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Example 2. 
A single-family detached house shown in Fig. 1a is located in Iraq- Baghdad. 

The Wall is built from of 13 mm cement plaster, 20 cm common brick and 10 

mm gypsum plaster. While the Partition is built from 10 cm common brick 

and 10 mm gypsum plaster on both sides. The Roof is built from outside to 
inside from 10 mm cement tail, 130 mm sand, 10 mm Expanded 
polyurethane, Asphalt shingles, 150 mm concrete and 20 mm gypsum. The 
floor consist from outer to inner from carp, cement tile of 25 mm thick., heavy 
concert of 15 cm thick. Ceiling height is 3 m Fenestration. Clear single glass, 3 
mm thick. Assume closed, medium-color well fitted, aluminum frame. Doors 
made of wood of 25 mm thickness. Occupancy. Four persons, based on two for 
the master bedroom and one for each additional bedroom. Assign to the living 
room. Llights. Assume 480 W for the kitchen, and 480 W for living room, assign 
50% to bed room 1, 25% for bedrooms 2 and 3. Appliances : there is one TV,PC 
laptop, laser printer, and Coffee brewer in living room, The construction of the 
house is considered medium. Find the sensible, latent, and total cooling load; 
size the cooling unit; and compute the air quantity for each room. 
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Solution: 
The cooling load must be made on a room-by-room basis to determine the 
proper distribution of air. The calculations follow the procedure outlined in the 
section on Load Components. The using of thermal resistance R is not like the 
use of the thermal conductivity k, since the thermal resistance depends on a 
given material thickness, while the thermal conductivity does not depends on 
the material thickness, Let takes an example, If we have two thicknesses of 
Stucco, the first one is 25 mm and the second is 10 mm, find the heat transfer 
coefficient and the thermal resistance for both thicknesses. 
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The Wall 
10 𝒎𝒎 𝒈𝒚𝒑𝒔𝒖𝒎 𝒑𝒍𝒂𝒔𝒕𝒆𝒓   
R=0.026 𝒎𝟐𝑲/𝑾 

𝑹𝟏 = 𝑹𝑻𝒂𝒃𝒍
∆𝒙

𝑳
 =0.026 *

𝟏𝟎

𝟐𝟎
= 𝟎. 𝟎𝟏𝟑 𝒎𝟐𝑲/𝑾 

𝑾𝟏 = 𝟑𝟎. 𝟕𝟒 ∗
𝟏𝟎

𝟐𝟎
= 𝟏𝟓. 𝟑𝟕

𝒌𝒈

𝒎𝟐  

 

𝟐𝟎𝟎 𝒎𝒎 𝒄𝒐𝒎𝒎𝒐𝒏 𝒃𝒓𝒊𝒄𝒌               
𝑹𝟐 = 𝟎. 𝟐𝟕𝟗 𝒎𝟐𝑲/𝑾   

𝑾𝟐 = 𝟑𝟗𝟎. 𝟒
𝒌𝒈

𝒎𝟐 

 𝟏𝟑 𝒎𝒎 𝒄𝒆𝒎𝒆𝒏𝒕 𝒑𝒍𝒂𝒔𝒕𝒆𝒓   

        𝑹𝟑= 𝟎. 𝟎𝟓
𝒎𝟐𝑲

𝑾
          

𝑾𝟑 = 𝟏𝟎𝟓. 𝟔 
𝒌𝒈

𝒎𝟐
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𝑹𝒊 =
𝟏

𝒉𝒊
 =

 𝟏 

𝟖.𝟑 
= 𝟎. 𝟏𝟐𝟏𝒎𝟐𝑲/𝑾 

 

𝑹𝒐 =
𝟏

𝒉𝒐
 =

𝟏 

𝟏𝟕
= 𝟎. 𝟎𝟓𝟗 𝒎𝟐𝑲/𝑾 

𝑹𝒕 = 𝟎. 𝟏𝟐𝟏 + 𝟎. 𝟎𝟏𝟑 + 𝟎. 𝟐𝟕𝟗 + 𝟎. 𝟎𝟓 + 𝟎. 𝟎𝟓𝟗= 
𝑹𝒕=0. 𝟓𝟐𝟐  𝒎𝟐𝑲/𝑾 
 

𝑼𝒘=
𝟏 

𝟎. 𝟓𝟐𝟏𝟗
= 𝟏. 𝟗𝟏𝟔 𝑾/𝒎𝟐𝑲 

𝑾𝒕 = 𝟏𝟎𝟓. 𝟔 + 𝟑𝟗𝟎. 𝟒 + 𝟏𝟓. 𝟑𝟕 = 𝟓𝟏𝟏. 𝟑𝟕
𝐤𝐠

𝐦𝟐 

 

