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INSTRUCTION: 

This section consists of FOUR (4) structured questions. Answer ALL questions. 

ARAHAN: 

Bahagian ini mengandungi EMPAT (4) soalan berstruktur. Jawab SEMUA soalan. 

 

 

QUESTION 1 

SOALAN 1 

 

(a) Heat transfer is the form of energy that can be transferred from one system to 

another system as a result of temperature difference. 

Pemindahan haba adalah satu bentuk tenaga yang boleh dipindahkan dari satu 

sistem ke.sistem lain akibat dari perbezaan suhu. 

 

i. List THREE (3) mode of heat transfer.     

Senaraikan TIGA (3) mod pemindahan haba. 

[3 Marks] 

[3 Markah] 

 

ii. Select TWO (2) mode of heat transfer and write down its formula. 

                        Pilih DUA (2) elemen dan nyatakan formulanya. 

[2 Marks] 

[2 Markah] 

 

 

(b) Explain the THREE (3)   mode of heat transfer with definition and examples. 

Jelaskan  TIGA (3) mod pemindahan haba dengan definisi dan contoh.  

[8 Marks] 

[8 Markah] 

 

 

 

 

CLO1 

C1 

CLO1 

C2 
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(c) Consider a 1.2 m high and 2.5 m wide double pane window consisting of two 

3.25 mm thick layers of glass (k = 0.78 W/m·°C) that is separated by a 12.5 

mm wide stagnant air space (k = 0.026 W/m·°C). Take the convection heat 

transfer coefficient on the inner and outer surfaces of the window to be h1 = 10 

W/m2·°C and h2 = 25 W/m2·°C as shown in Figure 1(c), and disregard any 

heat transfer by radiation. Temperature of indoors is maintained at 20°C while 

the temperature of the outdoors is - 10°C. Calculate thermal resistance for each 

layer and heat transfer rate.  

Pertimbangkan tingkap dua panel 1.2 m tinggi dan 2.5 m lebar yang terdiri 

daripada dua lapisan tebal kaca 3.25 mm (k = 0.78 W/m·°C) dipisahkan oleh 

ruang udara tetap 12.5mm (k = 0.026 W/m·°C). Pekali pemindahan haba 

perolakan bagi permukaan dalaman dan luaran ialah h1 = 10 W/m2·°C and h2 

= 25 W/m2·°C seperti yang ditunjukkan dalam Gambarajah 1(c), dan abaikan 

sebarang pemindahan haba oleh radiasi. Suhu dalam bilik kekal pada 20°C 

manakala suhu di luar adalah  -10 ° C. Kirakan rintangan haba bagi setiap 

lapisan dan kadar pemindahan haba. 

 

 

Figure 1(c)  

Gambarajah 1(c) 

[12 Marks] 

[12 Markah] 

CLO2 

C3 
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QUESTION 2  

SOALAN 2 

 

(a) Heat transfer through a liquid or gas can be by conduction or convection 

depending on the presence of any bulk fluid motion. 

Pemindahan haba melalui cecair atau gas boleh terjadi melalui konduksi atau 

perolakan bergantung kepada kehadiran pergerakan pukal cecair. 

 

i. Convection heat transfer is depending on the fluid properties. Describe 

THREE (3) types of fluid flow in convection heat transfer.  

Pemindahan haba perolakan bergantung kepada sifat cecair. 

Senaraikan TIGA (3) jenis aliran cecair dalam pemindahan haba 

perolakan.                

[3 Marks] 

[3 Markah] 

 

ii. Describe ONE (1) similarity and difference between heat conduction 

and heat convection.        

Terangkan SATU (1) persamaan dan perbezaan di antara haba 

konduksi dan haba perolakan. 

[2 Marks] 

[2 Markah] 

 

 

 

 

 

 

 

 

 

 

CLO1 

C2 
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(b) During a cold winter day, wind at 55km/h blowing parallel to a 4-m-high and 

10-m-long wall of a house. If the air outside is at 5°C and the surface 

temperature of the wall is 12°C as shown in Figure 2(b), determine the rate of 

heat loss from that wall by convection. 

Semasa musim sejuk, angin pada 55km/j bertiup selari dengan dinding rumah 

4-m-tinggi dan 10-m-panjang. Jika udara di luar berada pada 5 ° C dan suhu 

permukaan dinding adalah 12 ° C seperti yang ditunjukkan dalam 

Gambarajah 2(b), tentukan kadar kehilangan haba dari dinding itu dengan 

perolakan. 

 

Figure 2(b) 

Gambarajah 2(b) 

[10 Marks]                                                                                                      

[10 Markah] 

 

 

(c) Mercury at 25ºC flows over a 3m-long and 2-m wide flat plate maintained at 75 

ºC with a velocity of 0.8m/s. Determine the rate of heat transfer from the entire 

plate.   

Merkuri pada 25ºC mengalir di atas plat rata 3m panjang dan 2m lebar yang 

dikekalkan pada 75ºC dengan halaju 0.8m/s. Tentukan kadar pemindahan haba 

dari keseluruhan plat. 

