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A test facility for the jet impingement cooling technique was redesigned based on
literatures to investigate the effect of varying jet impingement hole diameter and jet
impingement Reynolds number to the flow thermal behaviour. The total hydraulic
diameter of the facility, inlet nozzle and the orifice plates were designed in
accordance to the British Standards for fluid flow in a closed conduit, BS1042. Jet
impingement test plates were fabricated by scaled factors to represent the real
condition in the turbine blade itself. The experimental tests include single jet
impingement hole arrangements with hole diameter of 5, 7, and 10 mm, and jet
impingement Reynolds number ranging from 20000 - 30000. Video images of the
experiment were captured using a digital video camera, and the video images were
then extracted into still images. These still images were analyzed using MatLab
software to get the heat transfer coefficient and surface temperature. The most

suitable design parameters at a given range of design parameters were pointed out.



The experimental data obtained includes the effects of varying the jet impingement
hole diameter and the jet impingement Reynolds number on heat transfer coefficient
distribution and the non-dimensional parameter, Nusselt number. The coverage area
of the stagnation region and the location of the wall jet region were also considered.
It was found that increasing jet impingement hole diameter resulted in an increase
towards the stagnation region area and wall jet region location. Development of jet
impingement potential core was also discussed and optimal design parameters for the
current test facility were pointed out. At jet impingement Reynolds number of
20000, the 5 mm jet impingement hole diameter design achieved the highest heat
transfer process, but as the jet impingement Reynolds number increased to 25000
and 30000, the 10 mm jet impingement hole diameter dominated the heat transfer

process.

Recommendation on future work would include the integration of turbine stage
internal cooling technique and external cooling technique and also the utilization of
multiple thermochromic liquid crystals coating for a better heat transfer coefficient

distribution.
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Sebuah fasiliti ujikaji untuk teknik penyejukan hentaman jet telah direka semula
berdasarkan risalah terdahulu bagi mengkaji kesan mempelbagaikan diameter lubang
hentaman jet dan nombor Reynolds hentaman jet kepada kelakuan haba aliran.
Diameter hidrolik keseluruhan fasiliti, muncung kemasukan, dan plat orifis telah
direka mengikut Piawai British untuk aliran cecair dalam saluran tertutup, BS1042.
Plat ujikaji hentaman jet telah difabrikasi menggunakan faktor skala untuk mewakili
keadaan nyata bilah turbin itu sendiri. Ujian eksperimentasi merangkumi aturan
hentaman jet tunggal dengan diameter lubang 5, 7, dan 10 mm, dan nombor
Reynolds hentaman jet berjulat antara 20000 hingga 30000. Video eksperimen
dirakam menggunakan kamera video digital, dan kemudiannya diekstrak kepada
imej kaku. Imej kaku ini dianalisis menggunakan perisian Matlab bagi mendapatkan
pekali pemindahan haba dan suhu permukaan. Reka bentuk parameter yang paling

sesuai bagi satu julat reka bentuk parameter telah ditunjukkan.



Data eksperimen yang diperolehi merangkumi kesan memvariasikan lubang diameter
hentaman jet dan nombor Reynolds hentaman jet pada edaran pekali pemindahan
haba dan parameter tidak berdimensi, nombor Nusselt. Liputan kawasan stagnasi dan
lokasi kawasan dinding jet juga dipertimbangkan. Didapati bahawa peningkatan
lubang diameter hentaman jet menghasilkan peningkatan liputan kawasan stagnasi
dan lokasi kawasan dinding jet. Pembentukan teras berpotensi hentaman jet telah
dibincangkan dan rekabentuk parameter yang optimal bagi fasiliti ujikaji ini telah
ditunjukkan. Pada nombor Reynolds hentaman jet 20000, lubang hentaman jet
berdiameter 5 mm menghasilkan proses pemindahan haba yang tertinggi, tetapi
peningkatan nombor Reynolds hentaman jet ke 25000 dan 30000, lubang hentaman

jet berdiameter 10 mm mendominasi proses pemindahan haba.

Cadangan kerja masa hadapan merangkumi integrasi teknik penyejukan dalaman dan

teknik penyejukan luaran peringkat turbin dan juga penggunaan pelbagai lapisan

cecair hablur termokromik untuk edaran pekali pemindahan haba yang lebih jitu.
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