𝑻𝒉𝒆 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒘𝒂𝒍𝒍  

Msc. Zahraa F. Hussain 



M.Sc. Zahraa F. Hussain 

The Wall (partition) 
10 𝒎𝒎 𝒈𝒚𝒑𝒔𝒖𝒎 𝒑𝒍𝒂𝒔𝒕𝒆𝒓   
K=0.727 W/m.K 

𝑹𝟏 =
∆𝒙

𝑲
 =

𝟎.𝟎𝟏

𝟎.𝟕𝟐𝟕
= 𝟎. 𝟎𝟏𝟑𝟕 𝒎𝟐𝑲/𝑾 

𝑾𝟏 = 𝟑𝟎. 𝟕𝟒 ∗
𝟏𝟎

𝟐𝟎
= 𝟏𝟓. 𝟑𝟕

𝒌𝒈

𝒎𝟐  

 
1𝟎𝟎 𝒎𝒎 𝒄𝒐𝒎𝒎𝒐𝒏 𝒃𝒓𝒊𝒄𝒌               
𝑹𝟐 = 𝟎. 𝟏𝟒𝟎 𝒎𝟐𝑲/𝑾   

𝑾𝟐 = 𝟗𝟓. 𝟐𝟎
𝒌𝒈

𝒎𝟐 

 10 𝒎𝒎 𝒈𝒚𝒑𝒔𝒖𝒎 𝒑𝒍𝒂𝒔𝒕𝒆𝒓   
K=0.727 W/m.K 

𝑹𝟑 =
∆𝒙

𝑲
 =

𝟎.𝟎𝟏

𝟎.𝟕𝟐𝟕
= 𝟎. 𝟎𝟏𝟑𝟕 𝒎𝟐𝑲/𝑾 

𝑾𝟑 = 𝟑𝟎. 𝟕𝟒 ∗
𝟏𝟎

𝟐𝟎
= 𝟏𝟓. 𝟑𝟕

𝒌𝒈

𝒎𝟐  
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𝑹𝒊 =
𝟏

𝒉𝒊
 =

 𝟏 

𝟖.𝟑 
= 𝟎. 𝟏𝟐𝟎𝟒 𝒎𝟐𝑲/𝑾 

 

𝑹𝒕 = 𝟎. 𝟏𝟐𝟎𝟒 + 𝟎. 𝟎𝟏𝟑𝟕 + 𝟎. 𝟏𝟒𝟎 + 𝟎. 𝟎𝟏𝟑𝟕 + 𝟎. 𝟏𝟐𝟎𝟒= 
𝑹𝒕=0. 𝟒𝟎𝟖𝟐 𝒎𝟐𝑲/𝑾 
 

𝑼𝒘=
𝟏 

𝟎. 𝟒𝟎𝟖𝟐
= 𝟐. 𝟒𝟓 𝑾/𝒎𝟐𝑲 

𝑾𝒕 = 𝟏𝟓. 𝟑𝟕 + 𝟗𝟓. 𝟐𝟎 + 𝟏𝟓. 𝟑𝟕 = 𝟏𝟐𝟓. 𝟗𝟒
𝐤𝐠

𝐦𝟐 

 

𝑻𝒉𝒆 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝒘𝒂𝒍𝒍  

𝑹𝒕 = 𝑹𝒊 + 𝑹𝟏 + 𝑹𝟐 + 𝑹𝟑 + 𝑹𝒊 
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The Roof 
10 mm concrete tail 

