 2 ∗ (𝐾𝑓𝑏 − 𝐾𝑛𝑝) ∗ 𝜙𝐾𝑛𝑝 + 2𝐾𝑓𝑏 + (𝐾𝑓𝑏 − 𝐾𝑛𝑝) ∗ 𝜙 )
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𝝓
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•

• ~
•

•

•

•

•

•

•
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𝝓
•

•

•

•

•

•

•

•

•

•



–

𝝓
•

•





−

uma redução de 4 °C, na 





−

–





ağidir

∙ ∙∙





– 𝝓
•

•

•

•

•

•

•

•

•

•

•

•

•

•



– 𝝓
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•

•



– 𝝓
•

•

•

•

•

•

•

•

•

•

•

•

•

•

•



– 𝝓
•

•

•

•

•

•

•

•

•

•

•

(DAĞIDIR; BILEN, 2023)

•

•

•

•



– 𝜇 𝜇 𝜇



• Tipo 1 –

• Tipo 2 –

• Tipo 3 –

𝜙𝑚 = 𝑚𝑛𝑝𝑚𝑛𝑝 + 𝑚𝑓𝑏
𝜙𝑚 𝑚𝑛𝑝𝑚𝑓𝑏

𝑚𝑓𝑏 𝑚𝑛𝑝



–

− −− − −− − −−

–



(YILDIZ; AĞBULUT; GÜREL, 2021)
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∙



–



∙ ∙
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•
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–

–

–

–

–

–

–

–

–

–



d’água

d’água

–

–
−



–

–

–

–

–

–

Bomba d’agua 

–

Bomba d’agua 

– –

––
–

–

–

3/8” –



–



–







–

d’água



–

como das bombas d’agua



–







–

–

Bombas d’agua



–



𝑄̇𝑒𝑣𝑎𝑝 = 𝑚̇ ∙ (ℎ̇𝑠á𝑖𝑑𝑎(𝑇, 𝑃) − ℎ̇𝑒𝑛𝑡𝑟𝑎𝑑𝑎(𝑥, 𝑇))
Q̇evap ṁḣsáida(T, P)ḣ𝑒𝑛𝑡𝑟𝑎𝑑𝑎(T, P)

Q̇evap𝑊̇𝑐𝑜𝑚𝑝

𝐶𝑂𝑃 = 𝑄̇𝑒𝑣𝑎𝑝𝑊̇𝑐𝑜𝑚𝑝



𝑄̇𝑒𝑣𝑎𝑝,𝐸𝐴−𝐻20 = 𝑚̇𝐸𝐴−𝐻20 ∙ 𝐶𝑃𝐸𝐴−𝐻20(𝑇𝑚)(𝑇𝑠á𝑖𝑑𝑎 − 𝑇𝑒𝑛𝑡𝑟𝑎𝑑𝑎)
𝑄̇𝑒𝑣𝑎𝑝,𝐸𝐴−𝐻20ṁ𝐸𝐴−𝐻20 CP𝐸𝐴−𝐻20(Tm)

TsáidaT𝑒𝑛𝑡𝑟𝑎𝑑𝑎

𝐵𝐸 = ((𝑄̇𝑒𝑣𝑎𝑝 − 𝑄̇𝑒𝑣𝑎𝑝,𝐸𝐴−𝐻20)𝑄̇𝑒𝑣𝑎𝑝 ) ∙ 100%



–

𝝓𝒎

–

𝑥̅ U
𝑥 = 𝑥̅ + 𝑈



𝑦 = 𝑓(𝑥1, 𝑥2, … , 𝑥𝑛)
𝑥1, 𝑥2, … , 𝑥𝑛

𝑢(𝑥1), 𝑢(𝑥2), … , 𝑢(𝑥n)
𝑢𝑐2(𝑦) = ∑ ( 𝜕𝑦𝜕𝑥𝑖)2 ∙ 𝑢2(𝑥𝑖)𝑛𝑖=1

νkU

𝑈 = 𝑘 ∙ 𝑢𝑐(𝑦)
–

𝑻𝒄𝒐𝒎𝒑(𝒏) –𝑻(𝒏)𝑷𝑬𝒗𝒂𝒑𝒆𝒏𝒕 –𝑷𝑬𝒗𝒂𝒑𝒔𝒂í –𝑷𝑪𝒐𝒏𝒅𝒆𝒏𝒕 –𝑷𝑪𝒐𝒏𝒅𝒔𝒂í –𝑷𝑪𝒐𝒎𝒑𝒔𝒖𝒄çã𝒐 –



𝒎̇ –

𝒎̇𝑯𝟐𝑶−𝑬𝒕𝒂𝒏𝒐𝒍 –

–

–𝑻𝒄𝒐𝒎𝒑 𝑷𝑬𝒗𝒂𝒑𝒆𝒏𝒕𝑷𝑬𝒗𝒂𝒑𝒔𝒂í 𝑷𝐶𝑜𝑛𝑑𝒆𝒏𝒕 𝑷𝐶𝑜𝑛𝑑𝒔𝒂í𝒎̇ 𝒎̇𝑯𝟐𝑶−𝑬𝒕𝒂𝒏𝒐𝒍

–

𝐓𝐄𝐯𝐚𝐩 𝐐̇𝐄𝐯𝐚𝐩𝐖̇𝐂𝐨𝐦𝐩𝐂𝐎𝐏𝑻𝐸𝑣𝑎𝑝 𝑄̇𝐸𝑣𝑎𝑝𝑊̇𝐶𝑜𝑚𝑝 𝐶𝑂𝑃



𝐼[%] = 𝑋𝑛𝑓𝑋𝑓𝑏
𝑋𝑛𝑓 𝑋𝑓𝑏



–



–



–

–



–



–

–



–



–
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•

•
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–

–
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–



–

–

–

–

–

–

–

–

DAĞIDIR, K.; BILEN, K. Experimental investigation of usage of POE lubricants with 