  

[10 Marks] 

[10 Markah] 

 

 

 

 

CLO2 

C3 

CLO2 

C4 
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QUESTION  

SOALAN 3 

 

(a) Heat radiation is different from heat conduction and heat convection due to the 

radiation characteristics. Identify SEVEN (7) examples of heat radiation. 

Haba sinaran adalah berbeza daripada haba konduksi dan haba perolakan 

disebabkan oleh ciri-ciri sinaran. Senaraikan TUJUH (7) contoh haba sinaran. 

[7 Marks] 

          [7 Markah]  

               

(b) The spectral emissivity function of an opaque surface at 1000 K as shown in 

Figure 3(b). Determine the average emissivity of the surface and the rate of 

radiation emission from the surface, in 𝑊/𝑚2. 

Fungsi pelepasan spektrum bagi permukaan legap pada 1000 K seperti yang 

ditunjukkan dalam Gambarajah 3(b).  Tentukan purata pelepasan permukaan 

dan kadar pelepasan sinaran dari permukaan, dalam 𝑊/𝑚2. 

 

                

Figure 3(b) 

Gambarajah 3(b) 

           [10 Marks]             

          [10 Markah]    

  

(c) Explain THREE (3) properties of radiation with definition and complete 

illustration in semitransparent material. 

Terangkan TIGA (3) sifat sinaran dengan definisi dan ilustrasi lengkap dalam 

bahan separa lutsinar. 

                        [8 marks] 

[8 markah] 

 

CLO1 

C2 

CLO2 

C3 

CLO2 

C4 
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QUESTION 4 

SOALAN 4 

 

(a) Identify FIVE (5) selection factors need to be considered by 

technician/engineer before choosing a proper heat exchanger. 

Senaraikan LIMA (5) faktor pemilihan yang perlu dipertimbangkan oleh 

juruteknik / jurutera sebelum memilih penukar haba yang sesuai. 

             [5 Marks]             

         [5 Markah]     

 

(b) A double-pipe counter-flow heat exchanger is to cool ethylene glycol (Cp = 

2560 J/kg· °C) flowing at a rate of 3.5 kg/s from 80°C to 40°C by water (Cp = 

4180 J/kg · °C) that enters at 20°C and leaves at 55°C. The overall heat transfer 

coefficient based on the inner surface area of the tube is 250 W/𝑚2 · °C. 

Determine the rate of heat transfer. 

 Penukar haba aliran bertentangan paip berganda adalah untuk menyejukkan 

etilena glikol (Cp = 2560 J / kg · ° C) yang mengalir pada kadar 3.5 kg / s dari 

80 ° C hingga 40 ° C dengan menggunakan air (Cp = 4180 J / kg · ° C) yang 

memasuki pada suhu 20 ° C dan keluar pada suhu 55 ° C. Pekali pemindahan 

haba keseluruhan berdasarkan kawasan permukaan dalam tiub adalah 250 

W/𝑚2·°C. Tentukan kadar pemindahan haba. 

 

Figure 4(b)  

Gambarajah 4(b) 

           

                                                                                                  [10 marks] 

[10 markah] 

 

 

CLO1 

C2 

CLO2 

C3 
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(c) Engine oil (Cp  = 2100 J/kg · °C) is to be heated from 20°C to 60°C at a rate of 

0.3 kg/s in a 2-cm-diameter thin walled copper tube by condensing steam 

outside at a temperature of 130°C (hfg = 2174 kJ/kg) as shown in Figure 4(c). 

For an overall heat transfer coefficient of 650 W/𝑚2 · °C, determine the rate of 

heat transfer and the length of the tube required to achieve it. 

 Minyak enjin (Cp = 2100 J / kg · ° C) hendaklah dipanaskan dari 20 ° C hingga 

60°C  pada kadar 0.3 kg/s dalam tiub tembaga berdinding nipis berdiameter 2 

cm dengan menampung wap di luar pada suhu 130°C (hfg = 2174 kJ / kg) 

seperti dalam Gambarajah 4(c). Untuk pekali pemindahan haba keseluruhan 

650 W/𝑚2. ° C, tentukan kadar pemindahan haba dan panjang tiub yang 

diperlukan untuk mencapainya. 

 

 

Figure 4(c)  

Gambarajah 4(c) 

 

                                                                                              [10 marks] 

                                                                                                        [10 markah] 

 

 

 

 

 

 

 

 

 

SOALAN TAMAT 

 

CLO2 

C4 
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Formula list / Senarai formula 

CONDUCTION 

The elementary thermal resistance relations: 

 

CONVECTION 

The average friction coefficient relations for flow over a flat plate: 

 

The average Nusselt number relations for flow over a flat plate: 

 

The average Nusselt number for cross flow over a cylinder and sphere: 
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RADIATION 

Stefan–Boltzmann law: Eb(T ) = σT 4   ; σ  = 5.670 x 10 -8 W/m2∙K4 

Spectral blackbody emmisive power; 

 

Wien’s displacement law: 

 

HEAT EXCHANGER 

Overall heat transfer coefficient U or a total thermal resistance R, expressed as: 

 

The effects of fouling on both the inner and the outer surfaces of the tubes of a 

heat exchanger can be accounted for by: 

 

LMTD method, the rate of heat transfer 
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