𝑹𝟏 = 𝟎. 𝟎𝟑𝟕 𝒎𝟐𝑲/𝑾 

𝑾𝟏 = 𝟐𝟑
𝒌𝒈

𝒎𝟐  

130 mm sand  
𝑹𝟐 = 𝟎. 𝟎𝟏𝟔𝒎𝟐𝑲/𝑾 

𝑾𝟐 = 𝟐𝟏
𝒌𝒈

𝒎𝟐  

10 mm Expanded polyurethane 

𝑹𝟑 =
∆𝒙

𝑲
 =

𝟎. 𝟎𝟏

𝟎. 𝟎𝟒
= 𝟎. 𝟐𝟓 𝒎𝟐 𝑲/𝑾 

Asphalt shingles 
𝑹𝟒 = 𝟎. 𝟎𝟗𝒎𝟐𝑲/𝑾 

150 mm concrete 

𝑹𝟓 = 𝟎. 𝟎𝟖𝟖 𝒎𝟐𝑲/𝑾 

𝑾𝟓 = 𝟑𝟒𝟏. 𝟔 
𝒌𝒈

𝒎𝟐  

20 𝒎𝒎 𝒈𝒚𝒑𝒔𝒖𝒎 𝒑𝒍𝒂𝒔𝒕𝒆𝒓   
𝑹𝟔 = 𝟎. 𝟎𝟐𝟔 𝒎𝟐𝑲/𝑾  

𝑾𝟔 = 𝟑𝟎. 𝟕𝟒 
𝒌𝒈

𝒎𝟐  
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𝑹𝒓 = 𝟎. 𝟏𝟐𝟎𝟒 + 𝟎. 𝟎𝟑𝟕 + 𝟎. 𝟎𝟏𝟔 + 𝟎. 𝟐𝟓 + 𝟎. 𝟎𝟗 + 𝟎. 𝟎𝟖𝟖 + 𝟎. 𝟎𝟐𝟔 + 𝟎. 𝟎𝟓𝟖𝟖= 
𝑹𝒕=0. 𝟔𝟖𝟔𝟐 𝒎𝟐𝑲/𝑾 
 

𝑼𝒓=
𝟏 

𝟎. 𝟔𝟖𝟔𝟐
= 𝟏. 𝟒𝟓𝟕 𝑾/𝒎𝟐𝑲 

𝑾𝒕 = 𝟐𝟑 + 𝟐𝟏 + 𝟑𝟒𝟏. 𝟔 + 𝟑𝟎. 𝟕𝟒 = 𝟒𝟏𝟔. 𝟑𝟒
𝐤𝐠

𝐦𝟐 

 

𝑻𝒉𝒆 𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒕𝒉𝒆 𝑹𝒐𝒐𝒇 

𝑹𝒕 = 𝐑𝐎 + 𝐑𝟏 + 𝐑𝟐 + 𝐑𝟑 + 𝐑𝟒 + 𝐑𝟓 + 𝐑𝟔 + 𝑹𝒊 

𝑹𝒐 =
𝟏

𝒉𝒐
 =

𝟏 

𝟏𝟕
= 𝟎. 𝟎𝟓𝟖𝟖 𝒎𝟐𝑲/𝑾 𝑹𝒊 =

𝟏

𝒉𝒊
 =

𝟏 

𝟖.𝟑 
= 𝟎. 𝟏𝟐𝟎𝟒 𝒎𝟐𝑲/𝑾 
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Door Windo

w 

Roof Partition Outer wall 

U U W U U W U 

  

W/m2.K 

  

W/m2.K 

  

kg/m2 

  

W/m2.K 

  

 W/m2.K 

  

kg/m2 

  

W/m2.K 

 

3.92 

 

6.42 

 

416 

 

1.457 

 

2.45 

 

511 

 

1.916 
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Partition 

Roof 

(m2) 

 

Floor 

(m2) 

Windows Net area of outer 

Walls (m2) 
Room 

name 
Door S N E W S N E W 

 18.9 50.75 50.75  2.1  - - - 3.6   - -  -   17.4  Bed R1 

 16.5 45.34  45.38 4.2  - - -  3.6   20.55 -  12.9  
Living 

room  

11.4  16.88  16.88 2.1  2.7 - 2.7 -  

 

8.55

  

-  10.8  - Bed R2  

 11.4 

11.25 
16.88 16.88 2.1  2.7   -    10.8  -  Bed R3  

 11.25 20.63  20.63 -  
2.7 

0.36  
-  -  

 

11.25

  

13.44   -  Kitchen 



Appliance & Lights & People 
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The outside design conditions for summer is 45°C DBT and 15% RH with daily 
range of 18.7°C, 1.5°C and 84% RH for winter. 

Equivalent temperature difference:  
To calculate the equivalent temperature difference for any wall or roof at any 
orientation, the following procedures must be considered: 
This sample of calculation is for West wall 
 
 



No
. 

