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摘 要

本研究之主旨為探討高壓共軌柴油引擎之暫態油耗及排放響應特性與引擎噴油訊號與燃燒壓力之關係。研究將運用引擎控

制與輸出性能參數即時顯示之軟硬體，觀測引擎輸出性能參數對應暫態扭力、轉速變化時，輸出性能之間的響應，並使用

燃燒分析儀紀錄分析不同暫態轉速與扭力變化操作狀態下之燃燒壓力與噴油控制訊號對應暫態排放廢氣與油耗之關係。 研

究設定三種不同暫態測試模式，包括定轉速變扭力暫態測試、定扭力變轉速暫態測試、與變轉速變扭力暫態測試。實驗

以LabVIEW資料擷取系統紀錄高壓共軌柴油引擎輸出扭力、轉速、油耗，配合廢氣分析儀與煙度計上之數值，並運用燃燒

分析儀記錄暫態變化時間中之平均燃燒壓力與噴油訊號，對三種暫態測試模式進行探討其油耗、廢氣排放、燃燒壓力對應

不同暫態響應時間之關係。 本研究量測之數據，未來可供建立定轉速變扭力暫態測試、定扭力變轉速暫態測試與變轉速變

扭力三種暫態測試模式之模擬動態模型進行不同暫態負荷改變之行駛油耗及排放廢氣輸出性能分析驗證之用。此外亦可提

供建立高壓共軌柴油引擎噴油系統暫態最佳化控制策略與排放污染特性之研究參考數據資料庫，配合相關控制軟體構建之

暫態資料擷取系統，預測油耗、廢氣與燃燒壓力之模型參數調校與控制參數最佳化比較，不同汙染氣體測得之延遲時間可

供研究與分析改善柴油高壓共軌引擎暫態響應性能。

關鍵詞 : 高壓直噴共軌柴油引擎、引擎暫態響應量測、柴油引擎暫 態油耗與排放

目錄

封面內頁 簽名頁 中文摘要...iii ABSTRACT...v 誌謝...vii 目錄...viii 圖目錄...x 表目錄...xx 符號說明...xxi 第一章緒論...1 1.1前

言...1 1.2文獻回顧...2 1.2.1柴油引擎暫態排放與控制...2 1.2.2柴油引擎暫態模型模擬...15 1.2.3柴油引擎EGR與暫態排放...17

1.3研究動機...25 1.4本文架構...25 第二章 研究方法...26 2.1引擎測試模式與測功計操作模式設定...26 2.2資料選取之人機介面

建立...28 2.3實驗儀器與設備...31 第三章 暫態變化實驗結果與討論...38 3.1定轉速變扭力測試模式...40 3.2定扭力變轉速模

式...62 3.3變轉速變扭力測試模式...84 第四章 結論與建議...107 4.1結論...107 4.2建議事項與未來研究項目...109 參考文

獻...111

參考文獻

[1] 行政院環保署“低氮氧化物柴油車技術測試評估及推廣使用專案研究計畫” EPA-90-FA17-03-90A266., 2001.�

[2] C. D. Rakopoulos and E. G. Giakoumis, “Diesel Engine Transient Operation,” Springer-Verlag London Pub. Co., 2009 .�

[3]D. Albrer and L. D. Re , “ Fast oxygen based transient Diesel engine operation,” SAE Paper No.2009-01-0622, 2009.�

[4] D. Albrer and L. D. Re, “Optimization of the transient Diesel engine operation,” SAE Paper No.2009-24-0113, 2009.�

[5]M. J. Samulski and C. C. Jackson, “Effects of Steady-State and Transient Operation on Exhaust Emissions from Nonroad and Highway Diesel

Engines,” SAE Paper No.982044, 1998.�

[6]J. R. Hagena, Z. S. Filipi, and D. N. Assanis, “Transient Diesel Emissions: Analysis of Engine Operation During a Tip-In,” SAE Paper

No.2006-01-1151, 2006.�

[7]H. Kang and P.V. Farrell, “Experimental Investigation of Transient Emissions (HC and NOx) in a High Speed Direct Injection (HSDI) Diesel

Engine,” SAE Paper No.2005-01-3883, 2005.�

[8]W. Glewen, D. Heuwetter, D. Foster, M. Andrie and R. Krieger, “ Analysis of Deviations from Steady State Performance During Transient

Operation of a Light Duty Diesel Engine”, SAE Paper No.2012-01-1067, 2012.�

[9] C. D. Rakopoulos, A. M. Dimaratos, E. G. Giakoumis, and M. S. Peckham, “Experimental Assessment of Turbocharged Diesel Engine

Transient Emissions during Acceleration, Load Change and Starting,” SAE Paper No.2010-01-1287, 2010.�

[10]W. F. Colban, P. C. Miles and S. Oh, “Effect of Intake Pressure on Performance and Emissions in an Automotive Diesel Engine Operating in