–

VCRS : An Experimental Investigation. v. 4, n. 1, p. 1–

–

–

lubricants Analyse énergétique et exergétique d ’

–

–

–

–

– –

–

–



–

–

–

–

–

–

–

–



–

–

–

–

lubricant Performance d ’ un réfrigérateur 



–

–

–

–

–

–

–



–

refrigeration systems †. v. 31, n. 8, p. 3993–

–

–

–

–

–

–

–



–

– –

–

–

YILDIZ, G.; AĞBULUT, Ü.; GÜREL, A. E. A review of stability, thermophysical 

–

–

–

–

–

–



–

𝝓 𝝓 𝝓



–

𝝓 𝝓 𝝓



–

𝝓 𝝓 𝝓



MQBMP 01, da Microquímica Equipamentos Ltda., com precisão de 0,1 °C e estabilidade 

térmica de 0,01 °C. Como referência, empregou

olução de 0,1 °C e faixa de medição de 10 °C a 50 °C. O sistema de aquisição de dados 

MC96 e ASTM E320, que determinam um limite máximo de erro de ±1 °C para termopares do 

–

𝑹𝟐𝐓𝐬𝐮𝐩 Tsup[°C] = 0,99 ∙ Tt[°C] + 0,421𝐓𝐜𝐚𝐫𝐭 Tcart[°C] = 0,998 ∙ Tt[°C] + 0,458𝐓𝐭𝐚𝐧𝐪−𝐂𝐨𝐧𝐝 Ttanq−Cond[°C] = 0,998 ∙ Tt[°C] + 0,526𝐓𝐭𝐚𝐧𝐪−𝐄𝐯𝐚𝐩 Ttanq−Evap[°C] = 0,998 ∙ Tt[°C] + 0,573Tsup Tcart Ttanq−CondTtanq−Evap



–

–

𝑹𝟐𝐓𝐬𝐮𝐜−𝐜𝐨𝐦𝐩 Tsup[°C] = 0,997 ∙ TRTD[°C]  + 0,089𝐓𝐝𝐞𝐬𝐜−𝐜𝐨𝐦𝐩 Tcart[°C] = 0,99 ∙ TRTD[°C] + 0,117𝐓𝐂𝐨𝐧𝐝−𝐬𝐚𝐢 Ttanq−Evap[°C] = 0,998 ∙ TRTD[°C] + 0,133𝐓𝐕𝐚𝐥−𝐄𝐧𝐭 Ttanq−Cond[°C] = 0,987 ∙ TRTD[°C] + 0,045𝐓𝐬𝐮𝐜−𝐜𝐨𝐦𝐩 𝐓𝐝𝐞𝐬𝐜−𝐜𝐨𝐦𝐩TCond−sai 𝐓𝐕𝐚𝐥−𝐄𝐧𝐭

–

𝑹𝟐𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐂𝐨𝐧𝐝 𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐂𝐨𝐧𝐝[°C] = 0,983 ∙ TRTD[°C]  + 0,009𝐓𝐭𝐚𝐧𝐪−𝐒𝐚𝐢−𝐂𝐨𝐧𝐝 𝐓𝐭𝐚𝐧𝐪−𝐒𝐚𝐢−𝐂𝐨𝐧𝐝[°C] = 0,98 ∙ TRTD[°C] + 0,145𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐄𝐯𝐚𝐩 𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐂𝐨𝐧𝐝[°C] = 0,979 ∙ TRTD[°C]  + 0,009𝐓𝐭𝐚𝐧𝐪−𝐒𝐚𝐢−𝐄𝐯𝐚𝐩 𝐓𝐭𝐚𝐧𝐪−𝐒𝐚𝐢−𝐂𝐨𝐧𝐝[°C] = 0,978 ∙ TRTD[°C] + 0,065𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐂𝐨𝐧𝐝 𝐓𝐭𝐚𝐧𝐪−Sai−𝐂𝐨𝐧𝐝𝐓𝐭𝐚𝐧𝐪−𝐄𝐧𝐭−𝐄𝐯𝐚𝐩𝐓𝐭𝐚𝐧𝐪−Sai−Evap
– 𝑹𝟐𝐏𝐬𝐚𝐢−𝐄𝐯𝐚𝐩 𝐏𝐝𝐞𝐬−𝐂𝐨𝐦𝐩[bar] = 2,5453 ∙ I[mA]  − 2,1683𝐏𝐝𝐞𝐬−𝐂𝐨𝐦𝐩 𝐏𝐬𝐚𝐢−𝐄𝐯𝐚𝐩[bar] = 8,4227 ∙ I[mA]  − 3,9854𝐏𝐬𝐚𝐢−𝐄𝐯𝐚𝐩 𝐏𝐝es−𝐂𝐨𝐦𝐩
– 𝑹𝟐



𝐦̇ 𝐦̇[g/s] = 12488 ∙ I[mA] + 49,75𝐦̇𝑬𝑨−𝑯𝟐𝑶 𝐦̇𝑬𝑨−𝑯𝟐𝑶[L/min] = 0,1197 ∙ I[mA] + 0,8742𝐏𝐬𝐚𝐢−𝐄𝐯𝐚𝐩 𝐏𝐝es−𝐂𝐨𝐦𝐩