W N E S H 

1 Calculate the weight of wall or roof per m2 511.37 511.37 511.37 511.37 416 

2 Select the equivalent temperature difference (T15) 5.6 1.7 11.1 8.3 15.6 

3 Select the outdoor design conditions for summer(T1) 45 45 45 45 45 

Select the outdoor design conditions for winter(T1) 1.5 1.5 1.5 1.5 1.5 

Find the yearly range 45-1.5 43.5 43.5 43.5 43.5 

Find the correction of equivalent temp. diff. (T16A) 7.2 7.2 7.2 7.2 7.2 

Find the daily range (Table 1) 18.7 18.7 18.7 18.7 18.7 

Find the difference between (outdoor design 
condition for month at 3P.M. ) 

45-25 20 20 20 20 

Find the equivalent temperature difference for wall or 
roof exposed to the sun (Dtem) (Step 8+step 2) 
 

5.6+7.2
=12.8 

8.9 18.3 15.5 22.8 

Find equivalent temperature difference for same wall 
or roof in shade (DTes)(T15+step 8) 

1.7+7.2
=8.9 

8.9 8.9 8.9 8.9 

Find the maximum solar radiation maximum solar 
heat gain through glass for wall (Rs) (T12A) 

517 69 517 95 776 

Find the maximum solar heat gain through glass for 
wall facing or horizontal for roofs, for July at 40 North 
latitud (Rm) T12B) 

511 44 511 322 675 
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∆𝐭𝐞= 𝟎. 𝟕𝟖
𝐑𝐬

𝐑𝐦
. ∆𝐭𝐞𝐦 + (𝟏 − 𝟎. 𝟕𝟖)

𝐑𝐬

𝐑𝐦
. ∆𝐭𝐞𝐬 

For West Wall 

∆𝐭𝐞= 𝟎. 𝟕𝟖
𝟓𝟏𝟕

𝟓𝟏𝟏
. 𝟏𝟐. 𝟖 + 𝟏 − 𝟎. 𝟕𝟖

𝟓𝟏𝟕

𝟓𝟏𝟏
. 𝟖. 𝟗 = 𝟏𝟐. 𝟎𝟖 

F𝐨𝐫 𝐑𝐨𝐨𝐟  

∆𝐭𝐞= 𝟎. 𝟕𝟖
𝟕𝟕𝟔

𝟔𝟕𝟓
. 𝟐𝟐. 𝟖 + 𝟏 − 𝟎. 𝟕𝟖

𝟕𝟕𝟔

𝟔𝟕𝟓
. 𝟖. 𝟗 = 𝟐𝟐. 𝟕 

1 Calculate the weight of wall or roof per m2 511 

2 Select the equivalent temperature difference (T15) 5.6 

3 Select the outdoor design conditions for summer 45 

4 Select the outdoor design conditions for winter 1.5 

5 Find the yearly range 43.5 

6 Find the daily range (Table 1) 18.7 

7 Find the difference between (outdoor design condition for month at 3P.M. ) 20 

8 Find the correction of equivalent temp. diff. 7.2 

9 Find the equivalent temperature difference for wall or roof exposed to the sun (∆𝐭𝐞𝐦) 12.8 
10 Find equivalent temperature difference for same wall or roof in shade (∆𝐭𝐞𝐬) 8.9 

11 Find the maximum solar radiation maximum solar heat gain through glass for wall (𝐑𝑺) 517 

12 

Find the maximum solar heat gain through glass for wall facing or horizontal for roofs, 
for July at 40 North latitud 𝐑𝐦) 511 
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 Bedroom1 حساب حمل التبريد لـ    Outer wall 

Partition wall 

Partition wall 

Partition wall 

 يهمل
 يحسة

 يحسة جدار خارجي

ف
كي

 م
ير

غ
 

 يهمل

فة
كي

 م
فة

غر
 

 الممر مكيف



Solar and transmission heat gain glass 
 
𝑸𝒔/𝒈 = 𝑺𝒐𝒍𝑯𝑮 𝑨𝒈 𝑭  

𝑸𝒕/𝒈 = 𝑼 𝑨𝒈/𝒅 (𝑻𝒐 − 𝑻𝒊)  

 الجدار باتجاه الغرب  يتم استخراج قيمة
من جدول      𝑺𝒐𝒍𝑯𝑮    

الظهر 3حسب الاتجاه وقت الذروة الساعة ب    12 A 

Bedroom1 

𝑸𝒔/𝒈 = 𝟒𝟔𝟕 ∗ 𝟑. 𝟔 ∗ 𝟏. 𝟕 = 𝟐𝟖𝟓𝟖. 𝟎𝟒 𝑾 

𝑸𝒕/𝒈 = 𝟔. 𝟒𝟐 ∗ 𝟑. 𝟔 ∗ 𝟒𝟓 − 𝟐𝟓 = 𝟒𝟔𝟐. 𝟐𝟒 𝑾 



West= 467 W/m2 
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𝑸𝒘 = 𝑼𝒘𝑨𝒘. ∆𝒕𝒆              for outer wall 