Low Temperature Combustion Regimes,” SAE Paper No.2007-01-4063, 2007.�

[11]S. Schurov, N. Collings, T. Hands, M. Peckham, and J. Burrell, “Fast Response NO/HC Measurements in the Cylinder and Exhaust Port of

a DI Diesel Engine,” SAE Paper No.980788, 1998.�

[12]S. K. Chen and O. Yanakiev, “Transient NOx Emission Reduction Using Exhaust Oxygen Concentration Based Control for a Diesel Engine,

” SAE Paper No.2005-01-0372, 2005.�



[13]P.G. Eastwood, K. Tufail, T. Winstanley, A. Darlington, S. Karagiorgis, Y. Hardalupas and A.M.K.P. Taylor, “Estimation of Deviations in

NO and Soot Emissions Between Steady-State and EUDC Transient Operation of a Common-Rail Diesel Engine,” SAE PaperNo.2009-24-0147,

2009.�

[14]W.P. Partridge, J.M.E. Storey, S.A. Lewis, R.W. Smithwick, G.L. DeVault, M.J. Cunningham, N.W. Currier and T.M. Yonushonis, 

“Time-Resolved Measurements of Emission Transients By Mass Spectrometry,” SAEPaper No.2000-01-2952, 2000.�

[15]W. Glewen, C. Meyer, D. Foster, M. Andrie and R. Krieger, “Sources and Tradeoffs for Transient NO and UHC Emissions with Low

Temperature Diesel Combustion,” SAE Technical Paper No.2011-01-1356, 2011.�

[16]Y. Urano, Y. Nakano, H. Takada and M. Sugita, “Optimization Technique for Transient Emission Reduction of Heavy Duty Diesel Engine,

” SAE Paper No.2005-01-1099, 2005.�

[17]C. Atkinson, M. Allain and H. Zhang, “Using Model-Based Rapid Transient Calibration to Reduce Fuel Consumption and Emissions in

Diesel Engines,” SAE Paper No.2008-01-1365, 2008.�

[18]D. M. Swain, C. C. Jackson, C. E. Lindhiem and G. J. Hoffman, “A Method for Comparing Transient NOx Emissions With Weighted

Steady State Test Results”, SAE Paper No.980408, 1998.�

[19]R. Ramamurthy, N. N. Clark, C. M. Atkinson and D.W. Lyons, “Models for Predicting Transient Heavy Duty Vehicle Emissions”, SAE

Paper No.982652, 1998.�

[20]J. Black, P. G. Eastwood, K. Tufail, T. Winstanley, Y. Hardalupas and A.M.K.P. Taylor, “Diesel engine transient control and emissions

response during a European Extra-Urban Drive Cycle (EUDC) ,” SAE Paper No.2007-01-1938, 2007.�

[21]Y. Zhu, H. Zhao and N. Ladommatos, “Computational Study of the Effects of Injection Timing, EGR and Swirl Ratio on a HSDI

Multi-Injection Diesel Engine Emission and Performance”, SAE Paper No.2003-01-0346, 2003.�

[22]J. Shutty, H. Benali, L. Daeubler and M. Traver, “Air System Control for Advanced Diesel Engines,” SAE Paper No.2007-01-0970, 2007.�

[23]S. Reifarth and H. Angstrom, “Transient EGR in a High-Speed DI Diesel Engine for a set of different EGR-routings,” SAE Paper

No.2010-01-1271, 2010.�

[24]R. M. Green, “Measuring the Cylinder-to-Cylinder EGR Distribution in the Intake of a Diesel Engine During Transient Operation,” SAE

Transactions — Journal of Engines, Vol. 109, Paper No.2000-01-2866, 2000.�

[25]D. Heuwetter, W. Glewen, C. Meyer, D. Foster and R. Krieger, “Effects of Low Pressure EGR on Transient Air System Performance and

Emissions for Low Temperature Diesel Combustion,” SAE Technical Paper No.2011-24-0062, 2011.�

[26]J. R. Serrano, H. Climent, F. J. Arnau and G. Traumat, “Global Analysis of the EGR Circuit in a HSDI Diesel Engine in Transient

Operation” SAE Paper No.2005-01-0699, 2005.�

[27]Y. Han, Z. Liu, J. Zhao, Y. Xu, J. Li and K. Li, “EGR Response in a Turbocharged and After-cooled DI Diesel Engine and Its Effects on

Smoke Opacity,” SAE Paper No.2008-01-1677, 2008.�

[28]A. Maiboom, X. Tauzia, S. R. Shah and J. Hetet, “Experimental Study of an LP EGR System on an Automotive Diesel Engine, compared to

HP EGR with respect to PM and NOx Emissions and Specific Fuel Consumption,” SAE Paper No.2009-24-0138,2009.�

[29] 劉勝治, “圖控式程式語言LabVIEW ,” 全華科技圖書股份有限公司, 1999.