𝑸𝒕/𝒑 = 𝑼 𝑨𝒑 𝑻𝒐 − 𝑻𝒊 − 𝟗        𝒇𝒐𝒓 𝒑𝒂𝒓𝒕𝒊𝒕𝒊𝒐𝒏 

𝑸𝑹 = 𝑼𝒓𝑨𝒓. ∆𝒕𝒆              for  Roof 

Outer Wall & Exposed Roof & Partition 

𝑸𝒘 = 𝟏. 𝟗𝟏𝟔 ∗ 𝟏𝟕. 𝟒 ∗ 𝟏𝟐. 𝟎𝟖 = 𝟒𝟎𝟐. 𝟕𝟐𝟖 𝑾 

𝑸𝑹 = 𝟏. 𝟒𝟓𝟕 ∗ 𝟓𝟎. 𝟕𝟓  ∗   𝟐𝟐. 𝟕 = 𝟏𝟔𝟕𝟖. 𝟓 𝑾 

𝑸𝒕/𝒑 = 𝟐. 𝟒𝟓 ∗ 𝟐𝟏. 𝟕𝟓  ∗ (𝟒𝟓 − 𝟐𝟓 − 𝟗) = 𝟓𝟖𝟔. 𝟐 𝑾 

𝑸𝒔,𝒑𝒆𝒐𝒑𝒍𝒆 = 𝑵𝒐 𝑺𝒆𝒏. 𝑯𝑮 𝑭 = 𝟐 ∗ 𝟕𝟓 = 𝟏𝟓𝟎 𝑾  

 𝑸𝑳,𝒑𝒆𝒐𝒑𝒍𝒆 = 𝑵𝒐 𝑳𝒂𝒕. 𝑯𝑮 𝑭 = 𝟐 ∗ 𝟓𝟓 = 𝟏𝟏𝟎𝑾    

𝑸𝑳𝒊𝒈𝒉𝒕 = 𝑵𝒐 ∗ 𝑷𝒐𝒘𝒆𝒓 ∗ 𝟏. 𝟐𝟓 = 𝟏 ∗ 𝟐𝟒𝟎 ∗ 𝟏. 𝟐𝟓 = 𝟑𝟎𝟎𝑾 
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 Depending on the crack length LC 

• Single hung window 
or door in Bedroom1  

Msc. Zahraa F. Hussain 

𝑳𝒄 = 𝟐(𝟎. 𝟔 + 𝟏)= 3.2 

𝟏 

Infiltration 



Volume flow rate /per meter  = 0.3 lit/s  per meter 



 

Msc. Zahraa F. Hussain 



        Lc = Nos. x fac ( L + H ) + H 

V
e

n
t &

 in
flit. 

10 
Lc   1   2   ( 0.6  + 1 )  + 0  3.2 

IOA = 3.2 × 0.3     = 0.96 
11 V = 2 x 2.5   1 = 5 

  VOA = 
0.95 
Lit/s 

+ 5    = 5.96 

  OASH  =  F  x VOA  x  ∆𝑇 =    

  11a OASH = 1.21 × 5.96 × 20 = 144.23   

  11b OALH = 3000 × 5.96 × 0.001 = 17.88   

  11c OATH = OASH + 

 
 OALH 

 

=   = 162.11   
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Room load 

  11 RSH = 
Sum all 

equations(Sensible heat) 
+   = 6137.67 

  12 RLH = 
Sum all  

equations(Latent heat) 

  
+   = 110 

  13 RTH = RSH  +  RLH = 6247.67 

Msc. Zahraa F. Hussain 

RLH 



  14 TSH = RSH  + OASH  = 6281.9 

  15 TLH = RLH  + OALH  = 127.88 

  16 GTH =  TSH + TLH  = 6409.78 

Msc. Zahraa F. Hussain 

𝑹𝒐𝒐𝒎 𝒍𝒐𝒂𝒅 =
𝑮𝑻𝑯 (𝒌𝑾)

𝟑. 𝟓
=

 𝟔. 𝟒𝟎𝟗𝟕𝟖

𝟑. 𝟓
=   𝟏. 𝟗  𝐓𝐑   ≅ 2 TR 




